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Dynamics and Uncertainty in Open Contexts

Dynamics: Uncertainty: Open Context:

o Collaborative Embedded o Reliability of sensors, o No control over the
Systems (CES) form communications, and operational context, i.e.
Collaborative System other systems the operational context

Groups (CSG) Conflicting information can constantly change
CSGs can take multiple among various sources CES/CSG must properly
forms involving different providing aspects of the operate in multiple
CES information context situations
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Collaborative Embedded Systems

Problem 1: It Depends on the Context *,:EI"ESt 2
v

Collaborative CPS form groups to Behavior emerges from the Collaborative group operates in
achieve goals that individual interplay of the connected multiple contexts with
systems cannot achieve by systems that cannot be continuous changes in-between
themselves attributed to a single system

How can we ensure that the system group is valid depending on its current context?

16.10.2020 CrESt Projektabschluss, Marian Daun, Universitat Duisburg-Essen 4
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Capability Modeling & Matching EPESt
~

Capability modeling approach

* Using capabilities to describe whether CESs are able -Mﬂm' 7/w 74 m; Capability meta model
to perform a specific task or achieve a certain goal
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capabilities rrodeﬁ crearrlon maodel with Capability
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Meta data ‘
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Collaborative Embedded Systems

Problem 2: How Certain is the Context ;EI"ESt
J

Collaborative embedded systems Systems need to be able to cope Especially in early phases,
operate in highly dynamic with such uncertainty engineers and stakeholders need
environments and face various autonomously during operation support in analyzing potential
uncertainties during operation runtime uncertainty

How can we systematically consider uncertainties?
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[soc] <<SysML Structural Operational Context Modeling>> Structural Operational Context /

Key for base
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Application Example: Smart Factory
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Collaborative Embedded Systems

Use Case ;E [’ E St @
“_V

GGAL

9™

‘D—u’))

= A
Smart factories consist of mostly Reconfiguration: General goal:
independent production systems Groups of production systems are Coordination of resources so that

that can be configured and fairly stable but modifiable desired products can be produced
combined individually based on (structural, temporal, functional) as efficiently as possible under

the desired product changing constraints (e.g.,

availability of resources)
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Collaborative Embedded Systems

CrESt

Production request for an individualized product

=~/
How can we examine whether the factory’s collaborative production systems can
form a suitable CSG for the fulfillment of this production request?
Suitable machines providing the required EXAMPLE sz of re cut et
capabilities need to be identified for each
production step. T ?? 1
Difficulties:
* Often, there is more than one possible wwwa —— —— —— . — _
sequence of production steps. N SR G J:"Z{ e
* Some process steps may be allocated to — T S
different machines. I — P }%[ = 5[,.}6{ e

intermediate product A*  intermediate product B®

* The optimal sequence of production steps
depends on the capabilities of the
available machines and the quality ,
requirements of the product. it 04t o e s st R
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Solution approach

Re-Use of

Factor
Y specification artifacts

Possible Bill of
Process variants

knowledge base

v

/ production request

generic set of technically feasible

production sequences
/ quality aspects

possible system groups incl. recon- optimization criteria;
functional + logical figuration / re-parameterization schedulingand

: 0 ... n production process
functional system sequences

model

achines and Capabilitie

'

specific production process
sequence alternatives

Production

evaluated

system (group) model \ negotiation / strategic aspects \ Process | n Facto ry
\
preferred production sequence with | N - <t N v [ Ew—
allocated resources \ ;
\

selection of a certain

procurement e !
system group / — o/
Tl

analysis of results; order details like
delivery time, price etc.

Production
Order

technical system
(group) model

'

confirmation / denial of request

Derivation of possible factory configurations
and production sequences

,Requirements”
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Using different views

N
éu nction view —— e
- Factory-specific
function view with
production functions, =
calculatory functions o o e oin
and management e g
functions as well as G T

a knowledge base

Plishing Machine

Cylindrical
Turning

Face tuming ]—)[ Pre-drilling H T;:-Trz

\_

- Showing machines - —
and their functions eI~ Voragener KT
(i.e. provided capa- e
bilities) e sie=t= | =
Production view
Showing the capabilities required for the fabrication of a

certain product (generic, factory-independent Bill of Process)

Drifing | 5°jon Theead |—:-
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G’ntegrated View

Evaluation of different Bill of Process variants after

matching the required capabilities to the provided
capabilities of the factory

e E = =, e =

e EEE
e = %f:'?'
" e e w"'"ﬁ”?"meﬂz'~~-];fe o

~

Modelling the production process including intermediate

products for different Bill of Process variants

zl

- min D e ey
= max Diama bar

\ Hrowlacge
Managemant
Basa

Y -min Bepn F o Sorew troad tapping l
~max Degth
_F [
*’!I D\.fﬂﬂf = " -1 Eiral Br
e _ Costs P H'I;n:ccoc B ik B Firal Frodud &
P
[
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Collaborative Embedded Systems

Using capabilities for the producibility EI..ESt
check of an individualized product Y

* Generic capabilities can be taken from domain Required and provided capabilities
capability models

Production View

* Instantiated capabilities in the production view o = e
are considered “required capabilities” for the (et oot | i | B Generic Capabilties
production of a product = e
:I:I:I:Il—_—]:

Feature 1 Featura 2

ractaristic |.1| |Lh.1r.1ckcr| <

i 8

Instantiation
for Production

* The production view acts as a generic Bill of = = Systems

Process (i.e. the identified required capabilities el Br—
are product-specific, but not resource-specific)

* |Instantiated capabilities in the function view are
considered “provided capabilities (skills)” (with
system-specific constraints)

Function View

( Wanagoment ™
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Considering Uncertainty

Collaborative Embedded Systems
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Smart factory production view/

machiﬁ'é'-l.gtuming machine)

. . Internal Cylindrical . - Screw thread . Surface
O—{Rf.aceturnlng H Pre-drilling H i ]—[ i ]—[ Parting-off ]—[ Drilling H —— ]»{ Milling p]——[ G }—,
— -'

achine 2 (milling mémachine 3(polish. my)

% | [oum] Production-level unc‘e(!ainty/
‘ e <<Observation Point>>
Machine

idle

<<QObservation Point>> <<Uncertainty>>

No transport Unclear
robot production
available process status

<<causes>> <<Observation Point>>

Reconfi-
guration delay

Delayed
finishing of
work products
£ <<causes>>

<<Uncertainty>>

<<causes>>_

Inconsistent
robot maps

24 Z

<<Activation Condition>>

Tool change

necessary

Insufficient
reconfiguration

<<amplifies>>

<<Rationale>>

&Y

<<Rationale>>

Insufficient
training

Ambiguous
information
about object

Mechanical
tool change
failure

... (see Fig. 1)

o @

R

intermediate product A’  intermediate product B’ K

<<Effect>>
Production process disruption

T
Lathe / turning machine functional view /

Example of an

- Orthogonal
Uncertainty Model
- for the Production

- min Diameter
- max Diameter

and Function View

- min Depth of the Smart Factory
...... - max Depth
.;7 = y .
3 f(x) .... Duration
f(x) .... Costs
Screw thread tapping
Legend :] Production step :V:::apr;;ii:gof
Raw material Machine Tool change in
(starting point) A machine
Machine mode @ Handoverbetween
Finished product machines
(end) % Mode transition
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