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 (an consider in context of various aspects
— Traffic
— Downbhill skiing
— Wild animals
— (Chemicals
— Machinery and similar systems

* (anbe seen from different viewpoints
— Perceived - How do people feel about their situation?

— Substantive - How often and how severe harm has a system
produced?

— Normative - Does a system conform with the relevant standards and
regulation?
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e Definition in a normative context (IEC 61508-4:2010)
— 'Freedom from intolerable risk’

* |sfounded on hazard and risk analysis

— Hazards and risk need to be known to justifiably mitigate them into a
tolerable level

« |dentified intolerable risks are mitigated to a tolerable level
— How should this be achieved?
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Elimination &
Substitution

Engineering controls

Adminitritive and work place controls

Personal protective equipment

Figure constructed based on:

1. Manuele, F. A., “Risk assessment & hierarchies of control,” Professional Safety, vol. 50, no. 5, p. 33, 2005.

2. Nix, D. (2011, Feb) Undertanding the hierarchy of controls. Machinery Safety 101. [Online]. Available:
http://machinerysafety101.com/2011/02/28/understanding-the-hierarchy-of-controls/
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 Machinery is often given two typically contradicting requirements:

— to be efficient and suit the purpose for which they have been designed
to

— to be safe to use and operate

« Keeping the efficiency and advanced functionality while achieving
safety of the machine may be challenging

— Enabling maximum amount of flexibility and possibilities, but keeping
safety of the user when needed = Engineering controls and functional
safety

— Increased functionality allows for more fine grained safety features -
Software approach often selected for more complex applications

* Therefore, an assumption:

— Application software needs to be developed to implement a safety
function
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* Legislative bodies have subjected requirements considering safety
of machinery:
— Machinery directive in European market
— OSHA in USA market
— Other legislation and directives in other markets
« Standards help manufacturers to achieve compliance with
legislation:
— |IEC 61508
— EN/ISO 13849
— |EC 62061
— 1S5S0 25119

* Requirements regarding the development and life-cycle of the
system under development, hardware and software, etc.
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Delivered defects in software per function point
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Jones, C. 2012. SOFTWARE QUALITY IN 2012: ASURVEY OF THE STATE OF THE ART. Available at: http://sqgne.org/presentations/2012-13/Jones-Sep-2012.pdf
[11.4.2017]
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* Inmodel-based design process the coding and documentation
parts can be omitted partly or completely

— (ode for a target runtime/platform is generated from the model
— Documentation is generated from the model

» More resources can be allocated to the requirements specification and
design phases.

Require- Documen-
ments tation

Resources



ZaVISION
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« Code and documentation is generated by computer (generator
software) that should ideally match the speciation, the model that

is, completely
» Faults introduced in software implementation phase diminish or at
least interpretation errors diminish (assuming the generator
introduces no new faults)
» There should not be any difference between the documentation and
the specification of the system (assuming corresponding version of
the model, code, and documentation).

:
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Traceability is a frequent requirement in standards considering
development of safety-related parts of (control) system

— Needed to show compliance with the standard
— [EC 61508 and I1SO 25119

 Helps to assess whether all the requirements have been
implemented and tested

 Forms paths between design time artifacts

* Enables (and highly supports) impact analysis to assess the effect
of a planned change in the system

 Some work is needed to establish traceability

* Developers need to model and maintain the traceability relations in
the software (or system) model
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« Typically, traceability needs to cover the whole development
process from requirements to implementation and to verification
and validation

Require-
ments

Validation

Integration

Architecture

Modification
plan

testing

Module
testing

Implemen-
tation
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 Done before a safety-related part of a control system is modified
 The purpose is to determine the parts of the system a modification
affects

 Theresults of the analysis is a factor in the needed amount of work
to carry out the modification

 Asolid and correct traceability between design and software
artifacts helpigreatly in impact analysis 1

I
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 Theapproach to implement traceability can be selected freely

— Excel, Word
Top level Subsystem A Traceability for Subsystem B Traceability for
requirements Requirements upper level Requirements upper level
1.1.2 1.1 1.1.2 1.1.1 1.2.2
REO ’I 'I ’I 1.13 1.2 1.2.1 1.1.2 2.1.3
< 1.2.1 1.3 1.2.2 1.2.1 2.1.3
X needs to be calculated to... 1.2.2 1.4 1.2.2 1.2.2 211
1.2.3 1.5 1.2.1 1.2.3 2.1.2
Traces 2.1.1 13.1 1.2.1
REQ1.2.1,REQ 1.2.2 2.1.2
2.1.13
When requested, X shall be calculated within Z seconds for 90% of
cases.

The worst-case calculation time for X shall not exceed Y seconds.
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Modeling the traces directly between the design artefacts

req Requirements

Requirementl

7
v

Z«trace»

Requirement2

/
/
/

/7
«trace»
‘

/4

FunctionalRequirementl

N
N

«trace»,

Requirement3

\
\
\

«trace»

FunctionalRequirement2

«trace»
.

v

«trace»
~

\

ArchitecturalRequirementl

RegulatoryRequirement]
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main Reqbinding /

RegulatoryRequirementl FunctionalRequirement2

«interface»
R R

Design::Interfacel

«trace» «trace»
=~ ~
(from Requirements) T~ A (from Requirements)
«trace»” ~ D\ I
> Design::Class1
ArchitecturalRequirementl }——— _ — -
«trace»
N
(from Requirements) ~.
«tracew
Design::Class2 Design::Class3

Design::Class4  |e= _ _| Requirement3

«trace»

(from Requirements)
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Demo case: Development process walkthrough Z%s.....nomorcecmoioy

 Development process utilizing:
— Polarion
— Simulink
— Polarion connector for Simulink
 (ase: Element link

— A module to communicate with a motor simulation software and a
testing environment
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Requirements Validation

Integration
test HIL/Cl

Specification

Tasks/compo
nents Module test HIL/Cl
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Engine Link Requirement

®Valtra_PDO0-395 - A vehicle simulator needs an rpm speed link to a motor simulator
t Valtra_PDQ-400 , Valtra_PDO-397 Q"E;Valtra_PDO-:iQG

Type Requirement Requirement Type: Functional Estimated Time Guess:
Author: Aikas, Antero Space: Estimated Story Points Guess
Assignee(s) Document:
Status: .~ Draft Planned In:
Resolution

Description

724V ISION
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Aggregated Time Estimations:
Aggregated Spent Time:

Aggregated Remaining Time:

Aggregated Story Points: 10.0

A vehicle simulator needs an rpm speed link to a motor simulator. Without this link between the model and the motar simulator the model is not able to work and an engine torque cannot be known. The model must have

someway to transfer the rpm speed of its gearbox to the motor simulator and the motor simulator must have an output for the torque signal.

Linked Work Items

Suspect Role Title Project Revision Status Assignee(s)
is verified by [%) Valtra_PDO-400 - Test a vehicle simulator's rppm speed link to a motor simulator Valtra Platform DevOps &
in implemented by ~IValtra_PDO-397 - Add a vehicle simulator's rpm speed link to a motor simulator Valtra Platform DevOps ¥

is detailed by &g Valtra_PDO-396 - A vehicle simulator's rpm speed link to a motor simulator Valtra Platform DevOps #



Engine Link E/E Spec ZAVISION

) vaitra_PDO-395
17%&Valtra_PDO-396 - A vehicle simulator's rpm speed link to a motor simulator

1@ valtra_PDO-400 [sValtra_PDO-387
Type: GREIE Spec Initial Estimate: Spec Typs:
Author: Aikas, Antero
Assignee(s).
Status: o Draft

Resolution:

Description

A vehicle simulator's pm speed link to a motor simulator transfers a real speed from the mode! to the motor simulator. This is the speed the motor are able
to run at the cument load. Thus the model receives receives a motor torque value from the motor simulator which is used to calculate the rpm value

which depends on the cument load applied to the model. This link will be done using a dSPACE DS2211 cand's PWM output and input. To the output

the model sends a speed duty cyele and speed period. The motor torque will be received as a duty cycle value and period.

Below is the slectric connection scheme for the link

EXIT - ZTMAN STCH CONTROL

X310 M D0_LFTH L Reseried s

EXS-14 (FWMN DO_I T | Ao wamig.

XL 1TBTHI I Tharse )
EO3-1TETR I Thate

S5 15T I e

BT Ergre et
Inr——
Linked Work ltems
Suspect Roie Titie Project Revision  Status Assignes(s)
details [#) valtra_PD0-385 - A vehicle simulator needs. an rpm spiale3iRiatEoemBEsGam ulator re
s verified by (%) Valtra_PDO-400 - Test a vehicle simulator's rpm spe=d A G atfnoreDsntissior e
in implementad by IValtra_PDO0-307 - Add a vehicle simulator's pm speed/BiRatF @i or ¥
Attachments
Title Fil2 Name Size Authar Last Modified Actions

sereenshot-20170428-0504B% reens hot-20170426-050404 png [direct fink] £3116B  Akas, Anterc  2017-04-26 05:04 Show revisions



Engine Link Work Package

Valtra_PDO-395 ﬁ%\n’altra_PDO-?ﬁBS

1 Valtra_PDO-397 - Add a vehicle simulator's rpm speed link to a motor simulator
t@ Valtra_PDO-400 p. Valtra_PDO-399 4, Valtra_PDO-402
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Type: | 1Work Package Aggregated Time Estimations: Aggregated Story Points: 10.0
Author: Aikas, Antero Aggregated Spent Time:
Assignee(s ). Aggregated Remaining Estimate:

Status: ¥ Accepted

Resolution:

Planned In:

Description

Add a vehicle simulator's rpm speed link to a motor simulator.

Linked Work Items
Suspect Role
implements
implements
is verified by
in implemented by

is tested by

Title Project Revision
Valtra_PD0-395 - A vehicle simulator needs an rpm s pediddiRkatioanmiBenCGimulator
QEVaIIra_F’DD—BQG - A vehicle simulator's rpm speed link/iitearftadiosmbiattips

(%] Valtra_PDO-400 - Test a vehicle simulator's rpm speeialikatBlatiooioDsinidgstor
#}Valtra_PD0-399 - Developing a vehicle simulator's rprivaifreeBItitionn Deawips

Ay Valtra_PDO-402 - Test a vehicle simulator's rpm spee¥likatBlatio Cenidgstor

Status Assignee(s)
#

#

#

o Aikas, Antero
3 Aikas, Antero



Simulink Engine Link Diagram VJVLSION

TC_FI5_CYCLE
Engine_Speed FI5_Cycle

ENGlNE_SFEED p1 Engine_Speed_Offset Engine_torgue ENGlNE—TORQUE
. i . _ ENGINE_TORQUE
— Engine_Speed_Period Engine_torque_P eriod
50 ]
EngneLink =
ENGINE_SPEED OFFSET __ENGINE_TORQUE_PERIOD
ENGINE_SPEED_PERIOD TC_FI5_PERIOD

EngineLink subdiagram will be linked to a Polarion document



Menu Integration in Simulink

Publish Block/{Sub) System

Open Linked Worklterm
Refresh Published Diagram (s

Link Block/{Sub)System with Existing Item..,

* Hilae  H

S
o e N
il Hagvas - I'l o Hagluads
X o gt
CAMFRaw Mg

AN Coura

O -
= EJL :" e Comintnzaup
Control erSetug

|-|

Polarion L
Cut Ctrl 43
Copy Crl+C
Paste Crl +4f
Comment Through Crl +Shift+y
Comment Cut Ctrl +Shift+x
Delete Cel
Connect Blocks
Create Subsystern from Selection Ctrl+35
Farrmat 4
Ratate & Flip 3
Arrange 4
Requirernents Traceability 4
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Fublish Block/{5ub) Systern

= Link Block/(3ub) Systern with Existing Itern..,
,Em Open Linked WorkItem

Refresh Published Diagrarm(s)

Click inside the selection with the right mouse button



Requirements Traceability

Polarion

Explore

Open

QOpen In New Tab
Open In New Window

& Cut
By Copy
Paste
Comment Through

Comment Out
Delete

Find Referenced Variables
Subsystem & Model Reference

Format
Rotate & Flip

Arrange

Mask
Library Link

Signals & Ports

Requirements Traceability

Coverage

Model Advisor
Fixed-Point Tool...
C/C++ Code

Block Parameters (Subsystem)
Properties...
Help

Ctrl+X
Ctrl+C
Ctrl+V
Ctrl+Shift+Y
Ctrl+Shift+X
Del

TSI

1. "Polarion: Valtra_PDO-393"

Link to Selection in MATLAB
Link to Selection in Word
Link to Selection in Excel

Select for Linking with Simulink
Add Link to Selected Object(s)

Open Link Editor ...
Delete All Links ...

Copy URL to Clipboard
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Linking Simulink Diagram To Polarion DocmmeION

- WorkItem5electionDialog L= & |

Select Polarion Workltem

Query: |type:developmentTask Developing Select a Polarion document

/

o | Title |
Valtra_PD... Developing a vehicle simulator's rpm speed link to a motor 4|
Valtra PD... Realtime testing for Development support
Waltra_PD... Realtime testing for Development support

Press this button to make a link

Note that only first 50 tems will be loaded /

| Attach Diagram picture to the it... | Link Selected ] [ Cancel ]




Engine Link Development Task AWSION

“)Valtra_PDO-397

t#Valtra_PDO-399 - Developing a vehicle simulator's rpm speed link to a motor
1 #p Valtra_PDO402

Type: #3 Development Task Status: 4§ To be estimated I Estimate:
Author: Aikas, Antero Resolution Time Spent:
Assignee(s): Aikas, Antero Planned In Remaining Estimate:

Story Points:

Description The linked Simulink subsystems diagram

Develaping a vehicle simulator's rpm speed link to a motor

e Lk
D
. e Cyoe
—~- [ —
Add speed offset  Engine_Speed_Limit
Dty Gyele Duty Cycle |———|
Engine_Spesd Ofiset Engine Spesd_Scale ENGINE_TORQUE GYole  LonetTeE
@ pured et ]
Srore St Pt 2 e =
CSEWRINEISS  DEEPAE o
Linked Work ltems
Suspect Role Title Project Revision  Status Assignee(s)
implements 5 Valtra_PDO-357 - Add a vehicle simulators m spee ket laViotoviltor & HTTP link to the Simulink Dia gram
s tested by #9Valira PDO-402 - Test a vehicle simulators rpm spesd/itiatBlatfootoDinistor 4 Aikas, Antero
Hyperlinks
Role URL Actions
ref_ext http:iilocalhost: 314 jinavi [%22VT16_AME sIx%22,%22GIDa_2002a39%_a5a7_4712_887_bb3abbc7f105%22]
Attachments
Title File Name Size Author Last Modified Actions

Matlab Mode! matlabsystem _png [direct link] 15345B  Aikas, Antero  2017-04-25 17:01 Show revisions



Engine Link Test Case

] Valtra_PD0-395 & Valtra_PD0-396 () Valtra_PDO-397
t®Valtra_PDO-400 - Test a vehicle simulator's rpm speed link to a motor simulator

Type: (& Test Case
Author: Aikas, Antero
Assigneels).

Status: .~ Draft

Description

Initial Estimate: Test Type:

Test Depth -

Test a vehicle simulator's rm speed link to @ mofor simulator.

- the motor simulator and model should be powered on
- the motor simulator and model should be running
-the PTOs or any extemal load should not be activated

Test Steps

Step
Tum All Power On
Start Engine

Sleep 10s
Engine Speed Must Be Around 650

Engine Torque Must Be Around 150

Stop Engine

Tum All Power Off

Test Records

Linked Work Iltems

Description Expected Result
A vehicle must be switched on
Engine must be started

Wait 10 seconds until the engine'r rpm is
stable:

Test if the engine is running at a specified | The engine should run at 650 rpm
speed

Test the output toreug is in the range The engine output torque shoud be about 200
Nm when idling and no extemal load is
applied

Engine is stopped after the test

A vehicle must be switched off

Suspect Role Title Project Revision  Status Assignee(s)
verifies {5 Valtra_PDO-395 - A vehicle simulator needs an pm speliiiftettormerimulator &~
verifies & Valtra_PDO-396 - A vehicle simulators rpm speed linkVigtearRéatiosimDiseéios ra

verifies JValtra_PDO-397 - Add a vehicle simulators mpm speed/ifkat 8latiastosnfzor

724V ISION
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Test Case Results in Polari VLSION

Q. Execute Test -
& Current Test Run'- no Test Run selected - v ») Start Test Case
# Step Description Expected Result Actual Result Step Verdict
1 Turn All Power On A vehicle must be switched on OK v | X | @
@ Add Atiachment Recent =

2 Start Engine Engine must be started OK v X | @
@ Add Attachment Recent =

3 Sleep10s Wait 10 seconds until the engine’r rpm is stable OK v X | @
@ Add Attachment Recent =

4 Engine Speed Must Be Around 650 Test if the engine is running at a specified speed The engine should run at 50 rpm OK v X | @
@ Add Attachment Recent =

5 Engine Torque Must Be Around 150 Test the cutput tereuq is in the range The engine output torque shoud be about 200 Nm when idling and | o v | x| @

ne external load is applied

@ Add Atiachment Recent -

6 Stop Engine Engine is stopped after the test oK v | x| @
@ Add Atiachment Recent -

7 Turn All Power Off A vehicle must be switched off oK v | x| @
@ Add Attachment Recent ©

Test Case Verdict

This test went trough without problems!

Passed Failed Blocked

n finishe

& Add Attachment Recent -



Possible to Track Test History in Polarion %VLSION
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Simulator Features Requirement Documen%\"SION

n 1.9 Simulator Engine Link

Valtra_PDO-395 - A vehicle simulator needs an rpm speed link to a motor simulator

A vehicle simulator needs an rpm speed link to a moter simulator. Witheut this link between the model and the motor simulator
the model is not able to work and an engine torque cannot be known. The model must have someway to transfer the rpm speed
of its gearbox to the motor simulater and the motor simulator must have an output for the torque signal & Draft

] A vehicle simulator's rpm speed link to a motor simulator transfers a real speed from the model to the motor simulator. This is the
speed the motor are able

10 run at the cument load. Thus the model receives receives a motor torque value from the motor simulator which is used to
calculate the rpm value

‘which depends on the current load applied to the medel. This link will be done using a dSPACE DS2211 card's PWM output and
input. To the output

the model sends a speed duty cycle and speed period. The motor torque will be received as a duty cycle value and period

Below is the electric connection scheme for the link |

-] = - oy
= =y L
ﬂ PO 3l ocouesmpemn K5 205100 PAMDG LED! b Reseved Tt
Q 1 e ) prn G160 DY 144 PYNDO_LEDR LyAucevameg
% ‘%. _ EX3.1- 178 (TH1_|) Theotse 1
g EF I [} osznesamucn 633178 (T2 Tt 2
2 B s (76 | osuenzs e 156 (T8 ot 3

7- Enge sesd
- Outpat e

Work item links

Add a vehicle simulator's tpm speed link o a moter simulator

9
#

Developing a vehicle simulator's pm speed link to @ metor

Engrare
N FE_Cycie
Engre_spesa L
Mdspmad i Ergre Soass_Lint
Oury Cle Dury Cee
Engre_Spesd_ ot
o - Engina_Spead_Scale. [ENGINE_TORQUE_CYCLE
[en Pesaa et
e P = 2 EnGIE_ToRQuE FREg SONeieas Puisd
PTG ] ToRCE

Test a vehicle simulator's rpm speed link to a motor simulator
Test a vehicle simulator's rpm speed link to a motor simulator
~the moter simulator and model should be powered on

~the moter simulator and model should be running

~the PTOs or any extemal load should not be activated
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« Traceability between design artifacts is considered as a core part
of the development process

— Supports achieving sufficient traceability for safety-related
applications

 \When all the linked parts of a component/subsystem/element are
ready, the documentation can be produced and should be ready for
review

— Supports documentation and project management

* The structure of the Simulink model should be designed to support
use with Polarion = Subsystems modularization
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User

ReqUire- o R R 8 Validation
ments Model Based Design

Detailed
requirement/ ,ﬁ>\\\jifiiffffii////f Cl / HIL
Architecture

Validation & Simulator /
verification Plant Models

Y \

Specification

Implement. Unit tests



Continuous Integration
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Integration tests are run
automatically against HIL
simulator

Test cases are automatically
executed from ALM system

HIL APl is used for test
commands and result
feedback

”Connector”

Version

Control Cl Engine

HIL API

HIL-simulator
Plant models
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