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/]I Introduction of Technische Universitat Minchen

Technische Universitat Munchen

37,343 students .
13 faculties .
3 Integrative Research Centers -
6 Corporate Research Centers -

Students by department

Students by Department Total No. of female
students
Mechanical Engineering 5,313 760

12,490 female students

9,876 staff members

411 buildings

~€1.1 billion invested in construction
since 2001

No. of international
students

1,175
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Memberships

Chair of VDI/VDE (Association of German Engineers)
TC 5.15 “Multi-Agent Systems in Automation”

Coordinator of CRC (Collaborative Research Center)
768 “Managing cycles in innovation processes”

Co-Initiator of PP (Priority Programme) 1593 “Design for
Future — Managed Software Evolution”

Scientific staff

ca. 20 PhD students
9 technicians, trainees (software engineering)

Teaching

21.08.2015

Basics of Information Technology
(st and 2nd Sem., 8 ECTS)

Modeling and Simulation (5th Sem., 5 ECTS) plus
Practical Training (4 ECTS)

Automation | and Il (from 5th Sem., 5 ECTS) plus
Practical Training (4 ECTS)

Industrial Software-Development for Engineers | and Il
(from 5th Sem., 5 ECTS) plus Practical Training (4
ECTS)

Development of Intelligent Distributed Embedded
Systems in Mechatronics
(from 5th Sem., 5 ECTS)
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12 if(fLaenge>S ||
L fPreig¥=1.2;
_= else j.f(fl.@enge(

fPreig*=0.8

else
: fPreis*=0.3;
20 printf("Preis: %
21 return 0;
2201
GESPEICHERT

Speichern Ausfiihren
Continue Stop Step in
Variable
fPreis
flaenge
isitze

iTest

Parameter
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Ausgabe @ Debugging-Befehl ausgefahrt!

Overview of the functionality of our e-learning tool PIT

iSitze>7)

Automated generation of statistics

4.5 || iSitze<=4)

) Live evaluation
«2f €\n", fPreis);

Priifen

Step over Step Return

Wert
15 .

Direct feedback
2.29999995 during lecture
8 i)
\ =

[ L
Alteration of the next lecture -

ccording to the students demands
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Student’s desktop view

/' http://pit-testing.sis.mw.tum.de/aufgaber O ~ & | A AlspT P IT Server
Aufgabenstellung anzeigen Curre nt I/O VallJeS"“Od“S beenden {

unmgnedm;r-mz J;l—E‘:‘..t = _:....-_;;;::_;:;]”; t [ms] LA Ffiabh wert
int schritt = 0; sensoren.zylinder_eingezogen 1
int main () sensoren.zylinder_ausgeschoben 0
y Programmcode sensoren.umsetzer_vakuum 1

sthch schritt) i
sensoren.umsetzer_magazin ]
default.

case sensoren.umsetzer_folgestation 0

mMNgsetzer abstossen = 1;
aktoren.ums er vakuum = 0; sensoren.magazin_leer 1
aktoren.zylindeP~ausschieben = 0;

sensoren.folgestation_belegt 0
if (!sensoren.folgestatio! sensoren.magazin leer )
{ - aktoren.zylinder_ausschieben 0
aktoren.umsetzer_ folgestation

aktoren.umsetzer magazin = aktoren.umsetzer_vakuum 1
else aktoren.umsetzer_abstossen 1
aktoren.umsetzer folgestation aktoren.umsetzer_magazin 0

aktoren.umsetzer magazin =

if (senscren.umsetzer folgestation &: !sensoren.magazin leer )

|

toren.umsetzer_folgestation 1 | I nte rLrace tO
Laufzeit 15972

aktoren.umsetzer folgestation = 0; SSchri[t FESTO

ak:cren.uue:zez:magazln = ¥ . ! .

chri =

—— . | industrial

i;reax; q
< . Current state of the plant

Speicheln[ Start Stop ] State maChine

Keine Ausgabe (Prufen)

Start/Stop functionality to Results of the C compller
upload the C code in the PIT if compilation fails
PLC

gg
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PIT-based automation lab for ~1000 B.Sc. students:

programming of production plants — software engineering on a real
mechatronic system with actuators and sensors

Univ.-Prof. Dr.-Ing. Birgit Vogel-Heuser
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A Operation results of PIT Tlm
/ | P

Since introduction in 2010: >5200 attendees at PIT

30000 presence attestations in PIT with fully automated evaluation
In every summer term:
2970 plant operation hours with PIT control

29 . OOO successful plant launches

235000 C programs compiled successfully (about 250 per student)

Zoomn | 3t [Iw] 1m|3m] Al | von  Apr 15,2013 bis Jun 26,2013

up to 25000 clicks

in a 6 hour time frame

20k

i

We would be happy to share our experien'c'e'!
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WA Research Topics
/. P

Model-Driven Development Intelligent Distributed Systems

— Agent
UML-Editor (CoDeSys 3.4) CoDeSys 3.4 B 2
A TS IEC 611313 Editor s
st Diagnose- Steuerungs- Qperationsbe,
= . modul reitstellung
) | codegenerierung Redundanz
.6.
Verfeinerung
Umwelt- i Rekonfigura- Interaktion
< —
modul tionsmodul

Mapping S
N 2 ’ 1 1 ] 1
~ aw, A
: . = S v Aktoren \
[ } /R
'

Kontinuierliche thermo-hydraulische
Presse in der Holzindustrie

3D surface-Plot distance

R&I-Fliefbild

Smart Information Big Data in aPS
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Data processing for humans

Assistance systems for
Engineering

Data processing and i

integration for humans

Communication and
data consistency

Appropriation of necessary data
for configuration, production,
negotiation

World wide distribution of data, high
availability, access protection

Data consistency about different
,Stakeholders® in different engineering

phases and crafts

Outline Tlm

Architecture models (reference

architecture) for a category of
aggregation/modules related to properties,

capabilities, interfaces...

/

Intelligent products and
production units

Production units with inherent
capabilities

Data analysis of process and alarm
\ data and connection with

engineering data

Flexible production units, adaptable to
modified product requirements, allow also
structural changes

Digital networks and interfaces for
communication (between machine, human and
plant, plant and plant)

Description of product and operating
resources, e.g. ontology, for independent
analysis, presentation, organisation and execution

of a production process

Source: B. Vogel-Heuser, G. Bayrak, U. Frank: Forschungsfragen in "Produktautomatisierung der Zukunft". acatech Materialien. 2012.
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Description of the machine
and its configuration:
- abilities (operations)

7] Industrie 4.0 Interface for Machines and Plants TI.ITI

\ @

* Process steps
— (recipe)

- units’ status (e.g. \ _ ™~ / * parameters
OMAC/PackML) \F——; rm——
- relevant data points e.qg. for _ goamation Mo

tracking/tracing

14.0 Interface (TCP/IP)

CPPS Module
Plant’s representation within the <<BaseComponent>>
CPPS network _ Whiteboard

] " .‘f‘: .
eyl Vi
LR A oo e i T

B g

<<BaseComponent>>

System management
Conditions of neighborhood,
Plant’s structure

BTE

21.08.2015

Job offers, Job states

S
>

Communication O
Distrimz:dn:]elsesa es <<BaseComponent>>
g Process management
Information on the process or
' manufacturing (stages of
<<BaseComponent>> production) |
Control unit
Represents plant module, IEC 61131-3

Scheduling for jobs
control program

Univ.-Prof. Dr.-Ing. Birgit Vogel-Heuser
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Motivation for agents on field level
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/1 KREAagentuse:
SysML-based automation software development
» : KRE
cC AD: Technical Process BDD: Software Structure Rgentuse
L 0 B ==
= & ’ - : :
o < - =T s
2 % Fezpt ;: han
q>) 5 /é _L’I"? e
o9 ‘“
o =
8 g PD: Redundancy PD: Tolerance Agent Models Model Transfor-
T X del Model Redundancy Model mation/ Code
O - ySorterband  Sorerband st Generation
Q_ fL) 'SensV : Geschwindigkeitssensor, T T mySortierband : Sortierband ._> J‘ »O
N = | = it
[value mySortQ : SortQ Sty 0 erance 0 e

(,I) c) Eﬁ“sz”"m"’"“s'“w fsmv 1 (qson:qwqm? LSZ:Li;hischranke []
o < i L —
IE qa L;ZjLicl; ’’’’’’’’’ ‘ qualty ﬁejsv:(i!schivmdlgkenssensor ‘

Analytical 1 EEEEyuEE

Dependency Self-Aware él A

Jg’ Sensor Agent
s . .
e Main Routine
Production Plant Real-Time Capable Fault Tolerant Software | £

Source: Frank et al. 2011, Schiitz et al. 2012, DFG funded project KREAagentuse
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Evaluation: Sensor failure

Demonstrators

-i =B - -A- p
Hybrid Process
Laboratory Plant

. P
G

Heating press

A

a0.0—

g — — |1 t————-
20.0— !'. |
05 \ Real sensor
10.0— I I
1117 J
0.0—
ﬂ | | II | | | | | | | | | | I | |
162.0 163.0 164I] 165.0 1660 1670 1680 1690 1700 171.0 1720 1730 1740 1?‘.0 176.0 1770
30.0— 10 I !
20.0— I r
0.5—
10.0— I I
- ", | | Soft-sensor (virtual sensor) |
: 4
166.0 1E1I.D 16£.l 16%.0 15-'-|1.D 16%.0 16&13.0 15}.0 1Eé.D 165.0 1?6.0 1?1|.D 1?5.0 1?I§.D 1?e|1.D 1?:I5.D
| |
| |
0= igd I_\_ _____________________ _I, _____
20.0— 1 1
0.5— I I
e - | Used value |
NI
Kl
165.0 1Eé.D 15=|1. tl 1 16f|3.EI 15?1'.0 15:|3.D 16§|1.EI 1TEII.EI 1T1I.IJ 1?5.0 1?5.0 1?'4'1.0 17 t2 EIB.D 1?':'.0
Sensor value —> Quality ----= > [Wannagat 2010]

— Sensor failure does not disrupt production process

21.08.2015
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Data processing for humans

Assistance systems for
Engineering

Data processing and i

integration for humans

Communication and
data consistency

Appropriation of necessary data
for configuration, production,
negotiation

World wide distribution of data, high
availability, access protection

Data consistency about different
,Stakeholders® in different engineering

phases and crafts

4 Characteristics of Cyber-Physical Production Systems (CPPS)
/I Industrie 4.0

Architecture models (reference

architecture) for a category of
aggregation/modules related to properties,
capabilities, interfaces...

/

Intelligent products and
production units

Production units with inherent
capabilities

Data analysis of process and alarm
data and connection with
\ engineering data

Flexible production units, adaptable to
modified product requirements, allow also
structural changes

Digital networks and interfaces for
communication (between machine, human and
plant, plant and plant)

Description of product and operating
resources, e.g. ontology, for independent
analysis, presentation, organisation and execution
of a production process

Source: B. Vogel-Heuser, G. Bayrak, U. Frank: Forschungsfragen in "Produktautomatisierung der Zukunft". acatech Materialien. 2012.
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Intelligent networked production systems —
myJogurt how it all began

N

{}Plant Production ’, Simulated production

Yogurt production <k Yogurt refinement

© AIS, IFAK, IFAT, IAS

T Cap engraving ¥ Filling

Website: http://www.ais.mw.tum.de/myjoghurt/
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Procedure of production control
/| P

Customer places order

I\ Splitting orders into sub-orders

>l Determine (new) schedule =

\ A

T \
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Production monitoring (operator and customer)

\ A

e.g.

Automatic troubleshooting

\ 4
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Send status report
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/]I Self-adapatation of an automated production system .I.I.r"

Agent Management System (AMS) Directory Facilitator (DF)

|agent directory | |service directory |
Agent A: Adress A Agent A: ability 1, ability 2

Message Transport System (MTS)
message directo

Ability 1: message A, B, C, D, E

ay. «©
N~ N2 —— e——
NA S
Agent A k; — Agent B Gl
= N
@ S Plant—agent

l% // L;‘:;‘" - E t. t
- xecution agen
Exesution’agent ‘r"!ﬁ 5 Filling2

\ 1

r Y ( \ Filling1 / \M
Separate Store = ‘,' 4/
\ J . /\ J r

Execution agent

Transport Transport Conv%or Agent Execution agent

3

Execution agent

- N \ — - 4 Logistics @4/
Filling1 Filling2 ~——) ‘ - Y E)—\\
Pa— gen

‘ A 5 ,*‘jl [{ @
) 7 Execution ai ) @L—————‘i}_
B 1 Switch Agent L= Executionagent

< Switch Agent

. S | \ 7 - N
Execut_lgn — el Execution agent Conveyoragent
' ) Robot o Conveyor Agent )
Transport e : ' IR i
\ ) ,. Th A

Source: B. Vogel-Heuser: Herausforderungen und Anforderungen aus Sicht der IT und der Automatisierungstechnik. In: Industrie 4.0 in Produktion, Automatisierung und Logistik, Springer, 2014.
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Communication within CPPS
/I unication withi

'14.0 Agent system >

Agent Management System (AMS) Directory Facilitator (DF) Custome\r
| Agent register | | Service register | _Agent
Agent A: Adress A Agent A: Ability 1, Ability 2
14.0 Cloud Agent B: Adress B Agent B: Ability 2, Ability 3

Message Transport System (MTS)
|Message register (ACL)

Ability 1: Message A, B, C, D, E
Ability 2: Message X, Y, Z

Coordination-

Local area network
or internet

O: Plant Agent
.

Demonstrator B

Demonstrator A

28]
n
Q
(ol
@)

CPPS C

- /

Source: D. Pantforder, F. Mayer, C. Diedrich, P. Gohner, M. Weyrich, B. Vogel-Heuser: Agentenbasierte dynamische Rekonfiguration von vernetzten intelligenten
Produktionsanlagen — Evolution statt Revolution. In: Industrie 4.0 in Produktion, Automatisierung und Logistik, Springer, 2014.
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Data processing for humans

Assistance systems for
Engineering

Data processing and i

integration for humans

Communication and
data consistency

Appropriation of necessary data
for configuration, production,
negotiation

World wide distribution of data, high
availability, access protection

Data consistency about different
,Stakeholders® in different engineering

phases and crafts

4 Characteristics of Cyber-Physical Production Systems (CPPS)
/I Industrie 4.0

Architecture models (reference

architecture) for a category of
aggregation/modules related to properties,
capabilities, interfaces...

/

Intelligent products and
production units

Production units with inherent
capabilities

Data analysis of process and alarm

data and connection with
\ engineering data

Flexible production units, adaptable to
modified product requirements, allow also
structural changes

Digital networks and interfaces for
communication (between machine, human and
plant, plant and plant)

Description of product and operating
resources, e.g. ontology, for independent
analysis, presentation, organisation and execution
of a production process

Source: B. Vogel-Heuser, G. Bayrak, U. Frank: Forschungsfragen in "Produktautomatisierung der Zukunft". acatech Materialien. 2012.
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| O Il E t Effect OEE
/ verall EqQuipmen ectiveness ( )

N

Possible production time
Availability
Losses due to losses
Real production time unplanned
shutdowns \_
V4
Theoretical output / performance
Power losses
Losses due to
Real output / performance changing tools,
batches...
/7
Possible production / quality
Quiality losses
Losses due to
Real production / quality rework, _
defective goods... effectiveness loss
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Scenario: Information aggregation for maintenance 'I'Im

HMI with AR and touchscreen

« Mobile devices with
touchscreen

« Augmented Reality supports
optimization and maintenance
of industrial plants

.

J

~~~~~~ \ll\ ﬁ Illll |m| ﬁ

’!@I‘i

o 000
DOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

000000000000000000000000000000000000000000
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role shift supervisor undertakes
shift supervisor role of mechanic

shift supervisor role

= Red-green color = shift supervisor

blindness | = mechanic
= Preferred voice
control = operator

z 7/, ///Z‘ \9," 7
277/ 'V///ﬂ’é‘ 7 i

21.08.2015

Information aggregation for maintenance (1)

shift supervisor undertakes
role of operator

visualization

Univ.-Prof. Dr.-Ing. Birgit Vogel-Heuser
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| Inf t tion f t 2
/ nformation aggregation for maintenance (2)

CPS
role shift supervisor undertakes shift supervisor undertakes ~—
shift supervisor role of mechanic role of operator

shift supervisor role
= Red-green color " shift supervisor challenge
blindness = mechanic - Prediction of critical
= Preferred voice\ situations based on
control "= operator analysis of process data
and alarm sequences
\‘, - recommendations for
E—— operator
Context ‘
9’ ‘ You ‘ approach
. - —— | R - Pattern analysis
Yasoo! | -aD O @ - i L ’
" (oo S § Tube statistical approaches
4 JL ” - and Cl

8 X
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| Robot Integrated Agent Network (RIAN) .I.I.r"
@ Storage @ Injection molding @ Packaging™5

@ Laser simulation @ Engraving-laser

pl—

AN »

=1 11 BECnNal
TECHNOLOGIESAUTONATION

Halle B4

SCHUNK ‘e

ORTNER

Metralahs
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CPPS architecture based on multi agent system

CPPS Compound (Multi-Agent System) <
ustomer
Agent

N
ﬁ
O
U
U
0]
Q
o
=
o
=
=)
=
jab}
n
—
=
(=
O
—
=
=
@D
X

(] o /
\ Q - CPPS Agent CPPS Message CPPS =
R Management System Transport System Directory Facilitator !
o | AgentA: Adresse A Agent A, Message A Agent A: Cap1, Cap2
| Agent B: Adresse B Agent 3, Message D Agent B: Cap2, Cap3

_____________________

Plant Agent Plant Agent Plant Agent
MAS ITF MAS ITF
CommAgent CommAgent

Module Module Module f
Agent 1 Agent 1 Agent 1 SysAgent SysAgent

Module Module ProcAgent ProcAgent

Agent n Agent n Agent n

- /

II PPS A (Linux)

Prod. System
Reis

II CPPS E (Linux)
Robot System
S

!E PS B (Fanuc-OS) I CP
Prod. System Prod. System

PS C (Fanuc-0S) CPPS D (PLC)

Prod. System
Fanuc-SGM

5% FANUC FANUC BECKHOFF

Fanuc Laser

Beckhoff/ AIS

21.08.2015 Univ.-Prof. Dr.-Ing. Birgit Vogel-Heuser

\_JI

,Smart Device*

© AIS, 2015



N

Lessons Learned — Industry 4.0- agent-based migration 1""
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Open demonstrator for evolution Pick &Place Unit (PPU)Tu'rI
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| Deliverables from PPU - for each evolution step

Technical Documentations

16 SysML models with evolutionary changes

Crane: Crane
<<ValueType>> -
PosStack: Real
Connected to PLC
source Fieldbus + HW-Adresses
<\ T('gv':‘i;";‘ . <<requirement>> -
Forward <refine>> F - .
| Testnation] ry oruard Doppeltwirkender
3 =3 Hubzylinder mit .
| source F<<satisfy>> h Schwenkarm, Vakuum-
L Transport <<blockos <<satisfy>> / sauggreifer und Reed- > i
(Crane:) Stack Crane schaltern
—t- destination |_J~—{ parts constraints SpeedCrane
R Seperator : 1xCylinder MaxTransDuration SpeedCrane 5 .
I D : D J e
stamp || |1 Separate e £ 1 S
(Stamp::) (Stack::) Seperate()  :Boolean Lifter IxCyiinder <<requirement>> DC-Servo- 2 5
return] TumTable Tumntable WP_Detection motor mit [ .
<<requirement>> D=5 inkrementalem
- source [ Compute Due to pollution the WegmeR- 5 < a8 2
5 a 2
| T(EZS,,ZD;‘ ‘A[i;‘"““"d . Transport(source: Real, Destination, Real: Boolean ) mif’m Smgmh es Ef system qt_g g g 2 % § :: § § E
3 e slide, the —~— to be substituted by . | 21 3 s 8 e 3 3}
Tesination | | as to Y>> <<block>> | <<block>> <<salisfy>>"  <<requirement>> || a more robust 'a-'n"_'lt:k' ¥ 5| 8 [ S 85 £as| &
be divided into two Y-Slide Stamp WP_Detection | sensor - A e — 10| ML h WP in slide 1 | pusher | PMeUM. valve [ o,
| be dhided nto tw 5 schalter . o 30 sortipush WP in slide 1 | pusher o mand.
= o of 310| B11 | pusheris extended | pusher |reed switchDI| 24V |mand.
—<requirement> i Crane Behavior __|<safisfy>> B
q - 310| B12 | pusherisretracted | pusher |reed swichDI| 24V |mand.
WP_Types _ WP_Detection . 5
listance
P WP Stamping D=6 o Posilicnierung gl 310| B14 | positonofpusher | pusher | (FTY | 24v | SHm
0 <<block>> ¢
Plant has to handle | [ID = 6 Plant has to detect Mikroschalter, Drf 550 | w1 | sortpush WP in siide 2 | pusher | PMeUM: valve |54, | mand.
different Metal WP has to be different kinds of p Do
Workpieces (WP) | | stamped <<satisfy>> | Workpieces (WP) (Analogeingang) :
inkrementalem W] 300 | B1 pressure sensor | VAVE |PNEUM. Meas.| o o4y | s
I Bsystem node Al
T ¥ T
I ]

PLC implementations

Especially for project Pythia:

» 45 different IEC 61131-3
Projects

» graphical and textual _
programming languages — g

https://mediatum.ub.tum.de/node?id=1208973
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Self healing PPU - fault handling @ belt pushers Tlm

Scl2f

Additional functionality self-

healing machine and diagnosis

X 0 X

Additional sensors and software required,
automatic mode enlarged

Binary Sensors for discrete front and back

position detection

Sc12f: Additional Sensor for Fault Detectioﬁ, Isolation and Handling

3 “‘.m

y T AN AT IR

Additional analogue sensor to detect exact
position of pusher and redundancy for binary
sensors

Result: work piece jam - self healing mode

© AIS, 2015
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fault handling @ belt pushers

Changes on component list/
sensor level (context)

Changes on model level (software)

_(/ Waitingfor |
\_AutomaticMode

I'/ Automatic Mode mode = automatic]
.

vy

Error [NOT Sens_Shde AND

o n O Z’ 2] TimerPusher ET > T#3s]
=} g @ = o < e ' Faut handling N
| 8 : 2| 82 |8 | % - |
> = O ®© = — =),
o S c o ST ® £ , §
51 A > o v c Sl N e
(D D LL — D (@) D. —_ Of \_Entry/ Alam104 := TRUE /
[(Sens_Transducer <> 3.0 com) AND
[/ e Mo d!"\ [mode = automatic] (" waitingfor ‘s""&’g%eéi'?.ﬁ'éﬁﬁ ?%ﬁhé%
310 B1.1 | pusheris extended |pusher|reed switch DIl 24V |mand. [~ / W Atomateblode WP iam_setecied

| Error [NOT Sens_Side AND

\_ Entry/Alam201 = TRUE /
4 TmesPusher ET > T43s] -

T

. distance Fault handling “cimonledge seior [ e IfHealinghlode
310 B1.4 | position of pusher |[pusher 24V | SHM sy (-
sensor Al ? imode = manua J‘,
.......... booo ooaco e Sorting_not_completed ™ . .
Ive neum. meas '\\ Entry/ Alam104 = TRUE ‘/ Manual Mode /: [’ SelfHealingMode A
Va . ] N AN S
300( B1 pressure sensor P 0-24V| SHM "
node Al ( Manual Mode ) Retract_Pusher
\,_Entry/ TransBeit Mode = Manual _/ =
- BL\ - Start_Drive_Backwards. D)
- ] en WP o i ens_optical =
_ I\.j P § ( Smp_Dr[iE»sle D Tjua
h d I I f ~ - —» Emor Transtion (D sr,f:?,ﬁ:g;,:?,ﬂ;“ é - BL‘ Start_Drive_Forvards. )
B E:;{:qh P {“—-A—“'ﬁ
Changes on code level (software) T
TimerPusher ET > T#ds] ] - ?
. i \/Emn_u .n.osﬁma'f.fgéi.‘..me = TRUE) or
FB_Monitoring_Sc12 — |33
@ i
. . '\\ 2F
—MaximumTime-— I : p— O
TimeFault FB_Fault_Handling '

g(In)

e

fa(l
HORLL Alarmioa—-
.

= 1600}l — Alarm201-9

——Sens_Slide—»

Scenario Sc12f

I

|

|

|

|

1

1

1
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Scenario Sc12 :

1

fSens_TransducerH

- Sens_PressureH
\

|
|
|
Fault |
|

f(n)

[
r“Transducer
[
[
[
[

=== _PressureFault

(A —
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Z Outline Tu'"

Preparing for the 4.0 Future: Industry strategies in anticipation of 4.0.

1. Introduction of TUM and AIS
2. Cyber Physical Production Systems/Industrie 4.0 —terms and challenges
3. Reconfiguration and data analytics in context of Industrie 4.0

— Concept of agents as basis for Industrie 4.0

— Open research demonstrators for Industrie 4.0: Myjoghurt, RIAN, PPU

4. Conclusion and Outlook
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Data processing for humans

Industrie 4.0 - puzzle pieces Tlm

Data processing and
integration for humans

Architecture models (reference

architecture) for a category of
aggregation/modules related to properties,
capabilities, interfaces...

/

CPS
Marketplace
of Intelligent products and
production production units

Data analysis of process and alarm
data and connection with
engineering data

Redundancy model

|1 O

Tolerance model
1

=

7o)

Flexible production units, adaptable to

modified product requirements, allow also

structural changes

Compare: B. Vogel-Heuser, G. Bayrak, U. Frank: Forschungsfragen in "Produktautomatisierung der Zukunft". acatech Materialien. 2012.

21.08.2015

Univ.-Prof. Dr.-Ing. Birgit Vogel-Heuser

© AIS, 2015



71 Summary and Outlook Tl.m
v &

* Industrie 4.0 demands new concepts for automation software during
engineering (software development) and during runtime Blspinge

s> fn
SE il ¢

* Reconfiguration of production processes for customized products i

» Changes during runtime are mandatory for Industrie 4.0

« Compensation of sensor faults to increase the availability of aPS
——anTrnErE - B © Uik

+ Self-Healing Mode for smart diagnosis and maintenence RRRREA . ERESARARG
> Metrics have to be developed for benchmarking Industrie 4.0 - b
compliant aPS i o  Lstens

» Open demonstrator for software evolution of an aPS at the PPU
» Joined demonstrator Myjoghurt is open for cooperation

Dl
[=]

http://i40d.ais.mw.tum.de

« @education — e-learning environment with automatic evaluation of
programs, Boolean algebra, simulation interfaces for PPU

© AIS, 2015
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