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1. Executive summary

The BEMO-COFRA project aims to develop an innovative distributed framework which allows
networked monitoring and control of large-scale complex systems by integrating heterogeneous
smart objects, legacy devices and sub-systems, cooperating to support holistic management and to
achieve overall system efficiency with respect to energy and raw materials.

The purpose of this deliverable is to give a systematic formalization of an initial set of scenarios,
relevant stakeholder requirements and sub-system requirements. The scenarios were the base to
elicit the requirements and these requirements will guide the developments in the common source of
user requirements for the BEMO-COFRA consortium.

Using scenarios is a powerful approach to keeping a human-centred focus throughout the
application specification process, and to allow early user involvement. A scenario is an acknowledged
way of communicating the vision of a particular system, as well as to explain and document
requirements. Creating scenarios of end user behaviour and interaction with platform functionality is
an extremely useful instrument for identifying key technological, security, socioeconomic and
business drivers for future end user requirements. The scenarios provide a vision framework for the
subsequent iterative requirement engineering phase.

The User Scenarios have been developed following a 2-day User Scenario and Requirement
workshop in Recife, Brazil, and a follow-up workshop in Bonn, Germany. The user workshops were
focused on context of use, benefits of support by the future BEMO-COFRA platform, and user
requirements.

This deliverable presents two user scenarios: a Brazilian User scenario and a European User
Scenario. Only the Brazilian User Scenario will be implemented and user requirements will thus been
elicited from only this scenario. This scenario is set in the context of the body welding and assembly
line of a car manufacturer. It focuses on three areas or themes: 1) Layout and configuration, 2)
Operational monitoring and maintenance, and 3) Consumption measurements.

Requirements will be documented using the Volere Scheme as this has proved an easy and useful
tool for creating and tracking requirements. In BEMO-COFRA, we define 3 overall groups of
requirements and subsystem functionality:

e Functional requirements: What is required from different user perspectives?

e Business requirements: What is required to live up to business needs and how will current
business practices be supported?

e Efficiency requirements: What is required in terms of energy and raw material efficiency
improvements (which include the formulation of a set of business policies)?

As the BEMO-COFRA project has adopted an evolutionary requirement engineering, specification and
design methodology, there will be two iteration cycles during the project’s lifetime. The iterative
approach allows us to refine and update requirements based on user evaluation and validation. The
present deliverable thus represent the, as its title suggests, initial requirements and a first official
(although internal) update will be presented in the internal working document WD2.2 Updated
requirements report planned for release in M7.
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2.1

2.2

Introduction
Purpose, context and scope of this deliverable

The purpose of this deliverable is to present the User Scenarios and its relevant stakeholders. From
the User Scenario an initial list of user requirements and sub-system requirements will be elicited.
These requirements will guide the developments in the common source of user requirements for the
BEMO-COFRA consortium. The scenarios and the list of requirements in this document reflect the
work performed in task T2.2 Manufacturing Scenario and Requirements Specification. The Brazilian
scenarios and requirements were emerged from one workshop conducted with representatives from
the car manufacturing domain and partners of BEMO-COFRA project. European scenarios and
requirements were reused from the ebbits project, which one of the domains is the manufacturing
domain as the BEMO-COFRA project.

This deliverable is organized as follows:

e Chapter 3 describes the methods and principles applied for the user-centred development of
software in general;

e Chapter 4 describes the Brazilian and European user scenarios for BEMO-COFRA project in a
visionary future of 5 years;

e Chapter 5 lists the initial set of functional, non-functional, efficiency and business
requirements for BEMO-COFRA platform in Brazil and reuse the ebbits requirements for
BEMO-COFRA platform in Europe;

e Chapter 6 provides a conclusion focus on the next steps.

e Appendix A illustrates the complete initial requirements in a table that follows the Volere
template.

Background

The BEMO-COFRA project aims to develop an innovative distributed framework which allows
networked monitoring and control of large-scale complex systems by integrating heterogeneous
smart objects, legacy devices and sub-systems, cooperating to support holistic management and to
achieve overall system efficiency with respect to energy and raw materials.

The BEMO-COFRA features a Service oriented Architecture (SoA) and a middleware able to expose
smart objects, legacy devices and sub-systems’ capabilities by means of web services thus
supporting syntactic and semantic interoperability among different technologies coexisting in the
overall monitoring and control framework. Wireless Sensor and Actuator Network (WSAN) devices,
legacy sub-systems and devices will thus be able to interact and cooperate, orchestrated by a
manager in charge of enforcing a distributed logic with the overall monitoring and control network.

BEMO-COFRA reuses the results of the well-reputed Hydra IP and Pobicos STREP and the recently
started ebbits IP featuring a Service Oriented Architecture (SOA) and a middleware able to expose
smart objects, legacy devices and sub-systems’ capabilities by means of web services. Syntactic and
semantic interoperability among coexisting technologies in the overall monitoring and control
framework is made available.

The integration of heterogeneous smart objects, legacy devices and sub-systems will achieve overall
systems’ efficiency with respect to energy and raw materials and support holistic management. The
BEMO-COFRA project will address both technological aspects and user needs to promote a wider
adoption of large-scale networked monitoring and control solutions.

Document version:1.0 Page 5 of 43 Submission date: 31 January 2012



BEMO-COFRA D2.2 Initial Requirements Report

3.1

User Centred Design Procedure

An essential property of the User Centred Design approach is that it has to be adapted to the
specific requirements of the respective project. Requirements are descriptions of how the system
should behave, application domain information, constraints on the system's operation, or
specifications of a system's property or attribute. This chapter gives an overview on how the
standard procedure has been instantiated and adapted to the BEMO-COFRA project.

User Centred Design Methodology

User centred design is a project approach that puts the stakeholders of a product or a system at the
centre of its design and development. User centred design seeks to answer questions about users
and their tasks and goals, such as “who are the users of this product/system/service?”, “what are
user tasks and goals?”, “what functions do users need from this product/system/service?”. The
answers to these questions are then used to drive development and design. That is done by
involving and talking directly to key stakeholders during the course of the project, starting from its
very beginning, in order to assure that the product/system/service will deliver the foreseen
requirements.

The standard ISO 9241-210 “Ergonomics of human-system interaction -- Part 210: Human-centred
design for interactive systems” (ISO 9241-210:2010) which is a part of the multi-part standard I1SO
9241 and a revision of the withdrawn ISO 13407 "Human-centred design processes for interactive
systems" (1S013407:1999), outlines four essential activities in a user-centred design project:

1. Requirements gathering - Understanding and specifying the context of use
2. Requirements specification - Specifying the user requirements

3. Design - Producing design solutions

4. Evaluation - Carrying out user-based assessment of the product or system.

The first two phases consist of the collection of requirements through end-user involvement in
workshops and interviews. In these phases one of the core tasks is to negotiate and facilitate the
communication across the well-known user-developer gap while acknowledging the different forms
of expression and different requirements on each side.

The user-centred design process reflects an iterative process with no sharp start and end points:
eliciting the ‘context of use’ requires intensive user involvement continuously for the whole duration
of the process, and the requirements elicitation likewise extends well into the design proposal phase.
There are four essential human-centred activities recommended by the ISO standard (ISO-9241-
210):

1. to understand and specify the context of use

2. to specify the organizational and user requirements
3. to produce design solutions

4. to evaluate design regarding requirements

The human-centred design approach implies an iterative life cycle in a project. Iterative cycles allow
advancing from specification to implemented prototypes, from experience and evaluation to
improved specifications and improved prototypes. A system is perceived as a socio-technical system,
i.e. the novel technology is a fit between a technical system and its usage (Emery &Trist., 1960).
The design proposals are based on the current understanding of the context of use. These proposals
provide an idea on how to meet identified or assumed requirements. The evaluations of the design
proposals yield a richer understanding of the context of use and new or modified requirements and
thus guide the evolutionary improvement of the design.
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3.2

3.2.1

3.2.2

The Adopted Approach in BEMO-COFRA

BEMO-COFRA has adopted evolutionary requirement engineering, specification and design
methodology, which complies with the following broad template for each iteration:

e User requirements engineering and refinement

e Architecture design specification and refinement

e Enabling technologies research to implement architecture
e Prototype development, system integration and testing

¢ Conformance testing, usability validation

e Lessons Learned and change analysis.

The specific methodologies that have been used include evolutionary design and refinement re-
engineering. Lessons learned as the project progress, will be used to adjust initial requirements
incorporating emergent requirements. The project partners will be continuously informed of the
requirement engineering process in order to enable the necessary and timely modification of design
specifications and possible re-engineering of affected modules.

The methodology calls for comprehensive iterative requirements and stakeholder analysis based on
initial requirements gathered from scenario thinking. These requirements would encompass the
needs and priorities of the users, as well as the business and efficiency requirements. In order to
begin to elicit these initial user requirements, a comprehensive user scenario has therefore been
developed in close cooperation with the user, Comau Brasil (Chapter 4).

User Scenarios

A scenario is an acknowledged way of communicating the vision of a particular system, as well as to
explain and document requirements. Creating scenarios of end user behaviour and interaction with
platform functionality is an extremely useful instrument for identifying key technological, security,
socioeconomic and business drivers for future end user requirements. The scenarios provide a vision
framework for the subsequent iterative requirement engineering phase.

Scenarios are part of the system specification; they explicitly deal with the usage of a technical
system, the context of use, and the allocation of function between the technical system and human
users. Later, when a prototype is available, end users can try it and gain personal experience with
the system. Iterative cycles allow advancing from specification to implemented prototypes, from
experience and evaluation to improved specifications and improved prototypes.

In BEMO-COFRA the user scenario in Chapter 4.1 was developed in close cooperation with the user,
Comau Brazil, and the other project partners. A scenario for the European case is also presented in
this deliverable (Chapter 4.2) but it is important to note here that only the Brazilian scenario will be
implemented in BEMO-COFRA. Thus when discussing user requirements we are concerned with the
Brazilian case only unless otherwise explicitly noted.

From the scenario a systematic formalisation of all relevant user requirements and subsystems
requirements will be derived. This process has started already and will be continuously updated.

User Workshops

A 2-day User Scenario and Requirement workshop in Recife (5-6 December 2011) was organised in
order to discuss the state of play and visions for BEMO-COFRA with the users. The workshop was
useful because it allowed users and developers to discuss ideas and questions and to come to a
common understanding of the visions for the BEMO-COFRA platform that will be installed and
validated at the user site in Belo Horizonte, Brazil. During the workshop the basic outline of the user
scenario was defined which was then later been refined and validated by Comau.

As a part of this refinement process, a workshop in Bonn (26 January 2012) was organised at FIT in
Bonn, Germany between FIT, INJET and ISMB. COMAU participated via Skype. This workshop
allowed partners to clarify outstanding issues and questions in relation to the scenario, stakeholders
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3.3

3.4

and the requirements elicitation process and definition. The results from this workshop will be used
to elicit the initial technical requirements which will feed into the first cycle.

The resulting user scenario is presented in this deliverable in Chapter 4.1.

Derivation of Initial Requirements

The procedure for the initial requirement elicitation has been selected according to the overall
philosophy of the iterative requirement engineering which foresees an engineering process of initial
requirements and an iteration cycle to be performed after the first year in the project. The specific
methodology includes evolutionary design and refinement engineering. Furthermore, the
evolutionary design allows requirement refinement to obtain an accurate match with the real needs
of each stakeholder.

The aim of this procedure has been the achievement of a systematic formalisation of all relevant
stakeholder initial requirements and the initial requirements for the BEMO-COFRA platform, mainly
based on the outcomes of a 2-day User Scenario and Requirement workshop in Recife (5-6
December 2011) and a workshop in Bonn (26 January 2012) to refine the scenario and discuss
requirements (see above). Input to the scenarios and this initial requirement elicitation phase also
came from the general project, technical meetings and the deliverable D2.1 State of Play in the
Production Monitoring and Control Systems.

In BEMO-COFRA, we define 3 overall groups of requirements and subsystem functionality:
e Functional requirements: What is required from different user perspectives?

e Business requirements: What is required to live up to business needs and how will current
business practices be supported?

e Efficiency requirements: What is required in terms of energy and raw material efficiency
improvements (which include the formulation of a set of business policies)?

Functional requirements give the specification of the product's functionality, derived from the
fundamental purpose of the product, whereas non-functional requirements are the properties of the
product, the qualities and characteristics that make the product attractive, usable, fast or reliable.

Non-functional requirements can be grouped according to following subcategories:

. Look and feel requirements (intended appearance for end users)

o Usability requirements (based on the intended end users)

. Performance requirements (how fast, big, accurate, safe, reliable...)

. Operational requirements (what is the intended operating environment?)
. Maintainability and portability requirements (how changeable it must be)
. Security requirements (security, confidentiality and integrity)

. Cultural and political requirements (human factors)

. Legal requirements (conformance to applicable laws)

Of course look and feel, usability and cultural requirements are of only secondary relevance for the
assessment of requirements for a software platform, but are nevertheless important for the
assessment of qualities and aspects of the user interfaces to be developed.

Description and Organization of Requirements

The workflow to ensure that all necessary details and procedures in the Volere Schema are adhered
is complex enough so that we decided to support this process with the use of a tool for all partners
within the project. Based on different partners’ experiences with different tools, it was decided that
JIRA is the most suitable tool. JIRA is a web based bug tracker that allows implementing and
tracking the workflow of the Volere schema. All partners in BEMO-COFRA have been given access to
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JIRA with a unique username and password so that they can create requirements. Figure 1 shows
the screenshot of JIRA that appears when selecting “Create a hew requirement”:

X hitps://hydra it fraunhofer.de/jira/secure/ Crestelssue jsps’ O ~ @ B & X | ' Create lssue - Fraunhofer Fl.. %

(¢ 9

File Edit View Favorites Tools Help
) v B ~ 0 & v Pagev Safety~ Tooks~ @~ & [
YRR Trine Fuglkjeer Sorensen | +

Dashboards | v  Projects v -+ Create Issue

Create Issue
Enter the details of the issue...
Project BEMO-COFRA

Issue Type: Volere Requirement

" Summay:
A ne-sentence description of the ntention of the requirement

o
" Requirement Type: | Please select..[»] | [+]
Componentis: Unknown

Workpackage: | None =]
Associsted W

Friority: [ Major [+] @

Rafionale:

Why is the requirement considered important or necesss:

" Source:

WWho raised this raquirement?

* Fit Criterion:

Customer Salisfaction.

Customer Dissatisfaction:

Bug tracking, issue tracking and project management software powered by Atlassian JIRA (v4.0.2#472) | Report o problem | Request o festure | Contact

Figure 1: Screenshot of JIRA when creating a new issue (requirement).

The requirements are entered to JIRA. JIRA ensures that always two persons control the quality of
the requirements. One person (the “Reporter”) enters the requirement to JIRA, whereas another
person controls (“the Assignee”) and passes the requirement through the quality gateway. You can
see the roles of “Reporter” and “Assignee” in the screenshot of Figure 2 below. Each requirement
tough has a reference to the work package it relates to and to the component of the middleware or
the respective quality or attribute of a component that it describes. It is obvious that this helps
structuring the requirements.

The requirements are also prioritised. Priority is a very important field that defines the relevance of
this requirement in relation to the other requirements. It allows classification of the specified
requirement in five categories: "Blocker", "Critical", "Major", "Minor", and "Trivial". The rating must
be carefully assigned and is the last step of the requirement specification before it passes the quality
check. The priority of a requirement is based on several important aspects included in the Volere
schema:

e The source defining if this requirement was raised by primary or secondary stakeholders [the
latter less important], or by discussion within the consortium, by vision and technical scenarios or
the DOW.

e The assessment of customer satisfaction and dissatisfaction if this requirement is achieved
respectively missed.

e The estimation if the requirement is within the scope of the project.

e The component that the requirement is associated to.

Figure 2 below shows a screenshot of JIRA with one open requirement:
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Y’ https://hydra fit fraunhofer.de/jira/browse/BEMOCOFRA-1: O ~ @ & C X | ¢ [#BEMOCOFRA-13] BEMO-... X

File Edit View Favorites Tools Help

%~ B -0 @ v Pagev Safety~ Tooks~ @~ §N N

*"M Trine Fuglkjeer Serensen ! v
Dashboards| v Projects v RESTESEEd

+ Create Issue

Issue Details (XML | Word | Printable)
BEMO-COFRA

Key: BEMOCOFRA-13 T . L . ; ; <A Return to search
R “ BEMO-COFRA system should provide network on robt under high level of interference Issue 31 of 43 issue(s)

Type: [£) Volere Requirement | | created: 13an/12 0559 PM Updated: 13Jan/12 05:59 PM << Previous | BEMOCOFRA-13 | Next >>
SERE 8§ Creo Component/s: None
Priority:  ® Major .

Affects Version/s: None
Assignee: Claudio Pastrone

Fix Version/s: None
Reporter: Gonzalo Alcaraz
Votes: 0

Time Tracking: Not Specified
Watchers: 0
Available Workflow Actions

quil Type: Functional

O Pass requirement through
quality gatewa: Workpackage: WP4 Large Scale Wireless Sensor and Actuator Networks
O Reject Rationale: Interference could increase the BER and packet loss, which could result in loss of important information
Operations Source: Scenario Vision
e — Fit Criterion: The system should guarantee network connectivity despite the environment interference
O Clone this issue Customer Satisfaction: high
] Comment on this issue Customer Dissatisfaction: high
O Edit this issue
O Link this issue to another issue
O Voting All Comments Work Log Change History Activity Stream Sort Order. 8
You have not voted for this issue.
Vote for it if you wish it to be fixed There are no comments yet on this issue
0 Watching

You are not watching this issue.
Watch it to be notified of changes

0 You don't have permission to
wark an this issue

Figure 2: Screenshot of JIRA with one requirement.

The summary of a requirement contains a one-sentence description of the requirement. The
description is the intent of the requirement and should be clear and brief.

The rationale of a requirement expresses the reason behind the requirement’s existence. The
rationale provides the reason why the requirement is important and the contribution it makes to the
product’s purpose. The rationale contributes to the understanding of the requirement.

The Fit Criteria is the most important field. Fit criteria are the quantified goals that the solution (i.e.
the realization of the requirement) has to meet. This field describes how to determine if the
requirement is met. It should be written in a precise quantified manner. The fit criterion sets the
standards to which the developer constructs the product.

In order to express dependencies and conflicts among requirements, JIRA allows the definition of
links between two requirements by choosing the demand "Link this issue to another issue" under the
menu "Operations” (see Figure 2, left hand side of the screen). In addition, the links between two
requirements can be named specifying then nature of the link.

It is also possible to edit requirements and add comments (by choosing “Edit issue” in the left hand
menu). Figure 3 demonstrates the edit mode in JIRA:
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dra.fit fi

hofer.dejira/sec O - @ B C X | Editlssue: [BEMOCOFRA-L...

Tools Help

-8 - Pagev Safety~ Tooks~ @~ N [
Dashboards: v  Projects| v
Issue Details
Summary: Edit Issue
'BEMO-COFRA system should
provide network communication Use this form to edit the fields of this issue. You can optionally add a comment at the same time explaining your changes.
robusiness under high level of * Symmary: BEMO-COFRA system should provide network commurnication robusiness under high level of inerference
interference A one-sentence description of the imtention of the requirement
Key: BEMOCOFRA-13
g e e * requrement Tye: |Funcional  [7]| [7]
Type: [R Volere Requirement
e o Open Component’s:  Unknowin
Priority: ¥ Major Workpackage: | WP4 Large Scale Wireless Sensor and Actuator Nel\'forksm
Assignee: Claudio Pastrone AasocissT
Reporter: Gonzalo Alcaraz Priority. | Major [«] @
Nore L “Rationsfe: TnTerfevence could increass the BER and packet 1035, which could result in loss of important information
Watehers: 0 =
\Why is the requirement considered important or necessary”?
Source: Scenaric Vision
F#t Griterion: The system should guarantee network connectivity despite the environment interference
Customer Safisfaction: [ high =
Customer Dissaisfaction: | nigh
‘Change Comments:
Comment: (an optional comment describing this update)
Comment t:
Figure 3: Screenshot of JIRA with a requirement in the edit mode.
3.5 Requirements Analysis and Refinement Phase

Once all requirements have been shaped according to the Volere schema and collected in a common
database, a phase of requirements analysis has to be performed. In this phase, a quality control is
performed for all requirements. Involved people/partners have the possibility to decide which
requirement will become part of the final set and which has to be revised. In this latter case, a
feedback to the reporter of the requirement is provided. The quality control is performed by
processing requirements along the steps of a workflow which is the schema representing the
movements (or transitions) of a requirement through various statuses during its lifecycle.

The foreseen requirement workflow is structured in the following way. When a requirement is
inserted in the common database for the first time, its associated status is “open”. If it is complete
and unambiguous and all its fields are properly filled with the right values, then it passes the quality
check, otherwise it fails. There are several reasons for failing to pass the quality check:
incompleteness, ambiguity, some fields filled with meaningless values, loss of sense. If the
requirement fails the quality check the reasons are sent to the reporter who can correct and update
it and re-pass it through the quality check. If the check fails again the same procedure described
above is repeated. Eventually all requirements will pass the quality check. That means that they are
complete and all fields are filled with proper values. Requirements that have passed the quality
check can no longer be edited.

The last step of requirement refinement involves deciding whether a requirement becomes part of
the specification or not. A requirement may not be part of the specification if it is a duplicate, or out
of scope of the project. When a requirement has been labelled as “part of specification”, “duplicate”,
or “rejected”), its status is “resolved”.

Below is a picture of the proposed requirements workflow:
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BEMO-COFRA Requirements Workflow in
JIRA

Open —l" = smppopess
1)
t

r~¢ Reopened [------------;----------------

L]

---+ In Progress

Figure 4: Requirements Workflow

Explanation:

Light blue boxes are Statuses.

Red-line boxes are additional Statuses compared to the JIRA default workflow.
White Text boxes contain possible Resolutions.

Solid arrows show typical workflows.

Dashed arrows indicate less typical workflows.

Green arrows/texts indicate unchanged Resolutions.

Transitions are shown in dark blue italics.
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4.1

BEMO-COFRA User Scenarios

This chapter presents two unique User Scenarios for the BEMO-COFRA user partner COMAU: 1) a
Brazilian User Scenario which is the one that will be implemented and validated at COMAU in Belo
Horizonte, Brazil and 2) a European User Scenario which have been borrowed from the ebbits
project and representing COMAU in Torino, Italy.

For the Brazilian User Scenario, the following relevant stakeholders have been defined:
e Manufacturing plant director: responsible for whole manufacturing industry
e Manufacturing plant manager: responsible for one department

e Technology/Engineering manager: responsible for the technology/engineering used on the
production lines (improvements on the manufacturing line, changes on the layout, devices,
etc.)

¢ Line manager: responsible for the correct running of a specific car model line /car model
family.

¢ Production manager: responsible for follow the production of a specific car model line trying
to achieve the goal

e Machine operators: people who operates the devices and machines in a production line

e Maintenance crew: people responsible for the maintenance of the devices and machines in
the production line. They work on the machines on schedule period or when a problem
occurs.

e Machine/devices developers/suppliers: responsible for developing improved machines and
devices for the manufacturing lines.

Brazilian User Scenario

The Brazilian user scenario was made thinking on a horizon of 5 years for the body welding and
assembly line in a car manufacturing industry with the BEMO-COFRA platform implemented. The
framing station was considered as the main station of the production line.

Introduction

The car manufacturing industry has to continuously adapt to market dynamics; the market is
constantly changing and customers are becoming more and more demanding. The manufacturing
plants must therefore be flexible and able to quickly adapt to market changes and demands.

In recent years, a greater demand for new cars has meant that the production of cars has increased
significantly. In addition, new car models are offered for sale only in short period of time. During this
period the production of car can increase 100% in order to meet market demands.

A production line is composed of several production stations. Each station is composed by several
devices, such as robots, manual machine guns, automated machine guns, control units, plc, sensors,
geometry groups, motors, conveyors, tables (e.g. roller table, turn table), vision systems, elevators,
etc.

The changing market demands, and hence the change in production volume, in turn has a great
effect on the layout of the production line. It must be very flexible to meet demands e.g. by adding
new devices such as sensors, machines and robots. This requires seamless communication internally
between sensors and production station plc and between plc’s for the stations in order to minimize
the time for production layout changes.
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Scenario 1: Layout and reconfiguration

Stakeholders: Manufacturing plant director - Manufacturing plant manager - Technology/Engineering
manager — Line manager — Production manager — Machine operators

The flexibility of the production lines is closely related to the network infrastructure. Five years ago,
cables and connectors made layout changes or installation of new devices quite complex and time
consuming. But today, the cable network has been replaced by wireless communication modules.
These modules have been thoroughly tested before they were implemented to ensure that they are
completely reliable, especially considering the harsh environment in a car manufacturing plant.

Ronaldo, the Technology/Engineering Manager, has worked intensively to redesign the layout to
accommodate for increase in production. It is a very complex task, but at least he knows that the
recent implementation of the BEMO-COFRA framework has greatly improved the overall flexibility of
the line, facilitated implementation of new layouts, and allowed many systems to be reconfigured
automatically.

New layouts require robots to be moved to new areas and the sequence of the stations to be
reordered. This is now possible without changing the network topology so that an entire production
station can be moved to a new location without having to worry about connectivity. Moreover, as
stations are wireless, they can be reconfigured automatically, so that any change in production
volume can easily be achieved. Reconfiguration of a station involves replacing one station with
another, improving the station’s performance, changing the connectivity of various devices,
improving the cycle time, improving the quality of the process, etc.

The BEMO-COFRA seamless connectivity framework allows Ronaldo to add new devices, subsystems
and robots to the unit. Some sensors are just a part of the same layout, while other sensors are
completely new to the network, such as ad-hoc consumption sensors and sensors that can improve
the production cycle time. These sensors need to be discovered and configured.

Hence, with BEMO-COFRA Ronaldo can now focus on implementing the physical layout and the
safety aspects. Safety issues are extremely important and a research group is therefore currently
working on programming a new safety framework based on BEMO-COFRA providing laser-based
passing sensors with wireless connectivity. Once the lay-out is in place, the production line is
instantly up and running again.

Scenario 2: Operational monitoring and maintenance

Line manager — Production manager — Machine operators — Maintenance crew — Machine/device
developers

The "BEMMOQ” car model is in great demand these days and the production is therefore at its peak.
Jefferson, who is the BEMMO Line manager, is feeling the pressure because as production rate
increases so does the risk of errors, breakdowns and quality problems. He is therefore focusing
intensely on being on the forefront and is constantly observing and analysing data from the
production stations. The new BEMO-COFRA enabled monitoring system has made it possible to
constantly monitor the productivity. Jefferson has had the new monitoring system configured with
some predefined parameters for each machine in the production line. Jefferson can easily choose
whether he wants to access data for a specific machine, for several machines, for the entire station
or the entire line.

The high demands on the production output also put extra pressure on the maintenance crew. They
will have to resolve any issue as quickly as possible to avoid serious delays to the production line.
With the capacity to produce 60 cars pr. hour, every minute counts and the production line is
running at maximum capacity. Recently, maintenance has thus put more focus on proactive action
and predictive maintenance. The BEMO-COFRA framework has drastically changed the way the
production line is monitored and controlled.

The harsh environment affects not only the wireless communication reliability; it reduces the
machines’ lifetime as well. So the wireless modules have integrated a system, which monitors all the
important machine parameters and sends a message to the maintenance staff, when a machine
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4.2

needs a preventive maintenance intervention. By acting before the failure happens, the machines’
lifetime is improved and the downtime of the production line is reduced.

Instead of a simple sound and light alarm at the station when a problem occurs, the maintenance
crew now receives more detailed information as to where exactly within the station the problem has
occurred. This way the maintenance crew can go straight to the station, already knowing what kind
of problem they are going to encounter. For more complex problems, the maintenance crew can use
their mobile device to forward the problem with data and pictures to a remote specialist, who can
analyse the problem and guide the crew on the floor on how to get the problem fixed.

The monitoring is accomplished by using existing sensors and control applications (e.g. stoppage,
slow speed, etc.) or new, ad-hoc sensors and applications (e.g. differential speed, noise, etc.). Also
the robot can send detailed performance information to the plc, which controls line or to a backend
maintenance system.

With the implementation of the wireless modules, the communication between the station, sensors,
plc's and backend systems has an uptime of 99.9% (corresponds to 1 minute / day of failure) is
reliable and monitored through a network application. The application shows the performance of the
wireless modules and errors are detected and automatically displayed to the maintenance staff.

Scenario 3: Consumption measurements

Manufacturing plant director - Manufacturing plant manager - Technology/Engineering manager —
Line manager — Maintenance crew — Machine/device developers

An important point, which is monitored by the BEMO-COFRA framework, is the consumption of
supplies such as water, electrical energy, compressed air, lubricants, etc. The increasing
consumption of supplies in the last years has incited the Government to adopt a new law that makes
it possibly to penalize industries if their consumption exceeds a relative fixed limit. At the same time,
the overall unit price for energy consumption has increased as well. In response to global supplies
consumption concerns, an intelligent system analysing supplies consumption has been installed.

This system focuses on energy consumption and generates energy consumption reports for each
station. It can also generate a detailed energy consumption report for each specific part or device
within the station per day shift or couple of hours. These reports give details of selected values e.g.
power consumption, water, temperatures, and possible performance parameters of the devices for
preventive maintenance purposes.

When a problem in the production arises, the system informs the relevant stakeholder and the
presentation of the report is adjusted to each stakeholder’s need.

Normal consumption levels are delivered on a weekly basis to the line manager / product designer
allowing them to analyse the possibility for energy optimization. The production manager can use
this information to analyse which configurations are more energy efficient and parameters can be
reconfigured so that the line uses less energy. This information is also used to feed into the design
of new energy efficient robots which will lead to the production lines using less energy and thus not
only be more cost effective but also live up to national and international demands and regulations
concerning energy efficiency.

Detailed reports per day shift or couple of hours are delivered to the maintenance crews. The
system analyses the information and identifies potential problems. For instance, the power
consumption of the devices attached to the framing station is monitored and the consumption is
logged. A sudden increase in consumption points to a potential malfunction and this information is
useful for both the production manager and maintenance manager.

European User Scenario
The European user scenario was extracted from the ebbits project and illustrates the

transformations in automotive manufacturing of the future. The personnel working in different areas
of car manufacturing used to talk about common problems, mainly related to controls architecture,
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communication infrastructure and monitoring systems. Now they are also talking about the common
problems of energy efficiency and carbon dioxide emission.

Scenario 1: Sustainability management scenario

Making certain that a plant is working at its optimum in terms of energy consumption is extremely
important to maintain a high level of company integrity in the eyes of customers and institutions.

Certifying the sustainability of their production processes has become a must for all industrial
manufacturers. It is important not only to obtain certifications and to avoid fines from regulatory
bodies, but also to provide a healthy environment to live and to work in.

Certification inside a production plant requires continuous collection of energy consumption data. In
the past such activities were performed manually, as the devices used to retrieve the data, the
related communication infrastructure and the databases for data collection required a massive
investment for implementation.

All the devices used in the plant are able to collect energy consumption data, and the operator does
not have to retrieve information manually, the processes have been simplified and the probability of
errors reduced. The devices connect to the plant network and can be easily substituted during
maintenance if necessary.

The plant informatics infrastructure is able to collect from the devices all data related to process
activities, energy consumption and quality indicators. The data retrieved are analyzed and correlated
by complex services distributed on the computer network, making it extremely simple for the
operator to monitor the energy efficiency of each device, correlating indicators such as the
production quantities and ultimately publish these data in the company’s sustainability reports.

Scenario Storyline

Mario, an employee supervising the Body Welding and Assembly department of a car manufacturing
plant in Italy, has experienced the complete transition from a manufacturing plant based on legacy
controls architecture and energy-greedy systems towards highly flexible, efficient processes
monitored and controlled by novel networked solutions.

In the past, to ensure that all production lines were ready to run, compressed air was continuously
provided to the plant, also during weekends, because any shortage could change the position of the
mechanical actuators, requiring human intervention to restore the correct physical start position of
the plant, the only one recognized by the automatic controls to begin the production cycle. Any
incorrect position of the machine might lead to dangerous crashes of the moving devices, such as
robots, clamps, and slides.

The informatics infrastructure has helped eliminating entirely any kind of inefficient energy
transportation system, e.g. compressed air, and with ubiquitous use of pervasive monitoring and
control systems it is now possible to minimize energy consumption. The elimination of compressed
air provided several positive effects. Compressed air was the most inefficient energy transportation
system in the old set-up, as the losses on the line were at least half of the total energy produced.
Now innovative middleware maintains the efficiency of the hardware to obtain the same
performance of the pneumatic actuators.

A few years ago the EU decided that one of the strategic objectives was to reduce drastically the
global emission of CO2. So Mario’s company decided to implement a stringent strategy to use the
minimal amount of energy. In addition to elimination of compressed air the company has developed
production lines able to consume more energy when market requests are high, like a “turbo boost”,
and eliminate any kind of energy consumption or waste when market requests are low, to the extent
of complete hibernation of the plant like bears in winter.

Mario still remembers vividly Monday mornings in the past, when the whole plant was still a mess
because no one knew exactly what to do, and all documents were paper-based and distributed by
hand. So every Monday morning Mario had to show up for work at 4 in the morning to have enough
time to start up the entire plant.
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The mechatronic' components are equipped with sensors able to collect and interpret in real time
information on energy consumption, trajectories, sound levels etc. This information, properly
correlated, can predict the presence of a possible problem in a device and notify the plant
informatics infrastructure. So Mario does not have to check each singular device on the
manufacturing line, and the daily work plan for each line is provided by the informatics
infrastructure. He can come in Monday morning at 6 like all the other employees, because he knows
that the plant never will have any crashes and it will start functioning perfectly from the very first
minute of the production shift.

These days Mario works in a friendly environment, continuously connected with his peers in the
plant through easy-to-use handheld devices allowing him to check the state of the whole plant. He
no longer has to stay on the line to anticipate faults; providing he carries his teach pendant® with
him.

Actually it makes no difference whether he accesses the information from his handheld device or
from any PC, mobile phone, or any application hosting device, as all the information is published by
a web server, and today almost all devices are able to browse web pages.

Mario prefers to use his personal wireless teach pendant because it has embedded safety
functionalities, such as emergency stop button and live-man switch. The pendant also lets him move
the robots on the automatic line directly, just like in the old days.

Scenario 2: Instantaneous response and predictive maintenance scenario

In the plant collisions between moving mechanical parts no longer happen; this substantially reduces
down-time. Moreover, the plant will alert the maintenance staff when deviations are occurring
before it Is too late to remeady.

The mechatronic components are able to communicate, continuously exchanging and providing
information about their position and about their maintenance status. Positional information is
provided by geometric software able to calculate the distance between the devices and to slow down
their movement when they are too close. This eliminates completely the possibility of crashes inside
the working cells.

In the maintenance office, all the data coming from each single device are decoded and interpreted
to provide to the staff a work plan detailing the activities they have to perform to keep the
production plant in optimum working order.

Scenario Storyline

Alberto works in the Power Train Maintenance department of Spanish car manufacturer AutoVerde,
and his main responsibility is to ensure the smooth running of all production lines whatever the
prevailing circumstances.

Taking care of an automatic plant used to be an extremely difficult task. Employees in the plant
needed years to learn how to become aware of anomalies that might cause production shut-downs.
In some cases employees, like Alberto’s former boss, developed the ability to “listen” to the sound of
the machine to perceive changes in the repetitive cycle and almost prophetically forecast potentially
disastrous situations.

The all-encompassing monitoring system detects any kind of internal and external variation in the
production environment. Externally it detects financial fluctuations, providing information on the
long-term strategy to be adopted; it detects the logistic situation, adapting the tactical production
plan. Inside the plant, it detects the production flow status, faults on the machines and manages
anomalous situations alerting the maintenance crew to intervene.

! Mechatronics is the synergistic combination of mechanical engineering, electronic engineering, computer
engineering, control engineering and systems design engineering

> Devices equipped with switches and dials used to control a robot's movements to and from desired points within a
determined space

Document version:1.0 Page 17 of 43 Submission date: 31 January 2012



BEMO-COFRA D2.2 Initial Requirements Report

In the past Alberto had to wait for the decision of senior management in order to change the
production strategy, and those decisions were forthcoming only after several weeks of data
collection, analysis and discussion. Thanks to the new infrastructure, the data are retrieved
immediately from both the external environment and internal environment, the data flow is real-time
in the system, and the decisions are immediate subsequent to any change in the conditions.

A control system has been implemented which is capable of reacting to internal and external
indicators in order to speed up or slow down motors and actuator movement. This way the plant
only consumes energy when required. Previously this was impossible because at the higher level the
control system was not able to analyze globally the plant status to properly control the overall
production speed, and at lower level there was no devices able to synchronize robots and moving
devices to prevent crashes when they changed speed. It was extremely hard to reduce speed of the
objects because each of them reacted in a different manner, driving the machine to a sure crash.

As AutoVerde wanted to be certified as a green industry, they replaced all the devices used in the
plant with new ones capable of collecting energy consumption data, so the operators no longer have
to retrieve this information manually, the process is simplified and the probability of errors
substantially reduced. The devices connect uniquely to the plant network, simplifying the
substitution of devices during maintenance operations.

The plant informatics infrastructure collects all device data related to the process activities, to the
energy consumption and to the quality indicators. The data retrieved are analyzed and correlated by
complex services distributed on the network, and it is extremely simple for the operator to monitor
the energy efficiency of each device, correlating indicators such as the production quantity and in
the end to publish these data in the company sustainability reports.

So AutoVerde is now able to provide consolidated data on the energy consumption of the production
plant, and what’s more, it has a new set of indicators that go beyond the classical OEE (overall
equipment effectiveness), because they also consider the energy parameters. Those new indicators,
the OEEE, provide valuable information on what strategies to implement in the company in order to
conserve resources and harmonize energy consumption with production activities.
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5.1

Requirements for the BEMO-COFRA Platform in Brazil

This section contains the condensed list of functional, non-functional, business and efficiency user
requirements, extracted from the original list of user statements based on the initial vision scenarios
for the car manufacturing domain. The aim of this approach is to provide a simple structured
representation of requirements, to be used as a reference for the development of the first pilot
applications. The list of requirements will be updated during the project lifetime, as soon as the need
for features is identified. We will apply various methods to improve our understanding of user needs
and to improve user-perceived qualities of the prototypes.

Each requirement listed in the following tables obtains a unique ID to refer to. The description of a
requirement is a synthetic but clear description of the requirement. The rationale gives a reason why
this requirement is relevant for the system and thus has been included into the table. The source
gives an indication of where to find the requirement, i.e. scenario, interview or user workshop.
According to the Volere scheme the requirements are divided into non-functional and functional
requirements, but we will have two more divisions business and efficiency requirements.

Functional Requirements

Functional requirements are related to the use of the platform in the automotive production settings.
e Remote monitoring of the wireless sensor network
e Scalability of the wireless sensors
e Safety
e User friendly reporting of monitored data
e Monitored data

e Support for Redundant Communications using both wired and wireless interfaces in critical
systems

e Devices using BEMO-COFRA should be able to interoperate with every other BEMO-COFRA
device

e  Workflow according maintenance map
e Data analyze
e Mobility

e BEMO-COFRA system should provide network communication robustness under high level of
interference

e BEMO-COFRA system should use reliable communication protocols

e The system should provide means to connect the majority of legacy devices used in industry
e (ritical data should be informed as fast as possible

e BEMO-COFRA's architecture should allow the automatic configuration of new devices

e BEMO-COFRA's architecture should be modular for insertion of new devices

e BEMO-COFRA's architecture should support a large-scale of devices

e BEMO-COFRA system should notify the maintenance team based on a hierarchical model
and work schedule

e BEMO-COFRA system should provide means to locate robots along the assembly line with
details about their safety area

e BEMO-COFRA system should monitor the single-radio and multi-radio WSAN modules status
and performance

e BEMO-COFRA WSANSs should support context-aware data transmission algorithms

Document version:1.0 Page 19 of 43 Submission date: 31 January 2012



BEMO-COFRA D2.2 Initial Requirements Report

e BEMO-COFRA multi-radio WSANs should support self-organization algorithms
e BEMO-COFRA WSANSs should integrate routing protocols with self-healing capabilities

e Monitoring tools of BEMO-COFRA should be configurable by normal users (non software
developer)

e BEMO-COFRA should provide a realistic testing tool for large scale sensor network
e BEMO-COFRA should provide a realistic testing tool for large scale sensor network
e BEMO-COFRA provide a tool to monitor performance of the Linksmart middleware
e Support for OPC interfaces
e Data fusion support
e Support for 6LowPAN based WSANs
e Communication and data exchange with ERP systems
e Monitoring of robot components for predictive maintenance
5.2 Non-functional Requirements
Non-functional requirements address the quality of the future system and are classified by various

criteria  according the Volere schema (usability, performance, operational requirements,
maintainability, etc).

e BEMO-COFRA system should guarantee a minimum level of availability

¢ Network migration in Multiradio WSANs should react within an established maximum time
frame

e Transmission of the same information from different devices
e BEMO-COFRA platform should provide guidelines for developers and end-users
5.3 Efficiency Requirements
Efficiency requirements are what is required in terms of energy and raw material efficiency
improvements, which include the formulation of a set of business policies.
e Monitoring energy consumption
e Intelligent system analysing supplies consumption
e The BEMO-COFRA system sends periodically reports with the normal consumption
5.4 Business Requirements
Business requirements describe in business terms what must be delivered or accomplished to
provide value.
e To able to perform its technical efficiency according to the automotive industry requirements

e The solution shall permit the systems integrators to perform cost efficiency by using less
components (raw-material) to develop an industrial network architecture

e To permit a system integrator to install an industrial communication network applying less
time and less manpower than wire/cable traditional solutions

e Future developments starting from BEMO-COFRA base platform
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5.5

The European case: COMAU Europe

For the European case the requirements elicited on ebbits project will be reused for the car
manufacturing domain. This section contains a condensed list of functional and non-functional user
requirements that were elicited on a combined vision scenario/user workshop. This workshop was
hosted by COMAU Italy Spa and moderated by IN-JET. The workshop covered two main
manufacturing areas, Power Train Machining & Assembly (PWT) and Body Welding & Assembly
(BWA). For each area presentations describing the business and the controls architecture were
given, during and after which the participants had the opportunity to ask and answer questions. The
partners also shared their visions and ideas for the future use of the ebbits platform. The visions
combined with the conclusions from the Q&A sessions provided the developer partners with the
foundation for eliciting the technical requirements.

Functional Requirements
e Seamless access to energy related information
e Controlling of machines/stations in manufacturing plant remotely
e Flexible integration of HW/SW components
e Retrieve manufacturing data history of any relevant event during production

e Integration of mobile sensing devices on running infrastructure manufacturing plat without
interrupting running processes

e Access to energy-related information from production machines needs to be provided
e Seamless data collection

e Diagnostic component to detect and correct mal functions

e Logging of quality related information of each manufacturing part

e Producers can push notification of recalled products to customers

e System should show energy cost for different granularity of production processes
e Protection to sensitive information

e Adjust production processes according to energy price policies

e Interfacing with programmable logic controller of production robots

e Measurement points for every station in body welding

e Reliable wireless solution for new sensors

e Filter/fusion information for each operational process

e Early maintenance notification when needed

e Bring data from fieldbus network to Ethernet network

e Automatic calibration

e Automatic start up synchronization among machines

e Energy benchmarking of different granularity such as machines, processes, plants

e Support system for comparing different energy consumption among plants and
corresponding processes

e Summary of energy related information at operational level for supporting management
level optimizing energy use

e Recognition of energy wasting behaviours

e Waste of energy act definitions
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Non Functional Requirements

Environmental monitoring of manufacturing plant

Higher bandwidth and range wireless connection

Life-cycle of a robot and its components is traceable
Resilience and adaptable to environment condition changes
Improve air compression energy usage

Display plant activities in real-time

Reliability of the system should be more than 30 years
Hardware components are able to handle harsh condition
Scalable solution (scale up and scale down)

Central point start the whole plant
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6. Conclusion

The next steps on human-centred development process are checking the requirements through a
quality gateway. The requirements will pass through a quality check to make sure that all
requirements are complete (i.e. all the necessary fields are filled with meaningful values) and
unambiguous. On this way the requirements will de condensed and the level of quality will be
improved. This check will generate an update of this document.

As the requirements have the related work package assigned, after the quality check the
requirement pass through it WP leader who will check whether its contents are correct and add it to
the specification. If he believes that the requirement falls into the responsibility of a different work
package, he can reassign it to the respective WP leader. He may also assign it to other people in the
work package, e.g. task leaders that should take over responsibility of the requirement.

The total number of requirements will be reduced to a set of requirements within the scope of
BEMO-COFRA project. Not all the requirements from the initial set will be addressed and
implemented. After this new check, the working document WD2.2 Updated requirements report will
be generated at least by end M7 to provide to the technical partners enough information to
understand what to do for the architecture on Task 3.4 Architecture Design.
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Appendix A: Complete list of requirements
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Q | with every other | issues. level between Networks S S| = | =
% | BEMO-COFRA each other or 8
© |device through
LinkSmart
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Workflow The Customer The rigth WP5
according notification message is sent | Distributed
maintenance messages are to the right Control Logic
& | map sent according person and if this | and Enabling
% to the person is not Features 2| 5
3 workflow present, the § 5 g =
o established by system sends the o ) s | 7
> the message to next =
= maintenance person on the list
map. until find
someone present
at the site.
Data analyze The system Customer Messages are WP5
analyzes the sent with a Distributed
raw datas and proposed Control Logic
@ proposes a solution . and Enabling
2 solution to the Features - .
g problem, so it z § - 3
2 is no more %. g. ug; >
; necessary - i @
N speciallist and
= the time to
solve a
problem is
shorter.
Mobility The huge Engineering One sensor has WP4 Large
number of your place Scale Wireless
w components changed on the | Sensor and
2 connected on station and it still | Actuator -
g the station works at the Networks =z § > =
9-1 network network. % = E, ag_'
- difficults MR- =
& include a new
N device or
change the
layout.
BEMO-COFRA Interference Scenario Vision | The system WP4 Large
& | system should could increase should guarantee | Scale Wireless
g provide network | the BER and network Sensor and y
8 communication | packet loss, connectivity Actuator § a q%‘, q%‘,
m robustness which could despite the Networks Sl | |*=
> | under high level | resultin loss of environment EX
= | of interference |important interference
information
w | BEMO-COFRA The absent of | Scenario Vision | Delivery of WP4 Large
E system should reliable messages is Scale Wireless -
g use reliable communication guaranteed Sensor and = § = | =
Q communication | protocols could Actuator % = @ | @
; protocols lead to loss of Networks - ﬁi
A critical
. information
@ The system The use of Engineers All the devices WP3 Large
<| should provide | different legacy used in the final | scale <
() L . S < 3 > =
e 8 means to devices is scenario should | distributed % = | ® | '
I connect the needed to be integrated. system = 3
| majority of create a system architecture -
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manage them

legacy devices with general
used in industry | application.
Transmission of | If the Engineers The WP3 Large
the same information communication | scale
information collected by should be distributed
w | from different different avoided if the system
E devices devices is data transmitted | architecture §
g similar, a is the same z ;':n = =
Q methodology (completely %. 3 |@ | @
= should be redundant). R
v employed to 3
@ decide if it is
necessary to
communicate
it.
Critical data The data Engineers Dangerous WP3 Large
should be collected by conditions must | scale
informed as fast | the devices be eliminated to | distributed
as possible. should be guarantee total | system
= ranked safety. architecture
% according to ;3:"'
s critic.al 5 a2z
o requirements. o S > | T
> Priorities £
! should be
assigned to the
dataandin
order to
communicate.
BEMO-COFRA's | In order to DoW The user should | WP3 Large
architecture increase the not interfere in scale
should allow the | production, the the configuration | distributed
& | automatic assembly line's procedure in any | system
% configuration of | layout must be moment. architecture .
8 new devices rearranged and § 5 0%'_ 0%'_
o for this S S s | =
> operation to be L
5 quick, the re-
configuration
time must be
optimized.
BEMO-COFRA's | Technologyis | DoW BEMO-COFRA's WP3 Large
w | architecture always architecture scale
E should be evolving, with must be built distributed -
g modular for it, new devices using patterns system z % = =
2 insertion of new | will appear and capables of architecture %. = ug; ug;
§ devices the BEMO- abstracting - ni
N COFRA should different devices
© be able to
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elected for a
real industry
environment
application

BEMO-COFRA's | Without large- | DoW BEMO-COFRA WP3 Large
& | architecture scale should guarantee | scale
g should support a | monitoring the coverage of distributed .
8 large-scale of systems loses majority of the system E a 0%‘_ 0%‘_
o devices its purpose devices along the | architecture <) g' > | T
> within the assembly line =
= industrial
scenario.
BEMO-COFRA All problems Scenario Vision | The notification | WP6
system should should be should take more | Production
notify the assigned to than 1s to be Monitoring
w | maintenance someone sent to the and Control
E team based on a | capable of workers. Systems -
g hierarchical answering such = § = =
O | model and work | demand & =« | @ | @
o o o > >
§ schedule therefore there - ni
% must be a list
= of workers and
what kind of
problem they
can attend.
BEMO-COFRA The robot Scenario Vision | The system must | WP5
w | system should moves quickly guide the worker | Distributed
E provide means |andis to the robot and | Control Logic -
g to locate robots | extremely give a signal and Enabling z § 3 =
2 along the important to when him is to Features % = Er =
; assembly line keep the its close to a robot - ﬁi =
o | with details area clear at all
™ | about their times
safety area
To able to The BEMO- Customer Solution perform | WP6
perform its COFRA delivered at a Production
technical monitoring industrial Monitoring
efficiency systems required output | and Control =
according to the | framework and data security | Systems $
w |automotive solution has to level g
E industry deliver a § _ .
g requirements perform at a z % 3 3
2 certain %. Tl =
§ required - 8 Qs
s output and i
w data security 3
level to be §
o
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The solution To be able to End-user Functions of the | WP4 Large
shall permit the | execute the BEMO-COFRA Scale Wireless
systems same (or framework are Sensor and
integrators to improve) executed with Actuator
perform cost functions from the same Networks
efficiency by a traditional performance and
using less wire/cable reliability of
components based network traditional >
(raw-material) in a automotive wire/cables $
w | todevelop an industry networks. <
E industrial environment in ,a
g network a WSAN = g g g
] architecture ambiance 3 Tz =
= through a B 8; || '
g wireless o
b reliable 3
technology §
with equal or o
better
performance
than current
standards in
data transfer
on a harsh
environment
To permit a The WSAN Scenario vision | The installation WP3 Large
system BEMO-COFRA of the WSAN scale
integrator to monitoring BEMO-COFRA distributed
install an systems monitoring system
industrial framework systems architecture
communication | solution shall framework
network be simpler and consumes less
applying less less time time and is
time and less consuming to simplier than
manpower than | install than the wire/cables
wire/cable wire/cable network. >
traditional solution, $
w | solutions considering g
m : 2
z that will not be a
g necessary to z % 3 =
o prepare the % T |5 o
; wire/cable's S Z 2
v bed around the Z
w entire industry 3
facility, not §
either to have ®
all the man
power to pass
the wire/cables
through the
cable guides
and to perform
a extensive test
over all the
necessary
connections
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that a wiring
network
requires. This
will simplify
and shall
reduce costs to
have a
operational
network in a
real industry
environment
application.

9¢-Vd44000N39

Future
developments
starting from
BEMO-COFRA
base platform

BEMO-COFRA
monitoring
systems
framework
solution should
allow the
future and new
applications
development
on top of the
initial base
architecture to
broaden the
possibility to
be the chosen
solution for
real industry
applications

Scenario vision

BEMO-COFRA
will be an open-
source platform

WP8
Dissemination
and
Exploitation

Jole|n

A3ljigesn - [euoindun4-uon

MO|

|edinau

LT-V44000N3d

BEMO-COFRA
system should
monitor the
single-radio and
multi-radio
WSAN modules
status and
performance

WSAN
communication
modules
should be
monitored in
order to track
their
performance
and detect
failure or
malfunctioning

BEMO-COFRA
scenario

The system
monitors the
state and
performance of
the WSAN
modules

WP4 Large
Scale Wireless
Sensor and
Actuator
Networks

Jofen

|euoiduny

8¢-Vd441000IN34

BEMO-COFRA
WSANSs should
support context-
aware data
transmission
algorithms

Data
transmission in
WSANSs should
be optimized
based on
context (e.g.,
application
policies) and
time
constraints

DoW

The system
supports at least
two context-
aware data
transmission
algorithms

WP4 Large
Scale Wireless
Sensor and
Actuator
Networks

Jole|N

|euoidung

ydiy

yaiy
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BEMO-COFRA
multi-radio
WSANSs should
support self-
organization
algorithms

6¢-V44000N3d

WSAN modules
equipped with
multiple
communication
technologies
need to be
automatically
self-configured
and integrated
into the
network, also
after
communication
interface
switching.

DoW

The system
supports at least
two multiradio
self-organization
algorithms

WP4 Large
Scale Wireless
Sensor and
Actuator
Networks

Joleln
|[euoilouny
ysiy
ysiy

BEMO-COFRA
WSANSs should
integrate
routing
protocols with
self-healing
capabilities

0€-Vd44000N39

n WSANSs,
routing
operations
could be
hindered by
specific failures
or
malfunctioning;
failure impact
should be
reduced.

DoW

The WSAN
supports at least
one routing
protocol with
self-healing
mechanisms

WP4 Large
Scale Wireless
Sensor and
Actuator
Networks

Joleln
|euoinouny
ysiy
ysiy

Monitoring
energy
consumption

T€-V44000N3d

The energy
consumption of
car
manufacturing
industry has
increased with
the installation
of automation
devices and
unit price for
energy
consumption
has increased
as well.

Scenario vision

Energy
consumption
reports

WP6
Production
Monitoring
and Control
Systems

Jolen
d2uew.Joad - [euol}dUNS-UON
ysiy
ysiy

Intelligent
system
analysing
supplies
consumption

C€-Vd44000N34

Beyond
monitoring
energy
consumption
the system
should be able
to analyse the
datas, creating
reports for
each station
and extract a
detailed energy
consumption
report for each
specific part or
device within

Scenario vision

Friendly reports
with details of
selected
monitored values

WP6
Production
Monitoring
and Control
Systems

Jole|n

|BUO!1EJ6dO - |euolloun4-uonN
|eJinau
ygiy
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the station
The BEMO- The normal Scenario vision | Reports with the | WP6
COFRA system consumption normal Production
sends information consumption Monitoring
periodically analyse the energy are sent | and Control
reports with the | possibility for periodically to Systems
normal energy the line
consumption optimization. manager/product
The production designer. >
manager a'Iso g
o f:an use t.hIS I
Z information to a
g analyse which z g' 3 =
2 configuration %. n% E* ug;
2 are more = ° o
> ke
& energy o
w efficient. This =
information %
also can be -
used to feed
the design
development
of new energy
efficient
devices, as
robots.
Bemo cofra Without a clear | FIT internal the WP7 Solution >
- platform should | documentation | workshop documentation Integration 3
m | provide and best contains code and <
% guidelines for practices examples, Deployment z § s =
3 |developersand | guideline the workflow, 2 | S E_ g
3 | end-users developers and deployment S| = & 3
3.: users will get guidelines <
IS confused. o
5
Monitoring tools | The monitoring | Requirement normal user can | WP6
of bemo-cofra needs might workshop configure the Production
& | should be change in the monitoring Monitoring
g configurable by | future and new application and Control Z S <
8 normal users software simply by drag Systems 5 § g 2
i (non software development and dropping o S S 0%'-
> | developer) for every widgets. 2 =
v changes is
costly and not
feasible.
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Bemo cofra the budget of | The first the testing tool WP3 Large
& | should provide a | the project is technical could record and | scale
% realistic testing | not sufficient meeting in simulate the distributed . <
8 tool for large to create large | Recife radio system § ‘?.-1 2 o)
m scale sensor scale testbed interference architecture S |9 | & 2
> | network consisting inside = =
= physical manufacturing
devices plant.
Bemo cofra Users do not First technical User is able to WP6
& | must provide an | want to be meeting in start different Production
g integrated confused with | Turin monitoring tools | Monitoring Z S
8 monitoring tool | having to open through one and Control § a q%‘, e
T | (integrate different application. Systems 9|9 |= ;i
> |different applications 2
% | monitoring tools
into a platform)
Bemo cofra The First technical | The Linksmart WP5
provide a tool to | administrator | meeting in administratoris | Distributed
monitor needs to see Recife able to see Control Logic
performance of | the network linksmart and Enabling
the Linksmart performance to throughput in Features
middleware diagnose a terms of events
problem of the in and out the
o system. event manager,
% soap messages in P S
a and out the % § g |2
o network o S S S
> manager, o
5 number of event
and soap
messages lost,
connected
proxiesin a
gateway, the
gateways in the
networks.
Support for OPC | In order to CNet BEMO-COFRA WP6
interfaces integrate requirements can Production
w© existing workshop communicate Monitoring
E manufacturing using OPC and Control - - -
9 devices we Systems z § 3 | @
2 need to %. 2 ;_ ;_
; support OPC - i o x
o since it is the
© de-facto
industry
standard
Data fusion It must be CNet Data fusion WP6
w | support possible to requirements functionality Production
E extract workshop available Monitoring -
g monitoring and Control = § - | =
@) data from Systems & < | @ | @
n o (e} > >
; several - ﬁi
s devices/source
e and integrate
that into one
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semantically
enriched
monitoring
report.
Support for It must CNet BEMO-COFRA WP6
w | B6LOowWPAN based | possible to requirements can Production
E WSANSs integrate and workshop communicate Monitoring -
g extract data using 6LowPAN and Control =z § = =
2 from standards and Contiki. Systems % 2 ® | ®
; based WSAN, - QJ_J
A for instance
= Contiki running
6LowPAN.
Communication | In order to CNet BEMO-COFRA WP6
and data provide users | requirements can export data | Production
exchange with with relevant workshop to relevant ERP Monitoring
ERP systems decision and control and Control
e support systems. Systems
CZD information ;3:"' < S
s BEMO-COFRA § a =2
T needs to g S o%-' S
> integrate and o | =
5 exchange data
with existing
ERP and other
control
systems.
Monitoring of We want to be | Scenario and In 99,9% of the WP6
robot able to predict | requirement cases the Bemo- | Production
components for | the failure of workshop in Cofra system will | Monitoring
= predictive robot Recife 5- be able to detect | and Control
g maintenance componentsto | 7.12.2011 an upcoming Systems py s
o) prevent failure of a § a T | 2
% damage in component, S ) g &
> order to steer before the £ =
5 the component really
maintenance fails.
work and to
save costs.
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European Requirements

o 2 »
2 8o s o0
Summary Rationale Fit Criterion =) o 2o oo
F 3 33 23
< ) + 0 g @
5 o = |35 =
S
p—
adjustment to configuration of 2
o]
Scalable solution | desired number of Comao scalin gu / down a % 5 = é é
89 |(scale up and production, Workshop in gup . 3 B ) ;. ;.
. . plant can be achieved E = 7 = =
scale down) require to add or Turino : g2 3 3
. in max 8 hours. >
reduce machines 5
—+
Calibration is still _— i)
. o Comao 75% of existing g 3
Automatic done manually it is . . L 5 2 =3
103 oo Workshop in | manual calibration is 1 = = @
calibration error prone, and Turino done automaticall S & >
takes time. v = =2
starting up
. machinesin a a plant can be
automatic start . uy < <
U plant is Comao &quot;re- 5 o o
104 P . complicated such | Workshop in started&quot; 2 2 ;. ';.
synchronization . ) . o = =
. as the order of Turino automatically in less 2 o o
among machines . . £
machines, min than an hour.
temperature etc.
Interfacing with Production pual
Pro ramnsable automation is Comao ERUEIBEN 5 § §
84 g Workshop | hardware interfacesto | 3 = EA
Logic Controller of | controlled through . . . o = =
. Turino PLC is defined = ook ook
production robots PLC L
water &
consumption for ":.-1
reduce water cooling and Comao 10% of water =
o o . 5 3 2 = =
105 | consumption in lubricating Workshop consumption can be 4 B =S © &
PWT purposes in PWT Turino reduced -g '
is really high (300- o
—
500 It./minute) o
Energy-related
information is .
If any machine
Access to energy- measured by rovides access to
related some of the COMAU P s <
. . . . energy-related S I 5
information from operational scenario . . : 3] < o
49 . : . information, ebbits 2 = = =
production machines (e.g. in workshop distributes this S & =
machines needs the production | (10/19/2010). . . = =
. L information to all
to be provided. plant), but it is not e
distributed into a P ’
network.
Management
Energy .
. would like to
benchmarking of Management can do uy < <
) know how T S o) )
different . Comau benchmarking in a 2 2
106 . effective the . . 1 = = -
granularity such . . Workshop different operational o = =
energy is used in 3 « @«

as machines,
processes, plants

different
operational levels.

level
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. Help decision .. Z
Recognition of P Decision makers are S > >
. makers to Comau a = =
109 | energy wasting e alerted when energy =, = =
. optimize energy Workshop . o o o
behaviors wasting takes place = = =
usage =
Some users are
waisting energy -
without Energy wasting S 3 3
Waste of energy .. . Comau . I3 2 <
147 N realizing/being behaviors are =, = >
act definitions . Workshop o = =
conscious that modeled 2 a a
there are better -
alternatives.
energy cost that
3 Measurement A/ & < <
Points for ever can be calculated comau 3 measurement points a > >
85 o Y | includes: lightings, | Workshop in P 2 pl pl
station in body . are covered o = =
. processes, energy Turino = L L
welding . =
for welding
. . cable costs are p
Reliable wireless . Comau . S
. high and due to . sensors are using I3 =2 =2
86 | solution for new - Workshop in . . o @ @
harsh condition, . wireless connection. o > >
sensors . Turino 3
cable might break £
<
reliability of the . . a
v a production plant Comau 99% of the time R 2 3 3
system should be . . 5o 3 2 <
87 of trucks can runs | Workshopin | systemis able to run 8B 3 8 = =
more than 30 . 5 o 3 3 =
for 30 years Turino 30 years. = 9 L L
years S
o
::_,‘.l
3
hardware - devices fulfill a
harsh condition Comau . L. o
components are . . manufacturing 65 &4 = =2
88 damage electronic | Workshopin |. . 5 o 9 @ 0
able to handle . . insulation standard for B = P = =
. devices Turino o
harsh condition cables and sensors. 3
o
—
Filter/fusion Each process =
. . . Comau S
information for needs different . Processes only get o 3 =8
91 . . Workshop in . . ] 0 0
each operational resolution of Turino information needed S > >
process information =
Support system
for comparing Management -
different energy would like to learn Comau Management can S = é
107 | consumption from other plants | Workshop in compare energy %. °§ ;
among plants and | if they use energy Turino profile of plants. 2 a
corresponding more efficiently. -
processes
Operational
Summary of P
management
energy related
. . needs a summary
information at Z <
. of energy related Comau Management can S ®
operational level . . . . 5 2 =3
108 . information that workshop in access operational ] = (0
for supporting . . . . o = >
help them making turino information. = @
management L =
. decision to
level optimizing .
optimize the
energy use

energy usage.
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-
C
g < <
central point to machines have to Comau the whole machines in H 5 o O )
90 |startthe whole be started in the Workshop a plant can be started % 2 S p p
plant right order. Turino from a central point. ~ _g |oE i
o
o
Early maintenance
revent
Early : - <
. permanent COMAU Users/technicians are =
maintenance T o = =3
92 e s damage to the Workshop notified if robots need =, o 0
notification when . . o > >
robots, ensure the Turino maintenance =
needed L =
reliability of
robots
Analytics is done
Bring data from y . y
) by ERP program Comau Analytics software can 5
fieldbus network a 3 3
93 on a computer Workshop analyze data from ] 0 0
to ethernet : i o > >
network that work on Turino manufacturing robots 2
TCP/IP. -
Environmental
changes such as
lighting,
temperature
affect the results -
of manufacturing | During ebbits S
process. so far | manufacturing ;:n
. machines are scenario . . 3
Resilience and . Machines can adapt its o
adaptable to tuned manually by |- workshop in arameters adaptin S =5 =
47 p technicians. Oct 2010 this | P . pting 3 @ g
environment . .. to environmental = >
. adapting to is issue had O
condition changes . . changes. =
environmental | been raised by 3
condition can lead a COMAU =
to reducing energy | employee. 3
consumption e.g.:
reduce heater
temperature
when it's warm
outside.
During ebbits
manufacturing >
Currently, BT is workshop =
used for wireless (19th Oct, o
. . communication. It 20010) a o a
Higher bandwidth ) Communication range 2 <
supports ranges COMAU . . o o
and range of and in particular 3 2 5
37 . &amp;lt;50m. employee of . L > s
wireless . bandwidth are o =.
connection Especially, the the Body considerably higher g 5
bandwidth is too Welding y higher. g
low: max 24 &amp; 3
MBit/s. Assembly unit 3
. . o
raised this
issue.
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Duri it
The process to unng ebb! >
manufacturing
set-up a plant and
. workshop -
to fine-tune each In plug'n'play manner
. (19th Oct,
. machine costs at new HW/SW
Flexible least a day. In this 20010) components can be g
Integration of V- COMAU mp: . a = =
38 sense, the . easily integrated into (] 0 s
HW/SW . ) (Fulvio) that o o S
e integration of new Dy e @ an existing system 2
HW/SW must be have this without loosing much
very easy to not . . time.
. functionality
disturb the overall
rocess for
P ’ deployment.
During ebbits
manufacturing
. workshop Relevant stations that
Controlling of - . y
machines/stations To optimize (19th Oct, operate automatically 5 = .
36 |. . production 20010) can be 2 @ g
in manufacturing . o >
process. COMAU started/stopped via 2
plant remotely £
employee remote calls.
(Fulvio) raised
this issue.
Quiality is very
important inside
an assembly line
as it is the
essential
parameter used | During ebbits
for force tests or | manufacturing
S lack workshop .
-
Historical data tests.Furthermore, | (19th Oct, . O\uallt'y rglated =
should be e information is logged o =2 o
64 recorded IAEIITIDEI ALIL0) inside a proper carrier 5 = S
: detected lately COMAU sl =
persistently. . medium. =
when a car is employee
already in the (Fulvio) raised
market, but shows this issue.
some lack, the
production history
can be traced to
find the devil in
the detail.
Currently the During ebbits §
environment of a | manufacturing ;I:n
lant idei ksh 3
Hazardous plan proyl e workshop The safety of the 2
. not monitored (19th Oct, . o <
Environmental properly 20010) operator is improved > o .
35 | Monitoring of ' by 20% on the basis of =z | S e
on' orlnng However, this is COMAU y .Aon € ?SIS © < = S
Manufacturing o environmental input Q a
quite important to employee ) . 5
Plant information. o
guarantee the (Roberto) =
safety of an raised this >
operator. issue. E
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During ebbits z
manufacturing =
Air compression is workshop s;:'-I
. one main energy (19th Oct, More than 40% of air o < <
Improve air o o @ o
5 | commesisn guzzler. Only 40% 20010) can be transferred > 3 2
eneray Usage of air can be COMAU effectively (@Roberto 5 5} 0%'-
gy usag transferred employee is this realistic?) = = =
effectively. (Roberto) 3
raised this S
issue. L
During ebbits
manufacturing
workshop
(19th Oct,
20010)
COMAU
employee At least three different
raised that | types of devices within
Energy-related ! . YP V! .WI !
. L their the enterprise
information is only .
. . customers (manufacturing plant, Z
Seamless Access available right at 5
and themself management, a =) o
21 |to Energy Related the Human- . . . tad 0 s
. . as would like | administration) that o >
Information Machine Interface . 2
. to have this feature a user EX
at the respective . . . .
. functionality. | interface can display
station.
Further, from energy-related
2012 all information.
machines will
have energy
certification,
similar to
fridges or
washers.
If production During ebbits
. defects are manufacturin ;
Retrieve . . & Any manufacturing
manufacturin TESEENHCE) (15 e S relevant (pressure p
data histor o% helpful to look at (19th Oct, ener, conZum tionln 5 é é
39 an reIevar:/t the production 20010) ttga\r/n eraturz ’ % ; E_
y i process history in COMAU AL 3 & s
event during . humidity, time etc) =
. order to find out employee . .
production . . data is retrievable.
what caused the raised this
defects. issue.
At the moment z
the life-cycle of a | During ebbits 3
robot's manufacturing %-'
. component is not workshop . 23
Life-cycle of a Based on analyzin o
re-cy . predictable. (19th Oct, . yzing S > o
robot and its . data of real field tests g e 2
40 . However, being 20010) . = = >
components is - the life-cycle can be < = 2.
able to predict its COMAU . o = R
traceable . predicted properly. 5
life-cycle could employee o
support to avoid raised this >
deviations during issue. =
<

production.
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integration of
mobile sensing

In brown field it is

During ebbits
manufacturing

devices on too risky or too workshop It is possible to -
running expensive to stop (19th Oct, enhance a S é é
41 |infrastructure production in 20010) station/machine/robot gﬁ ‘g §.
manufacturing order to install COMAU with mobile sensing = s L
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Appendix B: Organisation diagram

The typical organisation diagram for a car manufacturing plant is shown in the Figure below.
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