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1 Introduction

1.1 Role of deliverable

The aim of this deliverable is to describe the public use case AUTOMOTIVE. The corresponding
workpackage WP307 can be seen as a common platform for discussions within the automotive domain. The
partners share challenges and experiences from the different automotive use cases and discuss
commonalities and possible collaborations. This means that the public use case AUTOMOTIVE is actually
not one single use case with a clearly defined scope. Instead, it will be a collection of experiences, solutions,
and best practices from the automotive domain.

Following prior experiences, it is not possible to come up with a common interoperability solution, which
provides a generally valid solution for all kinds of interoperability challenges. Instead, different kinds of
problems require different kinds of solutions. The public use case AUTOMOTIVE should reflect this fact and
result in a set of best practices and state-of-the-art solutions, which are demonstrated using examples from
the automotive domain. This will most likely not result in one coherent demonstrator, but a demonstrator
which shows sample solutions for clearly defined interoperability challenges from the single automotive use
cases.

This deliverable provides a first overview of the public use case AUTOMOTIVE, the process steps covered
by the different partners (the different partner use cases), and their main interoperability challenges.

One first demonstrator focusing on traceability between requirements and model elements is currently in
work and will be described in this first version of the deliverable.

Basically this deliverable can be seen as a living document which evolves throughout the project and results
in three deliverable versions:

1 vl Identified interoperability challenges:

0 The purpose of this first version is the introduction of the automotive domain, the scope of
the use case, and a description of interoperability challenges identified so far. This
deliverable will also describe a first design of the demonstrator.

M v2i Presentation of first results:

o0 The second version of the deliverable will present the harmonization of interoperability
challenges, first results, experiences, and further possible challenges identified in the course
of the project.

This includes a detailed description of the interoperability challenge incl. tools, artifacts, and
processes and a detailed investigation of additional aspects which have to be considered for
practical use (e.g. link consistency, version management, change management, variability,
functional safety, access restrictions, restrictions due to process, etc.)

Besides the detailed problem description it should also cover first implementation concepts,
including considerations what can be implemented using existing means (e.g. OSLC), what
can be implemented by extending existing means (e.g. extending or specifying an OSLC
domain, and which challenge requires a new solution.

1 V31 State-of-the-art solutions and best practice:

o The final version of the deliverable will show a set of best practices and state-of-the-art
solutions for the identified interoperability challenges.
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The CRYSTAL public use case AUTOMOTIVE Work Package (WP307) has the following major purposes:
1 Describe typical automotive challenges with respect to interoperability, safety, and variability in order to:

0 Support SP3 Use Cases refinement

o Identification and discussion of typical automotive challenges which can be provided as an input
for the I0S Working Group and SP6 Technical Bricks. This means that the challenges of the
different automotive partners will be consolidated in order to come up with more general
challenges.

1 Perform a prototyping of IOS Concept
0 To refine and validate the feasibility and value of the CRYSTAL interoperability approach
o Showing the main Aidead behind the CRYSTAL approa

1 Facilitate the presentation of CRYSTAL results in publications without facing IPR concerns (support
dissemination activities).

1 Support knowledge and experience transfer between all automotive partners. The use of the public use
case as a forum for discussion and transfer of experiences and know-how is an important aspect of this
workpackage. We experienced so far that the discussion of problems is very useful to understand and
probably solve these problems. Some partners have already participated in other projects, like CESAR',
MBAT? and iFest’, and can therefore share their experiences.

In the course of the project we have identified various similarities in the interoperability challenges. In the
next iteration of the project, we will discuss these challenges in more detail in order to find out if we can
consolidate the requirements. So far, we have seen that most partners struggle with the employment of
traceability. Nevertheless, the specific problems seem to be quite different, depending on the development
level, the applied processes, and the role of the partners.

1.2 Relationship to other CRYSTAL Documents

First of all, this document is mainly related to the use case description of the automotive domain:

1 D301.010 WP3_1 Use case definition

1 D301.021 WP3_1 Milestone Report - V1
1 D302.011 WP3_2 Milestone Report - V1
1 D303.011 WP3_3 Milestone Report - V1
1 D304.011 WP3_4 Milestone Report - V1
1 D305.011 WP3_5 Milestone Report - V1
1 D306.011 WP3_6 Milestone Report - V1

The document also covers aspects from SP6 and is therefore also related to D601.010 (State of the art T
Interoperability), D603.011 (Specification, Development and Assessment for System Analysis and
Exploration - V1), D605.011 (Specification, Development and Assessment for AUTOSAR Tools &
Components - V1), D610.011 (Crystal Variability Management - V1), D610.031 (Brick System Family
Engineering Framework - V1), D611.011 (Specification Development and Assessment for Software
Development Lifecycle Management - V1), D612.011 (Specification, Development and Assessment for

! http://www.cesarproject.eu/
2 https://www.mbat-artemis.eu/
3 http://www.artemis-ifest.eu/
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Validation Models - V1), and D613.021 (Development of the simulation model data backbone as described in
T6.13.1 - V1).

1.3 Structure of this document

This document is divided in 3 chapters, which focus on the introduction of the domain and the public use
case AUTOMOTIVE, some interoperability challenges, and the introduction of the demonstrator. The
descriptions in this version of the deliverable are very high-level and will be detailed throughout the project.

CHAPTER 2 - Use Case Description has two main parts:

The first part aims to give an abstract description of the public use case AUTOMOTIVE, its main purpose,
structure, and scope.

The remainder of this chapter will shortly introduce the individual partner use cases 1 they cover various
aspects of vehicle development.

CHAPTER 3 - Identification of Interoperability challenges:

This chapter introduces the interoperability challenges which have been identified in the partner use cases.
The current description is just a first very high-level introduction, which will be detailed in the next version of
the deliverable. The basic idea here is to collect a set of common interoperability challenges which should be
covered by the Crystal project.

CHAPTER 4 - Demonstrator prototype:

This chapter shows the first ideas for our first automotive demonstrator. It mainly shows the ideas for the first
iteration with an outlook on future activities. The scope of this demonstrator is the establishment of
traceability links between requirements and model elements for systems as well as software development.
This demonstrator will also evolve throughout the project.

CHAPTER 5 - Next steps:
This last chapter gives an outlook on the activities in the next phase of the project.
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2 Use Case Description

The goal of this use case is NOT the development of an integrated tool chain for the development of a
vehicle. Instead, we want to present the highlights of the six automotive use cases and as a result a set of
best practices. The automotive use cases cover different stages in the development of a car 1 from
powertrain design on vehicle level down to the development of microprocessors and software.

This means that this workpackage focuses on challenges arising throughout the entire V-model and
additionally some of the main aspects defined in the CRYSTAL project including system analysis (e.g. timing
analysis, requirement analysis), variability or variant management, functional safety, and traceability.

Figure 2-1 gives a high level overview on the scope of this use case. The 6 levels cover activities throughout
the development process and are investigated here in more or less detail. The picture is taken from [Kupper,
2011], but has been slightly adapted. Level 0 covers requirements and design decisions on a high level of
abstraction 1T the vehicle level. Level 1 targets the different vehicle modules (e.g. powertrain, chassis) and
on Level 2 we focus here on the different powertrain elements (e.g. Transmission, Engine, Battery). On the
next lower level the different elements are broken down in mechanical and E/E components. A control unit
further consists of hardware and software, which are depicted in Level 4. Level 5 finally breaks the software
system down to single software components.

Orthogonal to this description there are important aspects such as Traceability, Variability, System analysis,
and Functional Safety. All these aspects span across the various levels and will be considered in the use
case at least at one level.

The illustration additionally shows which use case covers aspects of the different levels. The concrete
content of the single use cases is described in the remainder of this section. The corresponding
interoperability challenges will then be shown in Section 3.

Level 0— UC3.4a- AVL
Vehicle
/ \ 3
w
—
i )
Level 1 —Powertrain Chassis H UC3.30/UC3 40 AVL 3
System >
s |2
=]l b=
= 1ae
Level 2 — e 21z 12 14
. ICE Transmission Battery E-Motor = N I
Powertrain element ) o
sz 12 |8
Ll =3 o
/ \ wlz IT | =
)] —
_Volvo — | 00 s <
Level 3~ Sca2- pammier Zls |3
Powertrain component Mechanics XCU | vess-cee =1z =
UC 3.6 - Valeo 5 FB.
-+
a
=
Level 4 - UC3.3b - IFX-UK L N Ucan avir o
Control System HW SWS :
Level 5 — SW-Comp UC3.4b- AVLR

) Software Component

vYy vy

Figure 2-1: Vehicle development phases (based on [Kupper, 2011]) including the use cases which cover
aspects of this level
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2.1 Vehicle and Powertrain System Level

Vehicle level here covers everything from vehicle conceptualization down to powertrain engineering. Two
use cases cover different aspects at vehicle level. Use Case 3.3 aims to increase quality and efficiency of
powertrain systems & safety activities by applying model-based systems engineering (MBSE). Use Case 3.4
focuses on testing aspects. Details of the two use cases are given below.

2.1.1 Classical V-model aspects

Since several decades, the prominent V-model (suggested by Barry Boehm in the year 1979) is present in
the automotive industry and represents the typical stages of vehicle manufacturing and the validation of
these processes. A V-model has typically a central development entity, whose creation, developing, and
manufacturing it is all about. In case of the automotive industry and according to our use case, this
development entity is a vehicle. Figure 2-2 illustrates a typical V- model as applied in the automotive
industry.

7

Building a vehicle

Requirements {4
Specification

Vehicle :
conceptualization

Module conceptualization [ ) -'; Module test

(Engine, Powertrain and 1 a (Engine, Powertrain, Chassis)
Chassis)

System
Validation &
Verification

6) Integration test

Implementation

Figure 2-2: Classical V-model applied on the topic of building a vehicle

Based on a set of vehicle requirements, an engineer creates an overall vehicle concept (maybe based on
previous projects with similar requirements). Then, a team of engineers continues with the conceptualization
of the subparts (such as engine, powertrain, and chassis) followed by the development of concepts for even
more details and so on. After the implementation of the concepts, first the modules are tested against their
particular concept specification. Then they are integrated step-wise, which goes along with corresponding
integration tests. Finally, the original requirements of the resulting vehicle are verified.

The additional aspect of virtualization of the vehicle and/or its components (i.e. by the use of simulation
models) introduces more variants of this classical representation of a V-model for vehicle development.
These simulation models enable the validation of certain design decisions already at an early stage i this is
also called development frontloading. Development frontloading enables early comparison and validation of
different designs. Independent of that, the goal of or the story behind these models is the same: Building a
vehicle. A possible enhancement of the V-model illustrated above in form of a so-called W-model is
illustrated in Figure 2-3:
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\Iehige and System
module simulation
. Validation &

e [ 7/ Verification

Specification
. Integration testin
real environment

Vehicle a
conceptualization

Integration test
(Engine + Powertrain)

Module conceptualization . { ’ Module test

(Engine, Powertrain and \ " (Engine, Powertrain, Chassis)
Chassis)

Implementation

Figure 2-3: Early verification through frontloading

Figure 2-3 shows that requirement validation and verification becomes possible already at the vehicle or
module conceptualization phase (2 and 3) by vehicle and module simulation (2a and 3a). For simplicity, we
distinguish by now between three elementary vehicle modules: engine, powertrain, and chassis, because
they are in the focus of the respective use cases 3.3 and 3.4. During module conceptualization, these
modules are specified through design, parameterization, and calibration in an iterative simulation and test
cycle. During these iterations, modules are specified at an ever more detailed level, e.g. by separating the
engine model into two models, whereas the first one covers the physical aspects of the engine and the
second one is a model of the engine control unit.

Through this stepwise refinement, the implementation phase (4) finally results in real physical components
(engine, powertrain, chassis, control units, etc.) and software that runs on the control units (and may be
automatically generated out of the simulation models).

These components and software units need to be tested in concrete module tests (5) according to the given
requirements. In addition, intermediate integration tests may be added (5b), which combine for instance
engine and powertrain testing, but still include a rest vehicle simulation of those parts that are not physically
present in the particular testing scenario. In both scenarios additional equipment is needed to test the
physical components, i.e., a so-called test bed. This test bed needs to be configured according to the vehicle
requirements as well.

Development phase (6) is a full integration test. This test is accomplished with the use of a test bed as well
and the environment of the vehicle (driver, street, weather conditions, etc.) still needs to be simulated. In
order to overcome this simulation, so-called in-vehicle tests are performed, where a real driver is steering the
vehicle on a real road and the testing equipment is built directly into a car (6b). This final test phase leads
then to the system validation and verification (7) according to the given requirements.

Use case 3.3 focuses on the development of new powertrain solutions and the performance of system,
safety, and requirements engineering activities based on existing solutions driven by specific vehicle goals
and performance criteria. This means that this use case is mainly concerned with the left-hand side of the V-
model including Step 2a and 3a. Respective safety information (1ISO26262) is additionally required for the
item definition (e.g. hazard and risk assessment, elicitation of safety goals etc.) early in the requirements
analysis phase. In the next phase, the requirements will be modelled and analysed in more detail resulting in
a model-based user requirements specification including a preliminary architecture definition in SysML as a
basis for all following requirements engineering activities.

The verification of the architecture and operation / control strategy (2a and 3a) is supported by vehicle and
powertrain simulation (i.e. AVL InMotion & Cruise). One important step focuses on the collaboration and
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communication of requirements to discipline and development specific teams i locally distributed over
several countries. PLM tools (e.g. PTC Windchill) support this activity including the investigation, further
breakdown, and detailing of these specific requirements with a tight integration of a model-based system
development approach (sub-system / component specifications) embedded within the PLM environment.
ALM tools (e.g. PTC Integrity) support the software development process and therefore requires a tight
integration to the PLM tool. Especially to support traceability and change management a mapping of
functional requirements structure on a product structure is required. Since both structures are quite different,
this introduces another interoperability challenge, which will be described in Chapter 3.

2.1.2 V-model aspects for Systems & Requirements Engineering

Figure 2-4 outlines the methodology of Requirements Engineering within system design as applied in UC3.3.

Traditionally, requirements engineering focuses on the definition and development of requirements based on

the customerd éwants & needs6 at t he beginning of the atebledinmipgpent pr
each development generation. It describes the process of developing, cascading, and describing
requirements of the system under development based on goals and targets (i.e. performance criteria,
attributes, etc.) and the allocationoff eat ur es/ functions to el ements/ compone
from different sources such as e.g. OEM/customer, legal standards/regulations, and the requirements
engineering process itself (generation of requirements). Requirements management is the process of

tracking and handling requirements throughout their lifecycle and focuses on the communication of
requirements among all stakeholders (customer, supplier & internally) including the tracking of changes and

impacts along the entire development process.

The initial point in this development process is the customer input, mainly in terms of use cases describing
the system under development. Additionally vehicle goals, performance criteria, and/or technical boundary
conditions serve as a base information for the derivation of technical requirements. These are further split
down into functions/features, as well as the vehicle sub-systems, elements/components, legal requirements,
state of the art requirements, environment requirements, and quality/process requirements. Furthermore,
according requirements are specified for each level, which serve as an input for all subsequent development
activities. This basic methodology follows the V-Model development approach (see Figure 2-4) that is
applied within the development process for every development generation with increasing maturity of the
system under development.
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Figure 2-4: System & Requirements Engineering Method Overview

Requirement document vs. Specification

Requirements engineering is one of the main activities in system and software design. As mentioned before,
requirements on one level are the basis to derive according solutions (in terms of architecture, i.e.
components & functionality) for the following downstream level. This means that the developed solution
satisfying the defined requirements is also the basis for the derivation of additional requirements on a more
detailed level. This is an iterative step starting at vehicle / use case level down to hardware and software
component level. The methodical approach is always the same, however different development teams with
individual software tools and specific engineering methodologies are involved. Therefore two types of
documentation are required as illustrated in Figure 2-5:

Description of requirements across the different levels in Requirements Documents:

f Requirement

T Requirement
fPowertrain Systemo
f Requirement

T Requirement
ACE Oil Circuitd

1 Requirement Docume n t
(TSC) ACE Crankcaseo0

D Braductd e evg. Te€haical Speiifiaction of Product (TSP) iVehicled
D Bystermmoé Rraductdioerg. Tedhnical Specifiaction of System (TSS)

D Blememtoé B.¢). Tefchmical Spetifiaction of Element (TSE) ACEO
D Bystenmoé Elemenfod e.g. Teéhnical Specifiaction of System (TSS)

Gomponentdiin Elementdi e.g. Technical Specifiaction of Element

The responsibility for the creation of these specifications differs depending on project type and scope. In
general, system development teams are responsible for fproductdoand feystem of productg as well as partly
forthes peci f i c atlementd(fa ¢élemertseheré may be an overlap with other engineering
disciplines). The creation of fsystems of elementsdand ftomponents of elementsodare in general within the

responsibility of element teams.
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Figure 2-5: Requirements document vs. Specification

Requirement documents and specifications include information in order to understand the dependency
between:

1 Requirement & Solution by knowing/understanding which architectural element is allocated to the

specified requirement (and respectively will satisfy the requirement). This is depicted in the
requirements document.

1 Requirements among each other by knowing / understanding potential effects of changing an
individual requirements --> Impact/Traceability Analysis. This dependency is specified in the
Requirements Management Tool by defining which downstream requirements are decomposed from
an individual requirement (and vice versa which requirements decompose to from an upstream
requirement). This is described in the specification.

The described requirement engineering approach also supports related activities in terms of functional
safety. Each E/E-System that is able to cause failures which can harm people in the top level system is
called safety relevant system. This classification is usually done by the customer. The customer provides the
already identified safety-critical architectural elements, or at least the already analyzed safety goals. A safety
goal is a top level functional safety requirement (e.g. avoid unintended torque). Based on the specified safety
goals quantitative safety analysis shall be started by the system safety developer/functional safety manager
to identify failures caused by the item under development that are able to lead to a violation of the specified
safety goals. This analysis shall be done on each level of development (Level 0 i Level 5) that is within the
scope of the project. The next step is to specify safety measures/safety mechanisms to avoid, mitigate, or
handle the identified safety-critical failures. These safety measures/safety mechanisms shall be specified by
functional safety requirements, technical safety requirements, and process. Each safety-relevant
requirement inherits a safety integrity level that depends on the use case of the system.
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Figure 2-6: Requirements Engineering & Management Activities

Figure 2-6 outlines the main Requirements Engineering and Management activities. The following table
(Table 2-1) outlines the individual activities incl. required general input and generated output information.

Activity Name

Input

Task

Output

Requirements

Customer fvants &

benchmar k é

Identification and

Collection of relevant

Elicitation needso such as e.g. collection of relevant | content to serve as input

Discovery system goals, | input that is required | to develop requirements
development targets, | © start the | incl. open questions to
technical and | Requirements be clarified with
organizational Engineering process | customer i basic
boundaries (e.g. | at project start customer R
project plan), known
contract,

Requirements Collection of relevant | Analyzing input in | Structured collection of
Analysis content order to understand | customer input incl.
Negotiation the meaning and | sources, stakeholders
purpose of the | and answers to open
content. This | questions clarified with
includes e.g. | all stakeholders
questions,
discussion,
negotiations,
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detailing etc. in
order to translate
the information into
a company-specific
language

Requirements
Specification
Documentation

Structured

input

and
understood customer

Documentation  of
customer input and
deviation of further
requirements (as
the main technical
activity of the
Requirements
Engineering
process).

All  requirements are
documented and
described in
Requirements
Management Tool (PTC
Integrity) according to
RQ Meta model incl.
rational, acceptance
criteria, and traces.

Documentation  of
RQOd s is t
Requirements
Management

(PTC Integrity)

Validation in terms

Tool

Requirements I ntended Statement that

Validation (e.g. specification, | of checking that the | proposed solution will
simulation model, | system under | meet requirements
etc.) development will | verified by e.g. review,

result in a solution | simulation, etc.
that meets customer
wants, needs &
requirements
Requirements Devel oped f Verification in terms | Documented test results

t hat t he
fulfills the specified
requirements
verified through
testing / V&V

Verification to proof that solution

fulfills requirements

Table 2-1: Overview of Requirements Engineering Activities

Note: This is NOT a strictly sequential description of activities with respect to the development process. It is
an overview of required activities that may take place in parallel, by one or more roles/persons and be
repeated/detailed as required by the project scope.

2.1.3 Testing V-model aspects

The overall goal of the public use case is to build a vehicle. Testing is an important aspect for all
development stages i including the vehicle level. Applying appropriate test methods, devices, and tools
throughout the development processes is essential. Adequate testing procedures, techniques, and
environments finally should verify the given vehicle requirements. UC 3.4 especially focuses on these testing
aspects.
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In addition to the given vehicle requirements, specific testing requirements enhance the list of requirements.
These requirements are based for instance on a certain testing specification such as the WLTP*. Such
specifications define concrete test-runs, the accuracy of measurement devices, formulas that have to be
applied for measurement result analysis, and so on. The needed test environment (test bed including
measurement devices, test-run input vectors, calibration variables, etc.) is then derived from these testing
requirements as well.

The concrete configuration of this test environment depends then on the concrete position within the V- or
W- model for building a vehicle (see Figure 2-3). For instance, for early simulation phases, simulation models
(e.g. for control software and virtualized physical vehicle components such as engines, etc.) are fully
sufficient, whereas after the implementation phase, various test bed settings are required for a stepwise
substitution of simulation models by their physical counterparts. Furthermore, the selection of development
and testing tools may differ as well, because tools are often more specialized for a certain development
phase. In other words: Every testing phase may come up with its own tool set. It is one key challenge to
share data across these development and testing phases.

Setting up test environments is a complex task and needs to be easily adaptable to the requirements of the
current position in the development process (i.e. the V/W-model) including additional boundaries (or testing
requirements) coming from specifications such as the WLTP.

This means that besides the vehicle and model conceptualization and implementation on the one hand (left
side of the V-model) and the actual test case execution, system validation and verification on the other hand
(right side of the V-model), a lot of knowledge and efforts have to be spend on test case conceptualization
and implementation as well. One may say that this test case conceptualization and implementation is a
further sub-development step of the overall assignment of building a vehicle. Depending on the concrete
position in the V-/W- model, however, a particular test case conceptualization and implementation has its
own selection of testing processes and techniques in form of testing tools and methods as stated above.
Therefore, testing a vehicle is a development task by its own and can therefore be represented by a
separate V-model. In contrast to a classical automotive V- or W- model focusing on building a vehicle, an
alternative V-model that focuses on testing a vehicle would look as illustrated in Figure 2-7.

Figure 2-7: V-model for the testing process

* WLTP stands for World-wide harmonized Light duty Test Procedure and is currently available as a draft
that will lead to a standard specification for emission legislation in the automotive domain in the near future.
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