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Motivation

What are the problems?

= Textual specifications = Inconsistencies between documents

» No universal modeling language = Misunderstanding among different disciplines

= Manuel verification process =» Hard to detect the design error at the early stage

Does it really
work?

What kind of
diagram is
that?

Which
one is
correct?

Modeling and Analysis

V-Model according to VDI 2206

mmm) Model Driven Requirements Engineering
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Introduction

= Model Driven Requirements Engineering (MDRE)
» Development method providing the means for using models to direct the
course of understanding, design, construction and deployment. [OMG: MDA Guide]

» The deficiencies of SysML as the modeling language in MDRE
» Requirement constructs are not sufficiently defined
» |t is not capable to describe dynamic models

Goals of this work

* Analyze the applicability of MDRE in the field of industrial automation
= Extend the SysML requirement constructs
» Integration with Modelica by using ModelicaML

16/08/2011 | DC/ETI23 | Hongchao Ji | © Bosch Rexroth AG 2011. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution,
as well as in the event of applications for industrial property rights. BOSCh GI’OU p




EOOLT 2011, Zirich

Content

= |ntroduction

= Model Driven Requirements Engineering

» Case Study: Hydrostatic Press System

= Conclusion and Outlook

16/08/2011 | DC/ETI23 | Hongchao Ji | © Bosch Rexroth AG 2011. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution,
5 as well as in the event of applications for industrial property rights. Bosch Grou P




EOOLT 2011, Zirich

Application of MDRE in Industrial Automation

* Modeling languages and tools used in each design phase

Requirements: SysML requirement
constructs extended by the MDRE4BR
profile

System design: SysML diagrams used to
model the descriptive system design
Domain-specific design: domain-specific
drawing tools reflecting the SysML concepts
Is desired

System integration: Modelica models
created or generated from the design model
by using ModelicaML

Verification: run the simulation of Modelica
model to verify the system design against
system requirements

Requirements || Product

Verification

A

Domain Specific Design

Mechanics Engineering
b Electrical Engineering
Computer Sciencs

Modeling and Analysis

Rexroth
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MDRE4BR Profile

= The shortcomings of SysML requirements constructs
= No classification of requirements
= Limited traceability concept
= No executable test cases

»= Objective of the MDRE4BR profile

= UML profile to extend the SysML requirements constructs
Enhanced definitions of requirements
Extend the traceability links
Verification process compliant with the development of industrial
automation systems
Integration with Modelica
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Definition of Requirements

= Abstraction Level helps to cluster the requirements in a break down
structure

» Satisfy State check the coverage of the requirement

= Verify State identifies the verification results

xEnumerations Ab;te”“mﬂrﬂtii"'* | astereotypes
. cti .
Satisfy State ractionteve (SysML::Requirements)
[ notDefined [E] CustomersReqt Requirement
EEl considered [E] ProcessReqt
E] satisfied [E] SystemReqt
- £l SubsystemsReqt
I £} ComponentReqt
wenumerations \\\\ \\\ asteraotypes
Verify State MDRE4BR_Requirement
=] notDefined IRSN N\ : i
[El notVerifiable “~.._ | = abstractionLevel AbstractionLevel [1]
[E] failed | = satisfyState: SatisfyState [1]
El verified e = verifyState: VerifyState [1]
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Classification of Requirements

= Classification

= A functional requirement is a requirement that should produce an expected reaction
to a given stimuli.

» A performance is a requirement to check whether a system variable such as timing,
speed, volume or throughput is in a desired range.

» A structural requirement is a requirement which describes the structural demand of
the stakeholder.

= A other requirement is all the other types of not-analytically-verifiable requirements

astereatypes
MDRE4BR_Requirement

= Reasons for classification
= Different attributes for different types / \
» Processed differently in the

«stereatypes astereotypes
verification stage VerifiableReqt NonVerifiableReqt
= Basis for the further traceability
concept
astereotypes astereotypes astereotypes astereotype»
FunctionalReqt Performance StucturalReqt OtherReqt [Glan 2007]

Rexroth
Bosch Group
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Traceability of Requirements

= Traceability in SysML
» Requirement to requirement: (copy, containment, deriveReqt)
= Requirement to design element: (satisfy, trace, refine)
» Requirement to test case: (verify)

= Concept to extend the satisfy and verify relationships

= More precisely defined semantics esterectypes
. . . . (SysiL:: Requirernents)
» Binding of variables of test case and related requirement Verify

with verify relation

?

I «stereatypes |
- Open ISsue PerformanceTestCase +performanceTestCase esterectypes
= MDRE4BR_Verify
u Trace baCk the = Performanceyar. ModelicaReal [1] |
. . = wviolated: ModelicaBoalean [1) [
verification results to -
requwement «sterectypes» + performance
. Performance <
aUtomatlca”y =] Performanceyar. ModelicaReal [1] | [
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Verification of Requirements

= New stereotypes

= Performance Test Case TestScenario
» Functional Requirement Test Case S stetTme: Stng [
= Test Scenario SR
= Mathematical Model o) /inkedFunTest: FunctionaiReatTostGasa "
= Verification process cstereotypes estereotypen
. . Performance TestCase FunctionalReqtTestCase
= Define a test scenario

= Select a mathematical model

. \ |
= Select the associated test cases N Mathematicaimodel <absiraction,
» Run the simulation e .
= Update the Verify State in requirements mere\}}pr% m:i;wm
Performance FunctionalReqt

= QOpen issue
= Define a traceability link between test cases and mathematical model to
automate the variables binding
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Case Study: Hydrostatic Press System

= The tasks
= Analysis of customer requirements
» Modeling of customer requirements
» Modeling of system design
- System structures
- System behaviors
- Domain-specific design
= Modeling of the analytical models
= Verification of systems design against
requirements
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Step 1: Capture and Refine Requirements

= Capture the customer requirements as stereotyped requirements
according to the classification
» Refine the higher level requirements to lower level requirements

aperformances eperformances
Customers Requirements MinimumWeight Maximal Strength
zabstractions : : sabstractions
zderiveRedgts I gderiveReqts
I I
i i
astucturalReqts afunctionalReqgts
Process Requirements ShrinkMaterial TensionStrength
eahstractions =T ?}'T\.‘{‘ e =zabstractions
- i - .
deriveR e ~~__ aderiveRegt
waerve _EE"?- - zabstractions : S -
- cderveRedb | cabstractions "= -
aperformances aperformances =COpYs aperformances
System Raquirements PressingForce PressingTime -----== Cycle Time
SN - E T=a -
| . = - | .
«zabstractions | Tl T e | «abstractions
deriveRe [ sabstractions =~~~ _ «dbstractions ==--._ ! ederiveRe
x s | <deriveRedt R «deriveReqts Tl “ ®
astucturalReqts wotherReqgts «performances
Subsystem Requirements NumberCylinder LoadMass ApproachVelocity
- ’?}T\ l
=abstractions a7 i «abstractions i zabstractions
cdefiveRedts - -~ I gderiveReqts ! «deriveRedt
-7 | !
«functionalReqgts aperformances aperformances
Component Requirements CylinderPressure PumpPressure PumpVelocity
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Step 1: Capture and Refine Requirements

= Capture the customer requirements as stereotyped requirements
according to the classification
» Refine the higher level requirements to lower level requirements

Remarks:
= The requirements can be structured systematically using different abstraction
levels and classifications
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Step 2: Create System Design Models

= System design: create the structural and behavioral model with
SysML diagrams

= Domain-specific design: create the detailed design model in a
domain-specific drawing tool

’ Hubzylinder
’
’
«model» / :II:" Kolben
(HydraulicPress::Design::SystemDesign) ,/
SystemArchitecture ’ |
’
’
scomponents wComponents 4 "
’ Wagevehtil WE43 (1
Sensor Pressing System ’ m
/ Schaltvorgabe +
. 4
position flange |: flange ,/ X
: [y T
’
velocity posSignal /I
’
pot_B port_4 DBv
r—1a
port_A  port B ’
Konsta a g
«components I_I «components |_| Drehzahl .

Control Units Driving System " @

velocity posControl Drehzahiv be
rehzahlvorga
position vControl %| vSignal Tabk (1) Tahk (2)
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Step 2: Create System Design Models

= System design: model the structural and behavioral model with
SysML diagrams

= Domain-specific design: model the detailed design model in a
domain-specific drawing tool

Remarks

» The system design process is well supported by SysML

= SysML is not suited for the domain-specific design

= Tool support for the domain-specific design with the extension that it can also
reflect SysML constructs (stored as SysML model) is desired
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Step 3: Establish Traceabillity Links
= Satisfy = Verify

= Select the design object supposed = Define test case for each
to satisfy the requirement analytically-verifiable requirement
» Check and update the Satisfy State = Create the verify relation
» Check the coverage of » Binding the variables
requirements
<performances pr——— ’ eperformance:s ‘ ‘ esimulationMociels )
ApproachVelocity ControlUnits ApproachVelocity | | MathematicalModelZ1 |
A
zabstraction: !
«mMDRE4 BR_Satizh: . =abstractions .
KPEﬁDrmEﬂCEZﬁ- "EE ____________ : ngRE“ER—VE”EF’
id = P4 i -
te_xt=The approach cverformanceTestCasas deﬁScena[imi
Ezlrafgy”;;the load shall Tem‘::ase ApproachVelocity ﬂ TestSenario#1 |
Remarks

= Improved impact analysis by using the extended traceability links
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Step 4: Create Analytical Models

* Modeling test case including violation monitor (VWDR, [schamai, 2010])
= Creating related mathematical models
= Link the mathematical model and test cases in the test scenario

«modelicaStateMachines ) Y
monitoring approaching velocity
hal
L . =
i
Monitoring approach velocity é
5

[ |diff] = e_allowed ] ﬁ g proporl‘iol';al'v‘ah‘eldh‘-ﬁ
£l m J
i - L All®e
ConLiits \r'u[.“—H 3(:| |T J,|
Hyd Frass | Be[

[dif] == e_allowed ] [ |diff] = e_allowed ]
v “ =] T
‘ not violated ‘ I
| Unset violated /entry | speed /;_?_r
. ,-" i T g
T -
Remarks Lol

» The vWDR method is applicable to our MDRE process

16/08/2011 | DC/ETI23 | Hongchao Ji | © Bosch Rexroth AG 2011. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution,
as well as in the event of applications for industrial property rights. Bosch Grou P




EOOLT 2011, Zirich

Step 5: Update Results of Verification

= Run the simulation

. . ID Description ?
= Update the Verify State in each P
. The approaching velocity of the
reqUIrement R1 load shall be 0.5 m/s. @
Monitaring recuirements R2 The maximum force of Cylinder can ‘
15 velocity not exceed 200 kN
Req. 01 is violated —R3 . .
I R3 The pressing velocity must not ®
105 —FRE exceed 10 mm/s
position
The cycle time shall not exceed
05 Req. 06 is violated R4 2755 o
oL RS '(I)'hzemr/eturnlng velocity shall be @
7 cMVs
Req. 03 is fulfilled The pressing position shall be 1300
—— | R6 . @
0 a5 mm, the allowable error is Imm.
Remarks

= Automatic update the Verify State is desired

16/08/2011 | DC/ETI23 | Hongchao Ji | © Bosch Rexroth AG 2011. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution,
20 as well as in the event of applications for industrial property rights. Bosch Grou P




EOOLT 2011, Zirich

Content

= |ntroduction

= Model Driven Requirements Engineering

» Case Study: Hydrostatic Press System

= Conclusion and Outlook

16/08/2011 | DC/ETI23 | Hongchao Ji | © Bosch Rexroth AG 2011. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution,
21 as well as in the event of applications for industrial property rights. Bosch Grou P




22

EOOLT 2011, Zirich

Conclusion and Outlook

Conclusions

= Engineering of industrial automation systems benefits from the MDRE
» Formal requirements modeling
» Standard modeling languages covering the whole development process
= Automatic verification process

* The enhanced SysML requirement constructs of the MDRE4BR profile
have been demonstrated by the case study

Outlook

* Finishing the implementation of the Modelica code generator considering
traceability links

» Integrated tool support for the whole process
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