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1. Issues (situation, motivation and tasks)

The purpose of this deliverable is to specify the reference architecture for data models and information
exchange between the entities and tools of the ReCaM concept, which are used and developed within the
work packages 2 to 5. The deliverable providasseasus on integration designs and responsibilities of the
building blocks specified in Deliverald Overall System Architectuehe main purpose of this document

is to highlight the information inputs that are needed by the SW building blocks, aasnék information
outputs that they provide for the other SW blocks to use.

2. Results

This deliverable views the information flows of ReCaM process from two viewpoints, namely process and
SWsystem viewpoint. The process viewpoint analyses the aevitihich take place during the ReCaM
process, and the information inputs, outputs, resources and controls, which are involved in those activities.
The process viewpoint is independent from any-BWglementation.

The SWhystem viewpoint, on the other handgscribes the information systems that are used during the
ReCaM process and the information flows and interfaces between these systems. The interfaces are
described in the form of service descriptions, which highlight the provider and user of thesmesemput

and output parameters (exchanged information) of these services as well as the intended data models.

3. Conclusions and Consequences

This deliverable presents the first version of the reference architecture for data models and information
exchange. It will be validated within the following work packages, and adapted according to the results of
practical testing as the other work packages progress. The implementation phase will expose the required
changes and additions needed for the sendescriptions, interfaces and involved data models.
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This deliverable specifies the reference architecture for data models and information exchange between the
entities and tools of the ReCaM concept, which are used and developed withpndjleet. It aims to provide
afoundation for enabling smooth integration and data/information exchange betweerR#@€aM Building
Blocks andthus maps suitable data models and information exchange interfaces between them.

The main purpose of this documestto highlight the information inputs that are needed by the SW building

blocks identified in the general reference architecture specifiedDeliverable 2.1. Overall System
Architecture as well as the information outputs that they provide for the otH&W blocks to use.
Furthermore, the responsibilities of each SW building block will be detaledsting approaches, data

models, and standards to convey the information between the building blocks are reviewed, and their
suitability on ReCaNdurposes isinalysed. Regarding the relevant standards, the focus on this document is

2y (GKS RSaAdly adcdaitsSyazs AdSo 2y (KS daDeferabl8YBy i |y
Definition of Hardware and Software requiremenieliverable 2.2. focugeon the physical system and
Mechatronic objects, while the Deliverable 2.4. will specify the communication protocols to be used in
ReCaM system.

This deliverable presents the first version of the reference architecture for data models and information
exchange.Very detailed information on thmformation inputs, outputs and associated services is provided,

in order to increase the communication between the partners and to reduce the risk of incompatible
interfaces when reaching the implementation phasee Thference architecture and data modeidl be
validated within the following work packages, and adapted according to the results of practical testing as
the other work packages progres¥he presented architecture and data models are intended to be
somewhat general, and will be applied in both the Bosch and CESA use cast®ewiteded adaptations

The deliverable is organized as follows. In section 2 the method for identifying and analysing the information
exchange interfaces is described. In sectioprocess oriented view to the ReCaM concept is presented
followed by the software oriented discussion in section 4. Section 4 also gives detailed description of the
service interfaces between the ReCaM building blotkssection 5 the data models for @aM are
presented, while section 6 concludes the deliverable.
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This section will explain the method for defining the information flows and interfaces between the different
ReCaM building blocks specified in a sepaBigding Bock Specificatiodocument. When evaluating the
interfaces and information flows of ReCaM processes and associated building blocks, two viewpoints were
taken:

1. Process viewpoint
9 Describes the flow of activities that take place during the ReCaM procedsthan
information inputs, outputs, resources and controls, which are involved in those activities.
1 Isindependent from the implementation of the S&y/stems.
2. System (SW) viewpoint
91 Describes the information systems that are used during the ReCaM procesthand
information flows between these systems. Includes inputs needed by the system, outputs
produced by the system and the formats of these inputs and outputs.
1 Related to the specific S¥ystem implementation taken by the ReCaM partners.

The process viewpnt was taken to identify the ReCaM process and its activities (concentrating on
reconfiguration scenario) that would support the ReCaM targets defined in the Deliverables 1.1 and 1.2.
Implementation independent viewpoint was taken, in order to allow #uetivities to be performed by
different tools and on different automation level. Furthermore, the aim was to avoid to@@&kited view,

which may have led to a situation in which some important activities would have been neglected, if they
were not part d the already specifieduilding blocks. Together with the Sbviented view, the activity
diagrams helped to identify possible missing steps or tools that still need to be considered for development,
or functionalities that need to be implemented into tikeCaM building blocks. The diagrams also helped in
defining the information content needed during different phases of the ReCaM process. Therefore, they
provided valuable input for the definition of the services and their content.

The tasks that the diffent building blocks are supposed to perform determine the input information that
the block needs. In addition, it determines the outputs that the block can produce. These inputs and outputs
have already been specified in tBaiilding Block Specificatislocument. Furthermore, an excel table was
constructed to see that for each piece of input information there is also a provider. The purpose of this table
was to identify which building blocks need to interact with each other and what kind of informédteyn t
should share. This was used to focus the definition of interface data betyagners providing input or
development effort to the block, or requiring output out of it. addition, it was used to identify any missing
information sourcesin the D2.1, it was definedthat the information flows between the building blocks

will take place through services. Thus, a set of services to convey the needed information was defined.

27.10.2016 106'8



R — H2026FoF2015 D2.3: Architecture for data modk
flexible Production S Grant agreement680759 and information exchanc

3 tNRPOSaa 2NASYUOSR OaMPy B2 awS/YVIHeNS DR N de&
RAINI Y a

An activity model captures activities and the corresponding information flows between the activities. In
ReCalMetting, i.e. in the case of production system reconfiguration planning,-aatdiguration and aute
programming, activity modds a toolto model and analyse the activities that are needed in such context,

as well as the information flows and resources that are necessary to perform those activities. The activity
diagrams are modelled using IDH&Aguage, which is a textual and graphicaldalling language for system
analysis and specification. It is designed to model the decisions, actions and activities of an organization or
system.

Controls
(Information which represents the
rules under which the activity must

operate )

Input S
(Information ACtI,VIty Qutput
needed to (F“"C"t‘f" or (Information >
perform the cl’?era 'an produced by
activity) performed by the activity)
human or machine )
Resources

(Static information resources
needed to perform the task )

Figurel. Elements in IDEF@iagrams.

Figurel presents the elements of IDEEgrams. Resources, in this context, represent static information
resources that the activity may use selectively depending on the needs of tb#is#uation. These may

0S (22ftasx AYyF2NNIGAZ2Y Y2RSftfasx az2Fdsl NBx YSiK2Ra
resource is not modified by the activity it takes part in and it remains unchanged over a certain time interval,
depending on tk resource. Each activity box may be decomposed into itsastitities in another more
detailed diagram. The description of the activities of a system can easily be refined into yet greater detall
until the model is as descriptive as is necessary fordingisionmaking task at hand. (Knowledge Based
Systems Inc.)

In the scope of ReCaM the activities are presented down to the levels 2 and 3. The explanations of the used
terms indicating the inputs, outputs, controls and resources in the diagrams, casuhd from Tablel.

Figure2 FigurelO represent the diagrams, while the activities are shortly discussed indgefdtm below

each diagram. It has to be noted that here, the activity diagrams are modelled independently from the actual
implementation of the SWools. It means that there may be multiple alternative tools (more or less
automated) to perform a certainaivity. Later in theSection4.3 \ReCaM Bilding Blocks and provided
serviceQthese activities are connected to certain $als utilized or developed during ReCaM, namely the
ReCaM Building Blocks. In addition, the activities consider only the main ReCaM scenario, namely
reconfiguring the prodction system from one product to another, while e.g. building a new mechatronic
object and its resource description are out of the scope of the presented diagrams.
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3.1.1 Top level activities

3.1.2 Node AO: Overall reconfiguration schema

Reconfigumtion  Production Physical Time&Cost  Opfmization Target KPls
Design uidelines CONSMENS  constraints  CONStraimts  objectives

constraints
Product model Product
——— [~ interaction
Waterial 1 Defining and = constraints
requirements modelling of Capabilty requirements. Listofmatching
L J product (capabilties, their parameters. capabilties and Search space
T"'“";:m_{—- requirements & sequence) = PRD "*W"*S [W"‘D‘"E“U”S’/‘ resource pool, existing layouf),
requirements a1 el 1 J PRD (or subset ofit)
Listof missing
Product order Matching product capabilities
requirements with Vs
Resource peol resource l 4
{seardn space) c Reconfguration
Creati costestimates
Cument system A2 o :n[:; nga | selected system oo gosmtion plan and
guration configuration g
description e T adions
(resources & layout) and production
plan for the
Userdefined system Sequence of
eriteria A3 executable capabiliies
Resource Creating
availability executable /
schedule Producti capability
plan I sequence ="
Ad —* Recenfiguring, Trigger Deployment ready”
integrating and
deploying the system
] — AS
Userreq Executing & Statistical data,
controlling the ~ +—/—— Resource
production history
system
AB [ “—»Senvicecal
Product
Requiment
Description Capanity
Production Model (PRD} model
engineering Product WES
knewdedge interactions cﬂ;';ﬂz;':ﬂes a
i P esource
(manuf process, constraints Resource rocess RS

Time & Cost
materials,...) Capability reference data descriptions  decompostion

matching rules pattems HW

Figure2. AO: Overall reconfiguration schema.

Alc Defining and modellingf product requirements

During this activity, the product requirements affecting the production system design and the requirements
for reconfiguration will be defied and modelled. The end result from this activity will be the product
requirement description.

A2 ¢ Matching product requirements with resource capabilities

This activity concentrates on matching the requirements set by the product with the capahiiteided

by the resourcesThe strategy of the matchmaking may be adjusted case by case by the designer. E.g. i
reconfiguration context, the matcinay befirst targeted to the existing system layout and its components,
after which new resources will explored for missing capability requirements.

A3¢ Creating a reconfiguration and production plan for the system
This activity aims to specify how the current system needs to be changed in order to meet the new
requirements. The changes can be either gibgl, logical or parametric.

A4 ¢ Creating executable capability sequence

This activity maps the required capabilities to the executable capabilities of specific resources and creates
the sequence of these executable capabilities, includingpdrameter values, in order to manufacture or
assemble a product, or batch of products, specified in production plan, with a specific production system
layout and configuration.

A5 ¢ Reconfiguring, integrating and deploying the system
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This activity reconfures and integrates the physical system as an operating one and deploys the
configuration to the operational production system.

A6 ¢ Executing & controlling the production system

This activity executes and controls the operating production system, raoditors and reports its
operations.

3.2 2"]evel activities

3.2.1 Node Al: Defining and modelling of product requirements

Design
constraints
Product model l Manufacturing and
' : assembly
Analysing features.
product parts Process steps &
Waterial and features sequence
requirements ——| A1
»
Tolerance and
~ Quality Defining process
requirements steps
A2
Product order
Fixturing L.
requirements Defining and Capability requirements
modelling of E————— (capabilities, their
. ters
required pamme
L & sequence)= PRD
capabilities s !
Modelling alki
| product
interaction
PR, i
constraints . Product interaction
Ald " canstraints
Abstract resource Production engineering Product Requi t
description/Resource knovdedge (manuf gewiptmurl.:zn;;n
description (interfaces) process, materials,... ) PROM}

Figure3. Al: Defining and modelling of product requirements.

Al1l¢ Analysing product parts and features

This a&tivity aims to identify the features that affect the process selection and the sequence of the process
activities.

Al12¢ Defining process steps
During this activity the process steps needed for the manufacture or assembly of the product is created

basedon the identified manufacturing and assembly features. Also the precedence constraints of the steps
are defined.
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A13¢ Defining and modelling of required capabilities

During this activity the required capabilities, including the capability parametsrspecified in more detail
based on the required process steps and the feature propertieaddition to the parameters relating to
products geometrical characteristics, the capability parameters may include technological requirements
relating to the reuired process, such as desired torque or feed ratais activity produces the product
requirement description.

Al4- Modelling product interaction constraints

During this activity the interaction constraints between product interface and a specific resource interface
will be modelled. This activity takes place only when there are specific interaction constraints between the
product and certain resource interface

3.2.2 Node A2: Matching product requirements with resource capabilities

Design
constraints
|

Matches on capability
concept name level

Comparing
requirements with
capabilities of current
-~ resource combinations

Capabilty requirements
(capabiltties, their
parameters &
sequence) = PRD

Curmentsystem
description (layout &—
resources)

at concept name level
A1

Comparing

requirements with
the current resource

List of missing capabilties

List of matching
capabilities & resources
{combinations) (on
current layout}

combinations at
parameter level

List of missing
capabililities

A22
Generating new
Tesource
combinations Resouce
matching with combinations
Resource pool capabilities (names
(ssarch spacz) & parameters)
AZ3 Checking interfface |——
—_f—" compatibility inside
resource List of matching
combinations capabilities &
resources
‘ réi (combinations)
Capability Combined Resource Product Capability

model capability rules  descriptions interactions

constraints

matching rules

Figured. A2: Matching product requirements with resource capabilities.

A21¢ Comparing requirements with capabilities of current resource combinatiataept name level

This activity aims to compare the required capabilities with the capabilities possessed by the combinations
of resources in the current system layout at the capability concept name level. The idea is to see if there
already exist resourccombinations, for example workstations, that are able to fulfil the given requirement
without any changesThis activity is optional and shows one possible scenario on how the resource pool
(search space) may evolve during the reconfiguration planning.designer may skip this step and start
directly from A23 if no value is given on the reuse of the existing system layout.
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A22¢ Comparing requirements with the current resource combinations at parameter level

During this activity, the detailed matchetween the required and provided capabilities is evaluated. This
means that the capabilities matching the requirements at the capability concept name level are compared
with the requirements at the capability parameter level. This matching is done acgaalihe capability
matching rules.

A23¢ Generating new resource combinations matching with capability requirements (names & parameters)
During this activity, new resource combinations which match with the given product requirermalhtse
created fom the given resource pool. This matchmaking phase includes checking both the capability name
and its parameters.

A24¢ Checking interface compatibility inside resource combinations

This activity will make sure that the resources involved in the resaron®inations found in the previous
phase can actually be combined, i.e. that their interfaces are compatible.

3.2.3 Node A3: Creating a reconfiguration and production plan for the system

Capabilties
mﬂtd-,pmg without Dresign Physical Reconfiguration Production  Time & Cost Ontimisat Targ
: constraints constraints guidelines. constraints  constraints pimisation  p)g
phywcalichanges i | objedtives
List of missing
capabilities
L_. Evaluating the } [
Capabily needed adaptation bll_'rist UE""'iSS“"Q N _
apabi capabilities (process steps)
requirements t_ype (physwcal,_
(capabilties, their logical, parametric)
parameters & ™ A3l
sequence) =PRD r'y Defining new
Search space
search space {resource pool,
List of matching layout )
capabilties & [ A32 System PRD (or subset of t})
resoUces: configuration ( Y
(combinations) on v scenarios
current layout — 1 Generating
List of matching system
resources h configuration
> scenarios
Cumentsystem f > A33] Sekected system
description (Jayout . 3 configuration
& resources) Product LA Y ¥
ro Reconfiguration
Resource recipe _Evalu_anng the . plan and adions
a\.vsilabilitya'—L | conﬂguratl_on scenarios (physical, logical,
Schedule and selecting the most parametric)
+ suitable one Reconfiguration
User defined [ costestimates
criteria ‘ A4
Product order Production plan,
Selected produdtion
sequence, lot size
—
\j Time & Cost
Reconfiguration In-house Catalogue MES reference data
guidelines. resounce resournce

descriptions descriptions

Figureb5. A3: Creating a reconfiguration and production plan for the system.

A31¢ Evaluating the needed adaptation type (physical, logical, parametric)
This activity aims to specify what kind of reconfiguration is required in order to fulfil the product
requirements. The reconfiguration can be either physical, logical or parametric.
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A32¢ Defining new resource search space

The aim of this activity is to define a new search space (resource pool) from where to look for resources that
possess the required capabilh Sa® Ly 3ISYSNIfx GKS &aSFNOK akKz2dz R
NE&2dz2NOS OFdlf23dzSa IyRE AT GKSNB Aa y2 YIGOK:I (K
g NBK2dzaSaQ OFdlFf23dzSad | 2 ¢S JS NEet theNdBuiidd Bedrchispagedzt R 0
This activity will iterate with the capability matching activity by gradually extending the search space if no
matches are found.

A33¢ Generating system configuration scenarios

During this activity different configuratiorcenarios of the suitable resources and resource combinations
fulfilling the capability requirements are generated. These configuration scenarios represent different
options for adapting the system at the physical, logical or parametric levels.

A34¢ Evalating the configuration scenarios and selecting the most suitable one

This activity aims to identify the most suitable system configuration for the given situation based on the
capabilities and availability of the devices, the production plan, as waitfasent userdefined and context
specific criteria, such as energy consumption. After the selection has been made, the actual reconfiguration
actions can take place.

3.2.4 Node A4: Creating executable capability sequence

Design
constraints

— Analysing

available
Exe cutable Executabl
Xgcuable
Capabilities | Capabilties
Ad1
Production Plan —————————————y Y
Selected system Creating Production Exgcution sequence
configuration ] » BExecution Sequen ce for process step
Product » for a process step and
Requirements #  setting parameters
Description (PRD)
Ad2 A .
ggregating
3 [ [ duct Sequence of
pro UC_DH e £xECULADIE
. exacution capabilties
seguences and
routing
Ad3
Resource Product Process
descriptions interaction decomposition

constrains pattems

Figure6. A4: Creating executable capability sequence.

A41¢ Analysing available Executable Capabilities
This activity finds and analyses the Executable Capabilities available within the selected resource
combinations, which are providing implementation for the reégd capabilities.
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A42¢ Creating production execution sequence for a process step and setting parameters

This activity decomposes the process requirements into sequence of actions in terms of Executable
Capabilities, for example pick&place requiremé&ntdecomposed into sequence of moving, grasping and
releasing actions. Additionally, this activity should figure out the required auxiliary actions needed to
accomplish the production, like transport actions. Output is an execution sequence (or mutipieatve
sequences) for a process step. Multiple alternatives may be provided if the product requirement can be
fulfilled by different resources on the production system.

A43¢ Aggregating production execution sequences and routing

This activityaggregates the different production execution sequences for a process step into one sequence
for the whole product, or batch of multiple different products. It compiles the alternative routing options
and produces the full executable capability sequentadr{g into account different routing optiorfer the
product) including the MO specific parameter values for the executable capabilities.

3.2.5 Node A5: Reconfiguring, integrating and deploying the system

Physical
constraints.

Recognising Cumrent system layout

System Layout

Trigger
"MewHardware integrated® AB1

Reconfiguration Integrating
actions and plan———# System I
Selected system Hardware
" —
configuration A52 Managing
Y » System
Configuration
Ab3
Making Curment system
orchestration configuration + GUI
> and GUI
Resource | Ab4
Descrton i
commissioning Trigger “Deployment
the system ready

A55

Cument system
configuration

Resource
descriptions

Resource
Instance
HW

Figure7. A5: Reconfiguring, integrating and deploying the system.

A51¢ Recognising System Layout

This activity aims to recognise the physical as well as the logical layout of the production system and how
the different MOs are connected physicallyacquiresmformation provided by the system controller about
hubs, location and arrangement of M@sd elaborates this informatiom order to provide a logical
arrangement of the resources composing the production system. This information will be used to generate
the current state of the system.

A52¢ Integrating system hardware

This activity aims to physically setting up and integrating the systems hardware (resource instance HW)
according to the reconfiguration plan.

27.10.2016 106/15



A — H2026FoF2015 D2.3: Architecture for data modk
Faihla. Frodtiction Syt Grant agreement680759 and information exchan

A53¢ Managing system configuration

Duringthis activity, the involved mechatronic objects gets digitally assigned to a federation. As a result, the
configuration represents all included MOs, independent from its state of being set up or not. Additionally,
it is also defined which MOs within thermmunication network are not part of the federation and cannot

be considered for production. The data is loaded directly from the resources or from a database.
Additionally, the digital representation of the MOs is linked to its physical MO through @maesit of IDs

or addresses.

A54¢ Making orchestration and GUI
During this activity, a common GUI and visualisation of the federation is crémtéte operator

A55¢ Deploying and commissioning the system
During this activity, the federation configations is deployed to the involved resources (including

parameterization, product requirement descriptions, services, etc.) and the system is ssiomeid into
operational state.

3.2.6 Node A6: Executing and controlling the production system

Sequence of executable

Production Plan/ capabilities

Schedule i’

Sequence of Short term Command task Process data

executable »> planning »> execution

capabilities —>

A61 AB5
System state
Monitor System Recording stical
MO states ———— State » Statistical Data — * Staélas:;c 2
AB4 AB3

Call and execute

User ﬁ Provide HMI external services | senice call
request
AB2 AB6

Resource
descriptions

Figure8. A6: Executing and controlling the production system.

A61¢ Short term planning
In this activity the production schedule as well as the system state are being used to conduct the short term
planning. During this step, small differences between the planned system state and thesystieah states

are handled. This may mean e.g. that certain process steps are assigned to alternative resources if the
planned resource is busy or broken.

A62¢ Provide HMI

This activity visualises the production system based on the current state of the system, triggered by the user.
Furthermore, it offers an operator interface to fine tune the production system.
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A63¢ Recording Statistical Data
This activitystores the statistical and operational data from the production system, which then can be used
in more accurate system simulation and evaluation results.

A64¢ Monitor system state
This activity monitors the current state of the production resources (M8 provides this information to
the short and long term planning.

A65¢ Command task execution
This activity commands the different services and MOs according to the tasks defined in the fine planned
production schedule.

A66¢ Execute external sepas
This activity aims to host external or auxiliary services associated to the real time environment and/or
production system.

3.3 3rd level activities

The node A34: Evaluating the configuration scenarios and selecting the most feasible one has been further
detailed in two separate scenarios, namely reconfiguration scenario and greenfield design scenario. These
will be presented next, starting with the cenfiguration scenario.

3.3.1 Node A34R: Evaluating the configuration scenarios and selecting the most feasible-one
Reconfiguration phase

Re_conf\guratiun Time & Cost Optimisation
Parametric  Resource availability guidelines and constraints objectives
constrains constraints rules

Product Order
Product Statistics System level
and estimates state model _ Selected system
™ configuration

Resource availability /

Schedul
che UGI System Model

Resource Histos .
(MTTF MTT%i' Generation

[y

User defined criteria

Estimated and actions
performance
parameters

Target KPIs
Product recipes I A341 Integrated production output KPIs E)F;*r‘gz‘;‘r'ivc'fg'ca‘v
System Layout & reconfiguration
evaluation
Verified MO v Y
optimization [\ sSelected Production

the chosen plan

4 Reconfiguration plan
Reconfiguration
configuration scenarios { -
! A3;1 2 ; System cost estimates
sequence, lot size
A343, 1 Service levels/ lateness
List of used input V and other KPIs under

Optimal .
1 (_/ reconfiguration Virtual system

visualisation [, Virtual system
representation

A344

In-house resource  Structural and Logical  \;eg  Integrated production and Time & Cost Optimization Visualization
descriptions layout recognition reconfiguration analysis reference data Environment

Figure9. A34R: Evaluating the configuration scenarios and selecting the most feasible &seonfiguration phase.
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A341R- System model generation

Systemmodel generation develops the &fkovian state model of the entire system composed of MOs
considering alternative reconfiguration scenarios. Ttasiders information related to the actustiate of

MO reliability, availability, processing speed, product recipe and information coming from the matchmaking
on configuration scenarios. Then, the system model is verified for correctness and quantitative model
parameters are estimated and conveyidthe performance evaluation.

A34LR- Integrated Production and Reconfiguration evaluation

This activity performs the quantitative evaluation of the system level model considering chosen
performance indicators (KPIs). It considers user defamigeriain order to carry out alternative analysis and
output modes ofresults. Main interest of KP&re indicators that allow to achieve better line utilization,
efficiency, service level and throughput will be considered. This process should be carried @lafively

short time in order to enabléderative improvement scenaria® reach optimized results.

A343R- Optimization of system performance

The system performance optimization uses algorithms that are aimed at searching optimal reconfiguration
and production plans that perform best for the selected set of KPIs. Thus, the techniques and the tools that
will be used for optimization will be adjiesl according to the specific optimization goalsgémeral these

tools work by iteratively calling the performance evaluation process and by tuning the input parameters
that lead to the optimal solution. The optimal production and reconfiguration glsecorresponding KPIs

that can be achieved under this solution, and the input parameters to be used will be provided as the output
results of this activity.

A34R- Virtual system visualization

This activity supposthe virtual visualization of choselystem configurations, which can be the output of
the optimization or a scenario that is interesting for the user to investigate.
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3.3.2 Node A34G: Evaluating configuration scenarios and selecting the most feasible Gneenfield
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Figurel0. A34G: Evaluating configuration scenarios and selecting the most feasible- @reenfield design phase

A341G Assembly System Model Generation

The assembly system model generation imports the feasible MO matching resultghatdesign
environment and add further information about product recipe, estimated demand and uncertainty, and
other user defined criteria to be considered. Thus, usingittput information this activity will generate
alternative feasible configuratioscenarios and generate the assembly system model of each scenario.

A342G- System Performance evaluation

This activity estimatethe performance of each configuration considering the evaluation criteria provided
by the user as set of target KPlIs. It sladoe supported by fast computation techniques in order to enable
the analysis of many configurations within an acceptable time window. The output performances that can
be guaranteed by each configuration, and the input parameters used for the configqwsatiti be fed to

the optimization.

A343G- Optimizing the system performance

The perfemance optimization will take as an inptite output of the system performance evaluation and

the input parametersused in that specific evaluation. It manipulates tinput parameters that can be
exploited to improve the system performance, such as degrees of freedom in procpesiegienciesand
feasible values of parameters. The optimization process is carried out with iterative calls to the system
performance evaludon until the optimization targets are met. This activity resuitdo optimal
configurations called &eto frontier. Thecandidate Pareto optimal solutions will be selectadan expert
taking into account competing KPIs or strategies
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A344G- DES simation and robustness analysis

The discrete event simulation is carried out on a selected set of configurations with the goal to verify and
validate the results that are obtained from the analytical evaluation and optimization process. Additionally,
analyss on the robustness of optimal solutions is performed in order to test the validity of optimal results
under potential input parameter changes. This step helps to check that not only the solutions are optimal
but also robust to unanticipated changes.

A34G- Virtual system visualization
This activity supports the virtual visualization of chosen system configurations, which can be the output of

the optimization or a scenario that is interesting for the user to investigate.

3.4 Description of the informationelements of the diagrams

InTablel, the terms appearing in the presented IDER&grams are explained in alphabetical order.

Tablel. Explanation of the terms appearing in the IDE§phs.

TERM

EXPLANATION

Capability
matching rules

These rules are used to make a detailed match between the required capabilities ar
provided capabilities. They include algorithms on how to compare the product require
description with the capability descripins of the given resource pool.

Capability
requirements
(capabilities,
their parameters
& sequence) =
PRD

Functional requirements for resources, set by the product characteristics. These are the s
processes required for the production ofgarticular product with the required quality an
volume. Capability requirements include the requirement for the functional capability
GAONB gAY ITET AaGNIyaLRNIAYIES GRNATEAYyIED
GOSt20A0eN) yRALR NEESY Héi OF LI 0Af AGRODP ¢KS
definition of sequence (precedence constraints) in which the capabilities should take place
the production process in order to manufacture or assemble the product. The capg
requirements are presented in the form of Product Requirement Description (PRD).

Capability model

A model of capabilities, including the capability concept name and the capability paran
relating to each capability. The capability model includes@atons between capabilities, the
indicate which simple capabilities are needed in order to achieve combined capab
Capability model links the capabilities to a process taxonomy, which is a hierarchical t
different production processes. The taxonomy allows linking of capabilities at differe
abstraction levels and the search for devices which provide similar functions (e.g. joining
different behaviours (e.g. welding, gluing, riveting). Both the product requirements and res
capabiities refer to this taxonomy, enabling the mapping of the capabilities at diffe
abstraction levels.

capability rules

Configuration General rules and guidelines to be considered regarding the configuration of My earadl
rules factory design constraints during the Green Field design phase.
Combined Combined capability rules are used to combine the parameters of simple capabilities in of

derive the parameters of the combined capabilities, which consitede simple capabilities.

Current system
configuration

Current system configuration (incl. System layout) as foundation for generatiG1JI.

Current system
configuration +
GUI

Current configuration incl. GUI, which is representing the systemeamathles the execution o
operator commands

Current system
layout

Current logical and structural system layout containing the MOs (incl. their state), their loc:
as well as the capabilities provided.

Current system
description

(layout &

resources)

A description of the existing production system. Includes the description of each indiy
resource composing the system and description of the layout and resource linkages (topo
the system).
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Design
constraints

Constraints on the production system designs imposed by corporate policy, layout, s
reference architecture, technology used, transportation and material flow strategy, ergono
or the paradigm which is followed.

Executable
capabilities

Executablecapability implements a capability. It is a resource specific implementation of ce
capability. It is used to control the actual execution of the processes, thus it has input
outputs to trigger the execution and to set the machine specific patarse This associate
something, usually physical, action happening at MO.

Execution
sequence
process step

for

The execution sequence for a process step defines the sequence of executable capabilit
need to be run, including the parameter valuas,drder to perform one step in the produc
manufacturing or assembly process (i.e. one process step from the product requireg
description). Depending on the implementation of executable capabilities on each specifi
the execution sequence may corisis 2 F 2y S 2NJ Ylyeée SESOdzil
AN AaLAYy3IE Qad aY2@0S¢2¢é b a2LISYCAYIASNEE b

Fixturing The fixturing requirements specify the requirements concerning the billet, part or pro
requirements fixturing for the processing.

Input The list of parameters that are estimated and provided as inputs for the analysis model/toc
parameters necessary to evaluate and obtain the output parameter.

List of matching| A jist or matrix of all capability requirements (process steps) that can be satisfied with ¢
?:s?oal?rlclzlgzs &| resources or resource combinations. Depending on the search space, this may contain the

(combinations)

capability matches on the current production system layout c@ thund matches from the
resource catalogues.

List of missing
capabilities

A list of capabilities that are missing from the current system layout and need to be obtain
either physical, logical or parametric reconfiguration actions. Mayraffew to capabilities which
camot be satisfied with the current search space, indicating that the search space needs
extended.

List of matching

A list of resources which match to certain capability requirements.

resources
List of optimal| These are optimal solutions which score best according to the optimization criteria but alg
and robust | impacted by changes in the input parameters, thus qualifying both as optimal and r
solutions solutions.

Manufacturing | The principal felures of the product or part, which affect the processing decisions, ident
and assembly| from the product model. These include, for example, the shape, type and dimensions

features feature.

Matches on| A list of capabilities matchindhé product requirements at the capability concept name le
capability Contains a list of capabilitgquirementc resource matches.

concept name

level

Material Special requirements concerning the production processes and process parameters set

requirements

specific material characteristics.

MES

Manufacturing Execution System (MES) will feed the information related to the production
resource schedules and alldimms. The reconfiguration plan must take into account f{
constraints set by the delivery dates and resource availability.

MO states MO states includes information about the resource state. Such information could include
on other job, idle, broke, down for maintenance, etc.

Optimal Are the set of configurations that score high (maximization problem) or minimum (minimiz

configurations problem) considering the chosen set of output KPIs.

Optimization These are system goals that amathematically formulated as maximization (for utility

objectives functions) or minimization (if they are cost functions) problems to be solved under a given
of constraints. The optimization objectives are performance by searching from the solutior
within the feasible set of configurations or reconfiguration solutions.

Output Chosen set of KPIs selected as indicators of system output performances in the analysis t

performance later selected by the user.

measures
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Output system| Thequantitative values corresponding to the output KPIs provided by analysis models and

performance in the case of estimation/prediction. On the other hand these can be evaluated from
information extracted from MES about historical values of past/actual produstatistics.

Parametric Constraints related to the MOs capabilities and processing requirements and the valid ran

constraints

parameters that can be used coming after validated by match making process at paramet
level.

Physical
constraints

The dinensional constraints set by the facility space and other devices on the factory floor

Process data

Current data being collected during execution of the system.

Process Process decomposition patterns are patterns or rules whiefing from which lower leve
decomposition | activities the upper level functional capability is composed of and in which order the acti
patterns should take place in order to accomplish the upper level capability. These patterns are u
formulate the sequence of execuike capabilities for a certain process requirement. E.g.
LI GGSNY YIe& RSTAYS GKIG GCAYISNDNI ALAYIE
b a0ft2aSCAY3ISNBEE b aY2pSe2é SESOdzil ot S O
Processing Processing constraints include constraints defined for the valid range of MO parameter val

constraints

that can be chosen for processing a given product feature. Additional constraints regard th
alternative valid processing precedences that can be consideredpfiardaict.

Process steps &

A definition of the manufacturing and assembly process based on the identified manufac

sequence and assembly features, i.e. a process plan. Includes the process steps and their tempo
logical order (i.e. precedenceonstraints), and specific requirements related to each proc
step.

Product Product interaction constraints defines the constraints for interacting with the part or prody

interaction This information can be used to connect the part ansbrgrce interface together. Tlyamay

constraints

define e.g. positions for gripping.

Product recipe

Is the result of matching the process description to a specific executing hardware. It
description of tasks that the associate machine has to execute to deligpecific function o
process, as well as the specific parameters required by this machine for execution and sal
the process description.

Product
statistics
estimates

and

Long term estimates of demand related to product variants in differenetimndows, such as
units/year and related variations/uncertainties to each product variant.

Production
constraints

The requirements and limitations on facility adaptation which are derived from ong
production management considerations, including catrand future production commitments

Production
engineering
knowledge
(manuf.
processes,

YI GSNAI

General knowledge of the manufacturing processes which could be used to make a
component, subsystem or assembly, and the limitations imposesubli processes. Informatio
about the characteristics of raw materials, such as structural, chemical, thermal and ele
properties. This includes engineering knowledge about the material betvawih different
processes and process parameters. liplseto define suitable manufacturing and assem
methods, and associated parameters, for the product.

Production
estimates,
uncertainties

Estimate of production rates, e.g. Jobs per hour, quality indicators effective production pet
time, and relateduncertainty of these KPI estimates in terms of second order indicators usi
such as variances or standard deviations.

Product model

This is a computeinterpretable representation of the product and its assembly structure
typically includes a 3D ©Anodel of the product and its components, their geomet
dimensions, materials, tolerances and surface finishes.

Product order

Order of product(s) or part(s), their quantities to be produced and their nominal delivery dz

Production
plan/schedule

Production plan defines the schedule for producing different products in the production fa
Includes the planned starting times and finishing times of different activities relatec®tdRpaiz(
manufacture or assembly, and the allocation of resoufoe®ach process step.
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Product
Requirement
Description
Model (PRDM)

The Product Requirement Description Model is used to create the Product Require
Description, which defines the needed process steps for manufacturing or assembilir]
product and asociated capability requirements. The model describes the capa
requirements by using the same process taxonomy that is used to describe the capabili
resources.

Reconfiguration
cost estimate

Estimation of the total cost of reconfiguring theogluction system, including layout, devices a
tooling, installation, programming, training, etc.

Reconfiguration
plan and actions

Reconfiguration plan defines the reconfiguration actions and their timing. Reconfigur
actions define how the currensystem needs to be modified in order to meet the ng
requirements. These changes include the needed physical changes, such as adding
logical changes, such as changing the product routing, or parametric changes, such as ¢
the processing pameters of the machines.

Reconfiguration
strategies and
guidelines

Context and domain specific guidelines that guide the reconfiguration planning proces
guidelines are defined by the company policies, philosophy and way of doing things. The
guide, for example, to what extent resources should b&sed and howhe trade-off between
new, efficient but expensive equipment and old, cheap but slow equipment should be han

Resource
description

A formal description of the production resources which may be available for manufacturi
assembling a product. Thesources may include e.g. fabrication machines (turning, mil
Lzy OKAYy3IZX0T aaSvyoteée YIOKAySa oNRo2Gaxz

KFYyRfAYy3a YR GNIXyaLR2NI RSGAOSAT G22f a nd
fixtures. The resource description covers the following important aspects of the reso
capability of the resource, interfaces, physical characteristics, business and lifecycle inforn
and models of the resource.

Resource history

Statisticainformation that is gathered about existing MOs in the system and in the catalog
This historical information is related to: reliability such as (Mean time to failure (MTTF) anc
mean time torepair (MTTR)), quality such as process capability of MOsjaatity yield that
can be achieved by using different MOs.

Resource A formal description of the production resource instances (MOs). Accumulated stora
Instance information about specific resource instance, containing its current capahilidl characteristics
Description and adjusted or measured parametric information.

Resource The actual resource instances which exist physically in the factory, i.e. the real existing prog
instances HW resourcesThey arghe MOs.

Resource A (formdised) description of the resource interfaces, including mechanical, energy
interfaces communication interfaces. They allow the matching of resources with other resources h

compatible interfaces. Resource interfaces are published by the Resource Description.

Resource The resource schedule and availability indicates the current and planned times of utilizat
schedule/ the resources in the production facility. This shows whether the resource is currently allo
availability to another production taskr if it is freely available.

Resource pool

Resource pool defines the search space of resources for which the capability matching is
targeted. May include e.g. the existing layouthiouse resource library, global resource
catalogues and/or somimdividual resources.

Search space
(resource pool,

Search space defines the input data for the capahitistchmakingalgorithm. It includes the
resources that can be used for matchmaking, and the Product Requirement Descriptamy(c

existing layout, | some steps of it). The resource search spaesource poolnay consist of only the current
PRD) layout, or some other set of resources or resource libraries.

Selected Lot size refers to the number/quantity of products thetould be delivered at a specified time
production Sequence refers to the particular order of processing sequences of different lots in the
sequence, lot| production system.

size
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Selected system
configuration

The selected system configuration is the system configuration that is seen as feasible for th
production problem in the specific context. The selection is based on the capabilitie
availability of the system and different usdefined criteria,such as costs, speed or ener|
efficiency as well as different company and domsjiecific constraints and the condition of th
resources.

Service call

Call of external services by usagedaffined communication protocolntludes e.g. addres
enabling he initiation of external value adding services.

Service
levels/lateness
and other KPls

Indicates the level of guarantee(probability) that can be achieved by a selected reconfigur
and production plan. E.g. the probability@mpleting a lot given a reconfiguration plan and
lot completion time. Other shosterm or longterm performance indicators can also be

under the | formulated considering service levels.

chosen plan

Sequence off Sequence of executable capabilities cotsstd the sequence of executable capabilities, includ
executable the parameter values, that have to be run on certain resources in order to produce the prg
capabilities or batch of products, defined in the production plan.

Statistical data

Includes data which has been collected from the factory floor during production execution
relate to e.g. tasks times on different machines.

System Different system configuration scenarios matching the capability requirenssatsy the product
configuration order. Includes the specific resources and the layout in which they are ordered.
scenarios

System cost| The cost of MOs includirtgansportation, processing and additional units that need to be
estimates acquired to realize a given system configtion selected during the greefield design phase.
System level| State space models, mainly using a Markovian approach generated in order to capture the
state model behaviour of MOs at station level considering the relevant MOs characteristics and their sy

level interactions and material flows through the system.

System state

Current state of the system containing the MOs as well as their state. Might also include ¢

ailridSa tA1S aAy LINPRdAzOGA2Yyda 2NJ GARf Sao
Target KPIs Quantified values of the system KPIs that must be achieved by the system. Target KPIs
derived as dranslation of the customer requests into system KPI requirements.
Time & Cost| The limitations imposed by product and production planning, and other corporate deci
constraints regarding the acceptable manufacturing costs and timenarket for a product.
Time & cost| Data that specify estimated times and costs for standapérations and can be used in th
reference data | preliminary cost estimates.
Tolerance and| The requirements for part tolerances and quality.
quality
requirements
Trigger Giving the event as soon as the system is being ready for execution.
G5SLX 28
NEI R& ¢
¢ NJ& 3 3 Seéw | Trigger which is given when a change in the system configuration is requested.
hardware
Ay idSaNT
User defined| The various usedefined criteria that are used to compare different production syst
criteria configuration scenarios against each othefhese criteria may relate, for example, to cos

speed or energy efficiency.

User request

User requesting possibility to interact with the system

Verified MO | These are the feasible set of MO configurations consideringefeirements in MO interfacing
configuration satisfying the capability needed by the product requirements and other constraints that are
scenarios defined in the rules of the matemaking process.

Visual The visual representation of the system shows the selectadiguration and its relevant
representation | components in a realistic 3D representation. The 3D environment can support the animati

chosen system behaviours.

27.10.2016

106/24



R —— H2020FoF2015 D2.3: Architecture for data modke
Hiaibla. Rrostiailon.g Grant agreement680759 and information exchan

4 {22NASY(ISR OmSah URAWH/ Ifa201a YR GKSAN
It was defined in théD2.1. Overall Syem Architecturethat the information flows between the ReCaM
building blocks will take place through services. The communication between different building blocks can
be divided in two groups. The first group of communication takes place between ttveasefblocks that

build up the backbone of ReCaM and that do not require-tiead capability. These blocks contain all
engineering tools as well as planning and optimisation of production and reconfiguration. This group
communicates via services and migige configurable pointo-point connections. The other group of
communication takes place between the mechatronic objects during production wheretimesal
requirements might exist and components of different vendors shall be interchangeable easilyfoliéere

a common communication standard with low latency is required. In the following section the requirements
and possible technologies for the ReCaM information exchange architecture are discussed in more detail,
continuing with the definition of the seiwes provided by the ReCaM software building blocks.

4.1 ReCaM Information Exchange Architecture

ReCaM follows message and service oriented architecture as underlying architecture for information
exchange. This will enable loosely coupled entities enclosedeasces, which will be transferring
information between, for and inside the activities in the ReCaM work flow. The ReCaM information
exchange architecture should respond to the requirements setlir2 Definition of hardware and software
requirementsandbe aligned witiD2.1 Overall system architecture

It has been identified that ReCaM information exchange architecture contains three layers, of which two
top ones will be harmonised. These layers are Engineering Environment Exchange; Shopfloor System
Controls; and Machine Controls layers. The last layer is not harmonised by the ReCaM architecture, but is
encapsulated inside a single MO and thus left for the vendor to decide. The requirements for each layer are
defined below.

4.1.1 Requirements for ReCaM Infmation Exchange Architecture
General requirements regarding communication technology:

Easy to implement, low effort required

Compatibility with writing message to file and reading from a file. Message exchange via files (e.qg.
XMl:files) might be the easst way to handle the first integration tests without the need to meet

the requirements of a specific exchange protocol(s). They can be send via email and the interfaces
could easily be tested upfront.

Open Source and availability (licensing) for commeusal

Availability in different programming languages would be preferred (even though java and C++ will

cover the most partners)

Requirements for Engineering Environment Information Exchange:

Exchange between engineering tools and databases.

Large amount (@0 kb .. x Mb) of information submitted and received.
Frequency: minutes/hours

Response: No rediime requirement, seconds

Event driven flow

Exchange pattern: Request / response
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Requirements for Shopfloor System Controls:

Information exchange to and frommachines. Manufacturing work flow sequencing and
synchronisation.

Small data amounts (< 0,5 Mb)

Frequency: seconds

Response: Redime or close real time, subeconds

Exchange pattern: Publish / subscribe and Request / response

Requirements for Machin€ontrols:

Manufacturing process controls and actuations inside a MO (/machine)
Small/tiny data amounts (bits and bytes)

Frequency: sub seconds

Response: Redime (micro/milliseconds)

Use of Fieldbuses

4.1.2 Proposed Architecture for ReCaM Information Excharagel Integration

A message exchange bus, following Service Oriented Architecture (SOA), will provide the backbone for the
ReCaM information exchange. All services will connect to this bus, and will be able to communicate with
each other through it. Integtéon of applications will be easier as tools and service needs to implement only
one interaction interface with the bus. However, because of two different kind of requirements, two main
bus solutions are needed. The main differentiators are the real tieggirements, size of messages and
frequency of information exchange added with storing/buffering capabilities, authentication and security
services.

Two alternative approaches for message exchange bus are researched and evaluated more in detail:
Message Qented Middleware (MOM) and RESTful solutions. In the end, both or either one of the solutions,
are selected as ReCaM information exchange architecture. However, independent from the selected
solution or supported middleware protocols, the message strieguand payload will remain the same as
defined in this documentFigure 11 shows the conceptual view of the proposed ReCaM information
exchange architecture, and it doesn't intend to include all the ReCaM tools.
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Figurell Concept view 6 ReCaM information exchange architecture.

The tools should also support use of file based exchange as alternative channel, whenever this is possible.
This feature becomes also useful later in cases when the files are emailed or stored in the locsikfie sy

or in project document management system. The file based input and output is used at the first iterations
of the tools development, as it will bypass the implementation of automatic information exchange channels.
This aims to speed up the developmemd facilitate early integration tests (pkigst) at message contents

level. When the proper operation of tools with real inputs gets proven, then the next step can be taken and
proposed interfaig through SOA is implemented.

4.1.2.1 Message Oriented Middlewar@OM) solution

Message Oriented Middleware (MOM) / Enterprise service bus (ESB) is used as central messaging service
bus, which integrates different connected applications together. The applications (client side) development
and integration is simplifiedsathey have to implement only single connection to MOM server, which takes
care of routing the messages to correct receiver(s). Different exchange patterns (e.g. RRespshse and
PublishSubscribe) and even protocols can be followed. The MOM can &akeo€ message buffering, and

can provide security and authentication features. The quality of service features are as well taken into
account and implemented on middleware. Some implementations are supporting multiple message
exchange protocols and everrquide protocol conversion, so that applications supporting different
protocols can still communicate with each other through MOM.
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A few alternative communication protocols will be evaluated at the subsequent Tasks/Work Packages. The
most promising candimtes to be researched further are Advanced Message Queuing Protocol (AMQP)
(http://www.amgp.org/) for Engineering Environment Exchange level, @RC UAMessage Queue
Telemetry Transport (MQTT) ht{p://matt.org/), ROS and Data Distribution Service (DDS)
(http://portals.omg.org/dds)) for Shodloor System Controls levebhop floor control and communication
architecture and selected 2 f dzG A2y 6Af t 0SS &LISOA TD28 Resigricinkeptyfori K S
subsystems and communicatiénd

Specific concepts requiring some special attention and further research for the final ReCaM solution are: 1.)
Automatic service discovery amterlinkage concepts; and 2.) authentication and security concepts.

4.1.2.2 RESTful solution

Every participating application provides either RESTful server (i.e. service provider) or client using these
services. These will communicate over HTTP as RESTfuls@egtienal state transfer) applications.
ReCaM architecture will provide a Brokerage service, which the clients can use for searching and interlinking
to the service providers. The client implementation will utilise the URIs provided by the serviceeprovid
Each URI will provide implementation for a specific functional service interface. See additional information
from http://www.restapitutorial.com/.

Integration of service providers and clients as omperational system will be more difficult in this case
compared to MOM case, because every client needs to be configured to connect with every server and
service they are utilising. Configuration is distributed to every client, and managed locally there.
Futhermore, every client needs to know which URIs it need to use at server side and in which sequence in
order to accomplish a task. Some additional techniquesHiggermedia As The Engine Of Application State
(HATEOAS) can be used to give client a feddivhat it can do next.

| 26 SOSNE GKSNB INB Ffaz2z az2vyS oSySTAdGa Ay wo{ ¢ ¥Fd
servers and their offered services are simple to test and analyse with standard web browsers, without prior
assumption andmplementation of any complicated communication protocol.

4.1.3 Technologies for Message Contents

Even the message exchange architecture is important and enables the integration of applications as one
operational system, there is no doubt that specifying appilicaspecific (ReCaM in this case) message
content and structure is even more important and unavoidable from the application perspective. The core
of this deliverable is to focus on this application level message content and message sequences. Once the
application level content is defined, the underlying message exchange architecture and protocols can be
easily changed or adopted to another one, while the application specific payload will remain the same.

The two main formats for message representationtfoe message exchange are JSON and XML. As third
option, the message payload can be some internal, native or more evolved format (e.g. OWL). The XML will
be preferred in cases when larger, sefintained documents are to be exchanged, which need to be
validated (or validation would provide a benefit). These documents can be also stored and exchanged e.g.
via emails. Example of such are PRD, RD, System Layout and Product Recipe.

JSON will be used in data exchanges defining call arguments for a servicesmadises. These are normally
interfacing between applications, and hidden from the user. JSON is also preferred structure for simpler
information and when the exchanged data is temporary in nature. Some additional flavours can be added
in forms of JSON cBema fittp://json -schema.org) or HAL+JSON
(http://stateless.co/hal_specification.htril
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4.2 Overview ofReCaM IHArchitecture

This section summarizéise ReCaM Farchitecture described in Deliverable 2.1. The representation follows
the Arc42 approach. In this approach the high level architectural building blocks are presented on level 1,
while the later levels decompose these building blocks into mallilding blocks on a finer granularity
level. The detailed description on the level 2 building blocks themselves is given in a sBpddatg Block
Specificatiordocument, which was an attachment of Deliverable 2.1, but will be used as a livingneioicu
throughout the duration of the project.

NB 1:ERP | NB 1: MES |

Li: ReCaM System

1 +L1: Added-value Senices
1 +L1: Capability Management
| +L1: Greenfield Planner NB 2: Cloud Services
I +L1: Product M anagement
1 +L1: Production and Reconfiguration Planner f————— =
+L1: Predudion Execution and Control
i +L1: ReCaM Modules{Hardware)
I +L1: Ressource Management

Figurel2. General view on the ReCaM System and its context.

Figurel2represents a general view of overall ReCaM system and its connectiortetaa systemsThe
architecture shown irFFigure13 shows the Ldbuilding blocks forming the ReCadystem, as specified in
Deliverable 2.1Furthermore, it lists the l-Building blocks belonging to each-hdilding block. The arrows
within Figurel3represents dependencies rather than information flows.
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L1: Capability Management } } | ! |_| +L2: Orchestration and Visualisation Tool
"] + L2: Capability Catalogue } } } } |_| + L2: Production Execution Control Runtime
] + L2: Capability Matching Rule Base e P [_] + L2: Resource Instance Description Editor (RIDE)
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| | -1
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|_] +L2: Abstract Resource Description Editor (ARDE)  f«Z — — — — — — — — — — — — — — — J } |_| +L2: Energy Management
|_| + L2: Resource Description DB e |
__] + L2: Resource Description Editor (RDE)

Figurel3. Architecture of ReCaMystem on Level 1.

4.3 ReCaM Bilding Blocks and provided services

As specified earlier, the ReCalyistem follows Service Oriented Architecture (SOA), where each of the
building blocks provide services for the other blocks to utilize. These services are used to convey information
between differentbuilding blocks. Based on the performed inuitput analysis and the IDEFO graphs, the
services and their information content was specified. In the followingsadbions, the services provided by

the building blocks on level 2 are detailed. Also thesptesponsibilities and users of L2 building blocks are
specified, in addition to the activities in which the blocks will take part in. It has to be noted that the service
RSAONALIIAZ2Y A NBLINBASY(O (KS OdzZNNEB Yy lbe tdplefeaDedetdid U K S
on the implementation status, some of them are more defined than other. It is expected, that many of the
service descriptions will evolve and be further detailed during the course of the prajgmndix Apresents

a matrix of the services provided and their users.

The tables describing the services will coverfthilwwing informationon each service:

Name of the service

Provider ofthe service (name of the Building Block)

User of the service (name of the Building Block(s) currently identified as users)
Description of the service

Input parameters (parameters given when calling the service)

Output parameters (parameters provided by tbervice)

Data model and format to be used

O¢ O« O¢ O¢ O¢ O¢ O«

Syntax for parameters
Parameters are introduced as parameter := <parameter_name> : <parameter_type>
<parameter> can be prefixed with

YbQ YI' Mmooy
WrQ YI nooy
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Two notations for defining the service input and output parameters are followed. The larger and repeating

data models for service input or output parameters amlected into the following chaptes Data models

for R&CaM and only referenced in service descriptions as the data type for a parameter. These are linked to
GKS RIGF Y2RSf &aLISOATAOIGAZ2Y A FT2NJ NBI RSa@&@defing2 y gSy .
right in place of use.

4.3.1 Product Management

Below, the building blocks contained in the L1 Product Management will be explained.

4.3.1.1 Product requirement description modelling tool

Role:This tool is used by an engineer to create and edit the product requirement description (PRD)
that defines the processes that are required by the product in order it to be produced. The
requirements are defined in terms of capabilities and their pagters. In addition to the
parameters relating to products geometrical characteristics, the capability parameters may include
technological requirements relating to the required process, such as desired torque or feed rate.
Furthermore, the sequence and preced® constraints of these processes will be presented. This
tool utilizes the Product Requirement Description Model (PRDM) as a data model. The requirement
descriptions may also define interaction surfaces like: Area for vacuum grip; cylinder (inner/outer)
where grip is allowed; cube or parallel surfaces for finger/compression grip. The difference to the
product interaction constraints is that these interaction surfaces are not defined in connection with
any specific resource interface, but are availablenattion surfaces existing in a product. These
interaction surfaces per product are used later (or referenced) once defining product interaction
constraints in relation to product and resource interfaces.

Involved in activities:A13- Defining and modelligp of required capabilities
Users: Process planner
Provided servicesNone- The output of this tool are product requirement descriptions. The tool is
started by a user and does not provide digitally callable services.
4.3.1.2 Product requirement description DB

Rde: This database is used to store the information modelled by the product requirement
description modelling tool.

Involved in activities:A13- Defining and modelling of required capabilities

Users:Other building blocks utilize the services provided.diletare described in below service
descriptions. The process planner mayuse the existing PRD descriptions.

Provided services:

SetProductRequirementDescription
GetProductRequirementDescriptionsSummary
GetProductRequirementDescription
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Service name SeaProductRequirementDescription

Service provider (BB) Product requirement description DB

Service users (BBs) Product requirement description modelling tool

Description This service stores the handed over PRDs. This allows accessing theg

on by othertools and planning algorithms.

Input parameters ProductRequirementDescriptiorPRD

Output parameters -

Data model and format Product Requirement Description Model (PRDM), which will be devel
in Task 3.5.
Format is XML or JSON Object.

Service name GetProductRequirementDescriptionsSummary
Service provider (BB) Product requirement description DB
Service users (BBs) Product requirement description modelling tool

Capability matching SW

System performancevaluation
Multi-objective System Optimization
Reconfiguration and production planning

Description This service will provide summary of all available product requirer]
descriptions (PRDs) within this database. Each is identified by its |
reports contained product IDs.

Input parameters -

Output parameters productRequirementDescriptionDBSummafRRDDBSummary
0 + (ProductID : ID, name : string, description : string)
3 + (PartID : ID, name : string, description : string)

Data model and format Extract from Product Requirement Description Model (PRDM).
Format is XML/JSON.

Service name GetProductRequirementDescription
Service provider (BB) Product requirement description DB
Service users (BBs) Product requirement description modelling tool

Capability matching SW
System performance evaluation
Multi-objective System Optimization
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Reconfiguration and production planning

Description This service will provide the requirement description for a prod
identified by its product ID. This is required for creating the workplan
planning new production lines as well as the producti@amd
reconfiguration schedule for a shift. Product requirement descrip
(PRD) includes the required capabilities (name and capability parame
their sequence and precedence constraints.

¢ KS LINPRdzOUG NBIljdZANBYSyild RSaOnNk
whole product. E.g. when triggering the capability matching SW, the
can contain smaller set of process steps (capability requirements
which suitable resources should be searched for. This may be the ca
when only one process step needsw resources to be acquired fro
global resource libraries.

Input parameters 0 productlD: ID
3 [+(processStepID : ID) ]

Output parameters productRequirementDescriptionPRD

Data model and format Product RequiremeriDescription Model (PRDM).
Format is XML/JSON

4.3.1.3 Product interaction constraints modelling tool

Role: This tool is used by an engineer to model the constraints and mapping with different
products/parts and MO interfaces, such as gripping positions. Thisriation will be used to check

if the product/part and MO interfaces match. The mapping is done preferably at interface level, so
that when several MOs are providing the same interface, the mapping will apply all of them at once
i.e. the mapping is integice specific, not RD/MO specific. The mapping includes defining the pose
FNRBY AYGSNFIFOS o6Sdad INRLILISNRA ¢22f [/ SyiuNB
ODSOUZ2NBL2NASYGFGA2Yy 0 FNRY AYOGSNFI OS 20pAThiAYy G2
mapping will support and enable (seamtomatic) production execution sequence generation and
adzLJL2 NI LI 6K ONBFiGA2Yy a4 LINROSaaAy3d RS OSQa
mating conditions should also be captured, which will gufde capability matching and resource
selection process.

Involved in activities:A14- Modelling product interaction constraints
Users:Product designer, Process planner
Provided servicesNone - The output of this tool are product interaction constraints. The tool is
started by a user and does not provide digitally callable services.
4.3.1.4 Product Interaction constraints DB

Role:This database is used to store the information modelled by thelyebinteraction constraint
modelling tool.

Involved in activities:
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A22: Comparing requirements with the current resource combinations at parameter level
A23:. Generating new resource combinations matching with capabilities (names and
parameters)

A42: Creting Production Execution Sequence for a process step and setting parameters

Users: Other building blocks utilize the services provided. Details are described in service
descriptions.

Provided services:

SetProductinteractionConstraints
GetProductinteractinConstraints
GetlnterfacelnteractionConstraints

Service name SetProductinteractionConstraints

Service provider (BB) Product interaction constraints DB

Service users (BBs) Product interaction constraints modelling tool

Description This service wilstore a set of interaction constraints modelled for

product identified by its ID. Product can in this context also mean p
material or subassembly. These constraints cover for example diff¢
aspects of gripping and mounting the parts of a product.

Input parameters Interaction constraints Productinteraction@nstraints
Output parameters 0 Returncode : int
Data model and format Product Interaction Constraints Model (PICM)

No model for this exist. It will be developed in T3.6 together with the
capabilitymatchmaking approach.
Format will be XML or JSON.

Service name GetProductinteractionConstraints

Service provider (BB) Product interaction constraints DB

Service user¢BBs) Capability matching SW

Description This service will provide the interaction constraints modelled for

specific product identified by its ID. Product can in this context also 1
parts, material or subassembly.

Input parameters 0 ProductlD : ID
0 [PartiID: ID]
0 [Subassembly ID : ID]
0 [Material ID : ID]
Output parameters Interaction constraints Productnteraction@nstraints
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Data model and format Product Interaction Constraints Model (PICM)
Format XML or JSON

Service name GetlInterfacelnteractionConstraints

Service provider (BB) Product interaction constraints DB

Service users (BBs) Capability matching SW

Description This service will provide the interaction constraints for a speiciferface.

These constraints cover for example different aspects of gripping
mounting the parts of product(s).

Input parameters 0 InterfacelD : ID
0 [ProductlD : ID]

Output parameters Interaction constraints Interfacelnteractioffonstraints

Data model and format Product Interaction Constraints Model (PICM)
Format XML or JSON

4.3.2 Capability Management

Below, the building blocks contained in the L1 Capabilapagement will be explained.

4.3.2.1 Capability Catalogue

Role: This building block provides a description of all the capabilities that can be assigned to the
resources through the resource description. Includes the capabilities, capability parameters and
associtions between simple and combined capabilities. Software application called
CapabilityQueryLibrary provides an API for this catalogue with detailed interfacing.

Involved in activities:A2 - Matching product requirements with resource capabilities

Users: Other building blocks utilize the services provided. Details are described in service
descriptions.

Provided services:

GetCapabilityCatalogue
GetCapabilitySummary
GetCapabilityWithParameters
GetProcessTaxonomy
GetCapabilitiesFulfillingTaxonomyProcess

Servie name GetCapabilityCatalogue

Service provider (BB) Capability catalogue
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Service users (BBs)

Capability Matching SW
Abstract Resource Description Editor
Resource Description Editor

Description

This service will provide the current capability catalogoedel). This
model can be used for defining the descriptions of a MO and selectin
resource capabilities. This service returns the entire Capability Ont
model.

Input parameters

Output parameters

0 Capability Model as OWL/REENtire Capabilitpodel}

Data model and format

Capability Model (CM)
This model is a formal ontology (OWL/RDF) developed in Task 3.1.

Service name

GetCapabilitySummary

Service provider (BB)

Capability catalogue

Service users (BBs)

Abstract Resource Description Editor
Resource Description Editor

Description

This service will provide a summary listing of all capabilities in the cu
capability catalogue.

Input parameters

Output parameters

0 +(capabilitylD:ID, namestring, description: string)

Data model and format

Response is provided as XML or JSON format

Service name

GetCapabilityWithParameters

Service provider (BB)

Capability catalogue

Service users (BBs)

Abstract Resource Description Editor
Resource Description Editor

Description

Thisservice is used for retrieving the details relating to one capability,
parameters, and its input and output associations. This information cg
used for defining the descriptions of a MO, selecting resource capabi
and to fill in the appropete parametric information.

Input parameters

0 capabilityName : string

Output parameters

capabilitylnfo capabilityInfoWithParameters
{List of all generic capabilities that can be assigned to resoyirces
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Data model and format

Response is provided as XML or JSON format.

Service hame

GetProcessTaxonomy

Service provider (BB)

Capability catalogue

Service users (BBs)

Abstract Resource Description Editor
Resource Description Editor

Description

Thisservice will provide the current Process taxonomy (model). This n
can be used for the selection and/or classification of process capab
provided by the mechatronic objects and consequently classification g
descriptions of (A)RD.

Input parameters

O«

Format : OWL | XML | JSON

Output parameters

O«

Hierarchy of the Process Taxonomy

Data model and format

Process Taxonomy, which is developed in Task 3.1.
Response is provided as OWL/RDF, XML or JSON format

Service name

GetCapabilitiesFulfillingTaxonomyProcess

Service provider (BB)

Capability catalogue

Service users (BBs)

Abstract Resource Description Editor
Resource Description Editor
Capability matchmaking SW

Description

This service will provide a listing of all tepabilities (from resources sid
which are categorized under the selected process in the taxonomy.
service can be used to recognize all the capabilities, which provide ¢
function, e.g. material removing.

Input parameters

O Process taxonomy nan string

Output parameters

0 + (taxonomyID:ID, name : string)
{Process(es) in the taxonomy that are requested}
3 * (capabilitylD:ID, name : string)

{Capability information}

Data model and format

Response is provided as XML or JSON format.
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4.3.2.2 CapabilityRule Editor

Role: Editor for writing rules related to combined capabilities and their parameters, product
requirement and resource capability matching, and interface matching. The rules are defined by
process expert. These rules will allow to make automdsicisions based on the information saved

to the product, capability and resource models (ontologies). The rules may relate e.g. to checking if
the desired hole can be drilled with a given drilling machine. This editor should allow easy
implementation ofthe rules, e.g. directly to the ontology file. The created rules are being saved in
the capability matching rule base.

Involved in activities:=-
Users:Process expert

Provided servicedNone- The output of this tool are the capability matching and interface matching
rules. The tool is started by a user and does not provide digitally callable services.

4.3.2.3 Capability Matching Rule Base

Role:Storage place for rules, which are used to makeatich between product requirements and
system capabilities. These are created by the capability rule editor. These rules will take the product
requirement description and compare the resource capability descriptions against them. The rules
will define whch information should be compared and how the match is defined. Also includes rules
for checking the MO interface compatibility.

Involved in activities:

A22: Comparing requirements with the current resource combinations at parameter level
A23:. Generatingnew resource combinations matching with capabilities (names and
parameters)

A24: Checking interface compatibility inside resource combinations

Users: Other building blocks utilize the services provided. Details are described in service
descriptions.

Provided services:

SetCapabilityMatchingRule
GetCapabilityMatchingRulesList
GetCapabilityMatchingRule

Service name SetCapabilityMatchingRule

Service provider (BB) Capability Matching Rule Base

Service users (BBs) Capability Rule Editor

Description This service is used to save the capability matchmaking rules and ints

matching rules to the rule base.

O«

Input parameters rule : CapabilityMatchingRule

returnCode : int

(@]

Output parameters
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Data model and format

SPARQL query language
SWRL rule language
Details will be defined in Task 3.6.

Service hame

GetCapabilityMatchingRulesList

Service provider (BB)

Capability Matching Rule Base

Serviceusers (BBSs)

Capability Matching SW
Capability Rule Editor

Description

This service is used to retrieve the list of all capability matchmaking
and interface matching rules available in the rule base.

Input parameters

Output parameters

0 *(rulelD:ID, name : string, description : string, type : ruleType)

Data model and format

Details will be defined in Task 3.6.

Service name

GetCapabilityMatchingRule

Service provider (BB)

Capability Matching Rule Base

Service users (BBs)

CapabilityMatching SW
Capability Rule Editor

Description

This service is used to retrieve a capability matchmaking rule ar
interface matching rule from the rule base.

Input parameters

rulelD : ID

(@]

Output parameters

O«

rule : CapabilityMatchingRule

Data model and format

SPARQL query language
SWRL rule language
Details will be defined in Task 3.6.
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4.3.2.4 Capability Matching SW

Role:Algorithm and tool that matches the product requirements and system capabilities by using
the rules defined in the capability matching rule base. Checks also that the interfaces of the
resources to be combined are compatible. This system takes a selgoteaf resources and the
product requirements as input and compares the existing capabilities with the product
requirements. The pool may be e.g. the current system layout, the subsethmiuge resource
library, or subset of global resource library ®&gA ¥ (G KS OdzZNNBy (G aeadsSy
required capabilities, the missing ones can be searched from the resource libraries. While creating

new resource combinations for capability matching, their interfaces will be checked also.

Involved in adivities: All subactivities of A2: Matching product requirements with resource

capabilities

Users: Other building blocks utilize the services provided. Details are described in service

descriptions.

Provided services:

GetMatchingMOsForCapabilityRequirement

Service name

GetMatchingMOsForCapabilityRequirement

Service provider (BB)

Capability Matching SW

Service users (BBs)

System Performance Evaluation
Reconfiguration and production planning

Description

This service will deliver the MOs providing the requested capability, i.€
results of the capability matching process. Thus it supports the plann
select a MO from a capabilifpcused point of view.

This service may be used to get the matchingsMidd the whole (or partial
product requirement description. The output then includes list
resources or resource combinations matching to each pro
requirement step. Includes also a list of possible product requiren
steps for which no matches afeund from the current search space.

Input parameters

0 productRequirementsToBeMatched :
ProductRequirementsReferences
{is a collection of PRDs and Process Steps used as inputs fo
matching. These arerpvided by references.}
0 [poolOfAvailableMOResourcePodl
{IDs of available MOs, given as IDs of targeted MO library(s)
individual MOs, i.e. defines the search space}
0 [currentLayout:SystemLayo(t
{MOs provided in layout structure}

Output parameters

MO capability matchesNlatchingResults
0 Capability requirement ID/process step ID
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3 List of MOs (or M@ombinations) satisfying the capability
requirement of a process step, if any. This can be also emj
list.

Data model and format JSON, XML

4.3.2.5 Capability Model Editor

Role: Ontology editor, which is used to build the capability model, i.e. to define tipakifties,
relationships between capabilities, capability parameters, and other information needed for
modelling the resource capabilities. This is not really part of ReCaM system, but is needed to
construct the capability model needed for ReCaM systeherdfore, existing ontology editor
Protégé is utilized.

Involved in activities=-

Users:Capability model harmonization organization, Process engineer for defining company specific
capabilities

Provided servicesNone. The output of this tool is capabilimodel and updated capability
catalogue. This tool is used by human and does not provide digitally callable services.

4.3.3 Resource Management

Below, the building blocks contained in the L1 Resource Management will be explained.

4.3.3.1 Abstract Resourc®escription Editor (ARDE)

Role: This building block is used to define Abstract Resource Descriptions (ARD) and associated
Profiles in a formalised manner. These ARD are generalisations of resources. Examples of ARD can
0SS 3ANMLILISNE = T SsSoklstNgesthelcdpabiity moSelit®abgn ¢ektaln capabilities

to certain Profiles.

Involved in activities:Not relating directly to defined activities. Activity: Creation of ARDs.
Users:Resource description harmonization organization
Provided servies: None- The output of this tool are abstract resource descriptions. The tool is
started by a user and does not provide digitally callable services.

4.3.3.2 Abstract Resource Description DB

Role:This database is used to store and access the ARDs. Formaksétmstandards and Profile
descriptions are also published through this service, which are the construction blocks for ARDs.

Involved in activities=-

Users: Other building blocks utilize the services provided. Details are described in service
descriptons.

Provided services:
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GetSummaryOfARDs

GetARD

GetListOfProfilesInARD
CreateRDTemplate

SetARD

Possible additional services:
GetAvailableCapabilitiesAndInterfaces
{lists all available capabilities and interfaces in all ARDs / Profiles within the sBefiems
capability and interface IDs.}
GetARDsUtilisingCapabilityOrinterface
{Lists all ARDs / Profiles implementing specific capability(s) and interface(s)}

Service name

GetSummaryOfARDs

Service provider (BB)

Abstract Resource Description DB

Serviceusers (BBSs)

Resource Description Editor

Description

This service provides list of all available Abstract resource descrif
(ARD) in this service.

Input parameters

Output parameters

0 +(abstractResourceDescriptionID : ID, hame, description)
3 +(profilelD : ID, name, description)

Data model and format

XML or JSON

Service name

GetARD

Service provider (BB)

Abstract Resource Description DB

Service users (BBs)

Resource Description Editor

Description This service provides the request@istract resource description (ARD
Input parameters 0 abstractResourceDescriptionID : ID
Output parameters 0 abstractResourceDescriptiod®RD

Data model and format

Abstract Resource Description Model (ARD) (XML)
This data model is presented in D3.1.

Service name

GetListOfProfilesInARD

Service provider (BB)

Abstract Resource Description DB
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Service users (BBs)

Resource Description Editor

Description

This service provides list of all available Profiles withsergain Abstract
resource description (ARD).

Input parameters 0 abstractResourceDescriptionID : ID
Output parameters 0 +(profilelD : ID, name, description)
Data model and format JSON or XML

Service name CreateRDTemplate

Service provider (BB)

AbstractResource Description DB

Service users (BBs)

Resource Description Editor

Description

This service provides the customised template for Resource Descr
(RD) in case when new RD is created. It basis from the information ¢
from the selected Abstradkesource Description (ARD) and its Profile.

Input parameters 0 abstractResourceDescriptionID : ID
0 profilelD : ID
Output parameters 0 customisedResourceDescriptionTemplaiD

Data model and format

Resourcdescription Model (RD) (XML)
This data model is presented in D3.1.

Service name

SetARD

Service provider (BB)

Abstract Resource Description DB

Service users (BBs)

Abstract Resource Description Editor

Description

This service will store an abstragtsource description (ARD) to DB, &
make it available for DB users.

Input parameters 0 abstractResourceDescriptioRD
0 authentication : Authinfo
Output parameters 0 result:int

Data model and format

AbstractResource Description Model (ARD) (XML)
This data model is presented in D3.1.
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4.3.3.3 Resource Description Editor (RDE)

Role:The purpose of this building block is to define all characteristics of specific production resource
or MO in a formalised manner. A specific production resource refers here to a specific resource type
and model from a resource provider. It utilizes thep@aility Model and ARDs as templates for
which the parameter values of the specific resource are defined. The templates guide to fill in
harmonised and comparable information. The Resource Description (RD) can be then uploaded to
RD web service and madeadtable for public to form a resource catalogue.

Involved in activities:Not relating directly to defined activities. Activity: Creation of new MO and
defining a RD for it.

Users:MO vendors

Provided servicesNone- The output of this tool are resourceedcriptions. The tool is started by a
user and does not provide digitally callable services.

4.3.3.4 Resource Description DB

Role:Database and web server (and service) for storing and publishing the RDs (, RIDs and ARDS)
for global (or local) usage.

Involved inactivities:

A2- Matching product requirements with resource capabilities
A3- Creating a reconfiguration and production plan for the system
A4- Creating executable capability sequence

A6- Executing & controlling the production system

Users: Other bulding blocks utilize the services provided. Details are described in service
descriptions.

Provided services:

GetResourceCatalogueSummary
GetListOfRDs

GetRD

SetRD

GetCapabilitiesOfRD
GetExecutableCapabilitiesOfRD

Possible additional services:
GetlnterfacesOfRD
{list all available interfaces of a RD}
GetAvailableCapabilities
{lists all available capabilities in all RDs within the service. Returns capability IDs.}
GetAvailablelnterfaces
{lists all available interfaces in all RDs within the isen\Returns interface IDs.}
GetRDsUtilisingCapabilityAndinterface
{Lists all RDs implementing specific capability(s) and interface(s)}
CreateControlinterfaceDescription
9/ NBlFGSa O2yiNRBf | NOKAGSOUGdzZNBE & LIS Oaumtled 02y i
Capabilites. E.g. from RD to Vorto, NXT, or some other format.
Input: RdID, controlimplementationID. Output: Implementation specific file(s)?}
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Service hame

GetResourceCatalogueSummary

Service provider (BB)

Resource Description DB

Service user$BBs)

System performance evaluation

Reconfiguration and production planning

Distributed Automathn Systems Engineering Platform
Orchestration and visualization tool

Description

This service will provide a summary of available resource description:
service can be used to retrieve different type resource descriptions (
RD, RID), depending on the catalogue which is searched.

Input parameters

0 Resource Library/catalogue : ID

Output parameters

summary resourceCatalogueSummary

Data model and format

Summary of Resource Catalogue (XML or JSON)
This data model is presented in D3.1.

Service name

GetListOfRDs

Service provider (BB)

Resource Description DB

Service users (BBs)

System performancevaluation

Reconfiguration and production planning

Distributed Automathn Systems Engineering Platform
Orchestration and visualization tool

Resource Instance Description Editor (RIDE)

Description

This service will providelst of all available Resource descriptions (RLC
this service.

Input parameters

[ filter : RDFikerConditions ]

Output parameters

0 +(ResourceDescriptionID : ID, name: string, description : strin

Data model and format

JSON or XML

Service name

GetRD

Service provider (BB)

Resource Description DB

Service users (BBs)

CapabilityMatchingSW

System performance evaluation

Virtual configuration and visualization tool
Reconfiguration and production planning
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Distributed Automation Systems EngineeriPigtform
Orchestration and visualization tool
Resource Instance Description Editor (RIDE)
Description This service will providihe requested resource description (RD).

Input parameters

0 resourceDescriptionID : ID

Output parameters

0 resourceDescriptionRD

Data model and format

Resource Description Model (RD) (XML)
This data model is described in D3.1.

Service name

SetRD

Service provider (BB)

Resource Description DB

Service users (BBs)

Resource Description Editor

Description This service will store a resource description (RD) to DB.
Input parameters 0 resourceDescriptionRD

0 authentication : Authinfo
Output parameters 0 result:int

Data model and format

Resource Description Model (RD) (XML)
Thisdata model is described in D3.1.

Service name

GetCapabilitiesOfRD

Service provider (BB)

Resource Description DB

Service users (BBs)

System performance evaluation
Reconfiguration angroduction planning
Distributed Automation Systems Engineering Platform

Description

This service will provide information about the capabilities of a cef
Resource (MO) and its parameters with values.

Input parameters

O«

resourceDescriptionID : ID

Output parameters

0 capabilities CapabilityOfResource
{NOTE: Capabilities branch of the RD data model will contain
information}

O resource:ID

3 * Capabilities of the resource

y id:id
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Yy name : string
Yy * parameter values

0 paramid :id
0 value : sting
Data model and format XML or JSON
Service name GetExecutableCapabilitiesOfRD
Service provider (BB) Resource Description DB
Service users (BBs) Distributed Automation Systems Engineering Platform

Orchestration and Visualisation Tool
Production Execution Control Runtime

Description This service will list all Executable Capabilities of a certain Resource
and its parameters.

Input parameters 0 resourceDescriptionID : ID

Output parameters ExecutableCapabilitiesCapabilityOfResource
{NOTE: Executable Capabilities branch of the RD data model
contain this informatior}.
resource : 1D
3 * Executable Capabilities of the resource
y id:id
Yy name :string
Yy * parameter values
paramid : id
value : sting
y + implementations

(@]

0
0

Data model and format XML or JSON

4.3.4 Systems Engineering Platform
Below, the building blocks contained in the L1 Systems Engineering Platform will be explained.
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4.3.4.1 Systems PerformancEvaluation

Role: This tool creates the state model for the entire production system starting from the
reconfigurable mechatronic object state models. It is grounded on the logical structure of the
mechatronic objects and combines the object level state et®ahto proper system level models.
Depending on the scale of the problem, predefined state aggregations and synthesis rules will be
created, to reduce the complexity of state representation while maintaining important system
behaviours. These system lévenodels will be analytically evaluated considering chosen
performance indicators. Detailed analysis provides an easy way to achieve better line utilisation,
efficiency, and throughput. Once validated, these digital tools can be used to evaluate andgenera
alternative system improvement actions and optimiseedesigns of the system, based on scenario
analysis.

Involved in activities:A34G- Evaluating configuration scenarios and selecting the suitable ones

Users: Other building blocks utilize the serviceprovided. Details are described in service
description.

Provided services:

SetSystemStateModel
GetlnputSystemParameters
SetSystemKPIs
SetResourcePerformanceMeasures

Service name SetSystemStateModel
Service provider (BB) System Performance Evaluation
Service users (BBs) Discrete Event Simulation

Multi-objective System Optimization

Description It creates the Mirkovian state model of the current system configurat
starting from the given set of MOs characteristics composing
productionsystem.

Input parameters 0 + (Resource:id, name, description)

0 + (Productid, name, description)
0 + (ProcessStep: id, name, description)
0 + (Parameter: id, name, description)
0 + (ParameterSpecification: value)
Output parameters 0 + (SystemLayout: id, descriptid®l,.R
0 + (SystemStateSpaceModel:id, description, tygeMR

Data model and format XML and JSON

Service name GetlnputSystemParameters
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Service provider (BB)

System Performancgvaluation

Service users (BBs)

Discrete Event Simulation
Multi-objective System Optimization

Description

This service takes in relent data about MO parametersdm theresource
catalogue, list of matchmaking results and strucsitigis information in
order to estimate the state model parameters that are useful
guantitative evaluation of the system model.

Input parameters 0 + (SystemStateSpaceModel:id, description, typeMR
0 + (ResourceProssCycle: id, name, description)
0 + (Parameter: id, name, description, value)
Output parameters 1 + (SystemLayout: id, descriptiddl,.R
1 + SystemStateSpaceModiel, description)
o +(ModelParameter: id, values)
Data model and format XML and JSON

Service name

SetSystemKPIs

Service provider (BB)

System Performance Evaluation

Service users (BBs)

Multi-objective System Optimization

Description

It evaluates the system level modelafiven configuration and stores th
estimated values of output system KPIs.

Input parameters

(@]

+ (SystemLayout: id, description)

Output parameters

O«

+ (SystemLayout: id, descriptiddl,.R
3+ (KPIl:id, value)

Data model and format

XML and JSON

Service name

SetResourcePerformanceMeasures

Service provider (BB)

System Performance Evaluation

Service users (BBs)

Multi-objective System Optimization
Line Balancing

Description Computes the performance measumetated to individual resources in th
system and set their values. These performance measures can ing
single station utilization, starvation, blocking and downtimes etc.
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Input parameters + (SystemLayout: id, description)
"+ (Resource:id, namdgscription)

Output parameters + (Resource:id, description)
+ (ResourcePMeasure: id, name, value)

Data model and format XML and JSON

4.3.4.2 Line Balancing

Role:This tool assigns operations to resources in order to balance the workload and minimize idle
time.

Involved in activities:

A34- Evaluating the configuration scenario and selecting the suitable scenario
Users:Other building blocks utilize the service provided. Details are described in service description.
Provided services:

SetNew askAllocation

Service name SetNewlaskAllocation
Service provider (BB) Line Balancing
Service users (BBs) System Performance Evaluation

Multi-Objective System Optimization

Description Takes thdasks list correspondingssociable resources apérformance,
and identifies an optimakystemconfiguration interms of performance
and resource utilization.

Input parameters 0 + (SystemLayout: id, description)
3+ (SystemKPI: id, description, value)
0 + (Resource: id, description)
3  + (ResourcePMeasure: id, description, value
Output parameters 0 + (SystemLayout: id, descriptid®l,.R

Data model and format XML and JSON
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4.3.4.3 Multi-objective System Optimization

Role: This is a systedevel configuration optimiser which integrates the system performance
evaluation tool and optimisation software tools such as modeFRONTIER 4.5 which suppert multi
objective optimisation of key performance indicators. Some of the maintK&Iwill be considered

are production and inventory costs, line productivity (i.e. OEE and JPH), energy consumption, cycle
times, and service level. The output of the tool is the generation of a set of alptiamdidate
solutions (Pareto frontier). Howey, the choice of the KPIs to be optimised and the nature of the
output are subjected to the specific optimisation objectives or the scope of the tool; i.e. for example
when used during the green field design phase or reconfiguration phase.

Involved in acivities:

A34- Evaluating configuration scenarios and selecting the suitable ones,
A5- Reconfiguring, integrating and deploying the system

Users: Other building blocks utilize the services provided. Details are described in service

description.

Provided services:

SetParetoFrontier
GetOptimallnputParameters

Service name

SetParetoFrontier

Service provider (BB)

Multi-objective System Optimization

Service users (BBs)

System Performance Evaluation

Discrete Event Simulation

Robustness an8ensitivity Analysis

Virtual Configuration Visualization

Distributed Automation System Engineering Platform

Description

This service provides sets of optimized configurations based on mu
criteria. These criteria can be various and adaptable as redjly the
designer such as: Jobs per hour, WIP, OEE, Energy usage overall co
system etc...

Input parameters 0 + (Scenario: id, descriptioRDF¥

0 + (SystemLayout: id, descriptiddl,.R

0 + (SystemKPI: id, description, value)
Output parameters 0 + (SystemLayout: id, descriptid®l,.R

0 + (systemKPI: id, description, value)

0 + (Parameter: id, name, description, value)

Data model and format

XML and JSON

Service name

GetOptimallnputParameters
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