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Introduction and Motlvatlon

Technical constraints on automated Production [;
Systems (aPS):
— Lifecycles last up to 50 years [1]

— Hard real-time requirements, cyclic
behavior (1us — 1s), and

Source Bayer AG, Leverkusen

Source: 'Slemens AG
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MDE in aPS: UML and SysML for code generation MIDELNE eSS

Variant and version management: especially relevant <
for plant and machine manufacturing due to parallel
operation with different machines for different customers | £ .
on different sites; approaches form academia include

n
LVariam B1.1. I'A2.0. ;

product lines and feature models [3,4] | | L
Vogel-Heuser et al. [2] showed extensive use of “copy,
paste and modify” in industry

Variant B

Birgit Vogel-Heuser; Jens Folmer; Christoph Legat: Anforderungen

an die Softwareevolution in der Automatisierung des Maschinen-
und Anlagenbaus. In: at — Automatisierungstechnik, 62(3), 3/2014.

Standard functions and standards in implementation:
ISA-88 for hierarchy of modules [5]

modules implement typical standard functions for diagnosis, i.e.
fault detection, and fault handling [6]

beverages: PackML including OMAC state machines [7]

i

E2-un - o=-an

https://store.codesys.com/omac-packml-state-machine.html

Benchmarking and measure for SW quality in aPS: Comparison of machine manufacturing
(MM), special purpose machinery (SPM) and plant manufacturing (PM) failed in [2]
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. Step 1:
Preparation step experimentation Step 2: reporting
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3 guestionnaires = characteristic maturities and maturity variations
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Companies participating in the survey

TUT

Industrial Business ' Complexit Programmin Customer
Group  Company P y PLC supplier*/O0O 9 **g has access MDE***
sector type and size Languages
to code
EA,
N 1-1 6, 1k-2k# Sin.a. gﬁé FBD, ST, M/S, M/S,
o Steel large Partiall Eclipse
\—|>'< 1-2 industry scale PM 5, <5k# S, R/n.a., B, SE/OOp HPL, M/S y EA, M/S
o 1-3 4, >5k# S, R/n.a. HPL, all IEC EA, M/S
1-4 5, >5k# S, R/n.a. SE, OOp HPL, FBD, IL, CFC EA, M/S
2-0 (Q1) Eﬂg‘:r’na n.a., <lk# R/n.a., SE/OOp ST, SFC,FBD,LD  Never M/S
< 2-1 (Q2) Pharma SPM 5, <200# B, SE, B&R/OOp HPI, ST, SFC, FBD Partially EA, M/S
<D\|'_ 2-2 (Q2) Pharma and 3, <200# S, R/n.a. F/-O0p HPL, IL, LD, SFC Never
Pharma, PM i
2-3(Q2) Med, 6, 200-500# R/n.a., B/OOp HPL, FBD, IL, ST Partially
Consumer
3-1 Food & Bev. n.a., 200-500# S, R/n.a. B&R M/S, ST, IL, LD M/S
= Food,
o 3-2 Pharma, SPM n.a., >1k#, S, R/n.a. B&R, F M/S, all IEC, other . M/S
=< - and 10k LOC Partially
o Logistics PM
o Food, n.a., 0.5k-1k#,
3-3 Logistics some 10k LOC S, R/n.a. B&R, F all IEC, other -
4-1 SPM n.a., 40k LOC S, R/n.a. All IEC -
>< ~—~~
EL. 8‘ 4-2 ggeg’ra . and n.a., 40k LOC S, R/n.a. M/S, ST, FBD, LD Partially M/S
= 4-3 9 PM n.a., 5k LOC S, R/n.a. ST, FBD, IL, LD -

PY-x (QZ): company group Y, company X, questionnaire Z
*PLC supplier: B = Beckhoff; BR = Bosch Rexroth; B&R = Bernecker + Rainer; F = Fanuc, R = Rockwell Automation, S = Siemens, SE = Schneider Electric,

OOp = OOpartially,
**Programming lan
Matlab/Simulink; G

Extreme

, hegative and

according to Runeson et al. [8]

s: M/S —
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Complexity: numbérs
LOC - Lines of Code
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Research Questions (RQ) Detailed Research Questions

Are there typical maturity  Are the proposed metrics applicable independently from software complexity and size? (RQ1.1)

values and variations for
the proposed metrics within
the same company or within

Can companies from within the same industrial sectors be compared using only the proposed
metrics? (RQ1.2a)

a specific industrial sector?  pg industrial sectors have characteristic values? (RQ1.2aF)

(RQ1)

Can companies from different industrial sectors be compared using only the proposed metrics?
(RQ1.2b)

Are maturity variations among groups within one company or companies from one network
detectable by metrics in one main market? (RQ1.3)

How large is the variation among a company’s groups / network? (RQ1.3a)

Does analysis of clusters deliver additional insights compared to analysis of
all criteria? Are there clusters of criteria that correspond to implemented
strategies? (RQ1.3b)

What are thresholds for acceptable variations, related to the company’s
strategy? (RQ1.3c)

How large is the gap Do companies use MDE? (RQ2.1)

between approaches from  pg companies apply variant design and management? (RQ2.2)

research and the industrial What are typical reasons for a lack of variant design? (RQ2.2a)

state of the artin aPS : . — >
design? (RQ2) Are universal modules used as an approach of variant design in industry?

(RQ2.2b)

Is variant management a major driver for reusability of mechatronic
modules? (RQ2.2c)

Are product line approaches applied to cope with variability? (RQ2.2d)

Do companies make use of the IEC 61131-3 OO extension? (RQ2.3)?
What are company’s reasons to apply OO IEC? (RQ2.3F)

©AIS
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Typical maturity values and variations within the same company
and Information Systems or within a specific industrial sector? (RQ1)

Are the proposed metrics

applicable independently from
software complexity and size?

(RQ1.1)

7=
U

Q2#0.1 Exchange
during development

phase

Q2#0.2 Meetings of the

Q2#0.6 Modularisation g disciplines

Can companies from

d |fferent | n d UStrIa| SeCtO s Q2#0.5 Interdisciplinary

be compared using only the

proposed metrics? (RQ1.2b)

e

N Q2#0.3. Requirement

mechatronic modules specification

Q2#0.4 Modeling tools

——P1-1 —— -2 ——P1-3 ——P1-4 =®=P1 average

—tr— P 2-1 e P2-2 P2-3 - &= P2 average

different industrial sector and scale (Q2)
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Typical maturity values and variations within the same company TI_ITI

and Information Systems or within a specific industrial sector? (RQ1)

Are maturity variations among groups within one company or companies from one network

detectable by metrics in one main market? (RQ1.3) i ——r

How large is the variation
among a company'’s
groups / network? (RQ1.3a)

Does analysis of clusters
deliver additional insights
compared to analysis of all
criteria? Are there clusters of
criteria that correspond to
Implemented strategies?
(RQ1.3b)

What are thresholds for
acceptable variations,
related to the company’s
strategy? (RQ1.3c)

2 P1-3  =————pP]-{ «.dssP1average
Q2#1.02 Object-oriented

extension of IEC 61131-3
Q2#1.17 Composition of Q2#1.03 Standards referring

control software projects to implementation
! Q2#1.04 Software standard

CEBLAIP T s R functionalities

Q24#1.05 Implementation of

Q2#1.15 Code generation interfaces

Q2#1.06 Standard functions

2#1.14 Project templates
Q ] i of modules

Q2#1.07 Amount of library
modules

Q2#1.13 Variant
management tool

2#1.08 Release of library

Q2#1.11 Change tracking™ modules

Q2#1.10 Disciplines using } Q #1.09 Version
version management tool management tool

P2-]1 ecomfe—pP?-) —og—p2-3
Q2#1.02 Object-oriented
extension of |IEC 61131-3
Q2#1.17 Composition of Q2#1.03 Standards referring

control software projects to implementation

Q2#1.04 Software standard
functionalities

««dh e+« P2 average

Q2#1.16 Templates

Q2#1.05 Implementation of

Q2#1.15 Code generation interfaces

Q2#1.06 Standard functions

Q2#1.14 Project templates of modules

Q2#1.13 Variant
management tool

Q2#1.07 Amount of library
modules

©AIS

Q2#1.08 Release of library

Q2#1.11 Change tracking modules

Q2#1.10 Disciplines using the Q2#1.09 Version
version management tool management tool
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Can companies from within \/
the same industrial sectors
be compared using only the

proposed metrics? (RQ1.2a)

P3 and P4 operate in the same industrial sector

Do industrial sectors have \/
characteristic values?
(RQ1.2aF)

Typical maturity values and variations within the same company
or within a specific industrial sector? (RQ1)

Yes

No

TUT

Q2#1.02 Object-oriented

extension of IEC 61131-3
Q2#1.17 Composition of Q2#1.03 Standards referring
control software projects to implementation

Q2#1.04 Software standard

Q2#1.16 Templates functionalities

Q2#1.05 Implementation of

Q2#1.15 Code generation} interfaces

Q2#1.06 Standard functions

Q2#1.14 Project templates of modules

S

Q2#1.13 Variant

Q2#1.07 Amount of library
management tool

modules

Q2#1.11 Change trackim; [1241.08 Release of library

modules
Q2#1.10 Disciplines using (T #1.09 Version
the version management tool management tool
e P 1-1 —— P12 P1-3 P1-4 P1 average
—— P2-1 — P22 — P23

P2 average

Q1#1.01 In-house

cooperation
Q1#1.14 Project
templates

Q1#1.02 Document
exchange

Q1#1.16 Tools for code

Q1#1.03 Development
generation

documentation

Q1#1.04 Initiative for

Q1#1.15 Code generation modularity

Q1#1.05 Extent of

Q1#1.11 Change tracking modularity

Q1#1.13 Generation of
new variants

Q1#1.09 Versiol

management tool

1#1.07 Use of library
components

#1.08 Rel of
library modules

—o—P31 —e—P32 —e—P33
——P41 P42 —demPA3
—P2.0

Felix Ocker | Institute of Automation and Information Systems | Technical University of Munich | 17.05.2018 9

©AIS



Institute of Automation
and Information Systems

Typical maturity values and variations within the same company

or within a specific industrial sector? (RQ1)

Q2#1.02 Object-oriented
extension of IEC 61131-3

Can companies from within \/
the same industrial sectors
be compared using only the

proposed metrics? (RQ1.2a)

\( es Q2#1.17 Composition of

control software projects

Q2#1.15 Code generation "

Q2#1.14 Project templates

P3 and P4 operate in the same industrial sector Q2#1.13 Variant

management tool

Q2#1.11 Change tracking® ‘
Q2#1.10 Disciplines using

(RQ1.2aF)

No —— P 1-1 —— P12 P1-3

Do industrial sectors have \/ P21 —e—p22  —e—p23

Q1#1.14 Project
templates

Q1#1.16 Tools for code

O BN W R~

P1-1 P1-2 P13 P14 P20 P21 P22 P23

mmmm 7. Amount of library modules mmmm 8. Release of library modules mmmm 9. Version management tool

o1 1. Change tracking 14, Project templates

generation

Q1#1.15 Code generation

Q1#1.11 Change tracking

Q1#1.13 Generation of
I new variants

Q1#1.09 Versiol
P3-1 P3-2 P33 P41 P42 P43 management tool

——P31 —e=P32
=15 Code generation —r—P 41 P42
—_—P20
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Q2#1.03 Standards referring
to implementation

FCT2#1.09 Version
the version management tool management tool

Q1#1.01 In-house

characteristic values?

Q1#1.02 Document

1#1.07 Use of library

#1#1.08 Release of

TUTI

Q2#1.04 Software standard
functionalities

Q2#1.05 Implementation of
interfaces

Q2#1.06 Standard functions
of modules

Q2#1.07 Amount of library
modules

2#1.08 Release of library

P1 average

Q1#1.03 Development

Q1#1.04 Initiative for

Q1#1.05 Extent of

10
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and Information Systems Gap between academia and industry in aPS design (RQ2)

Do companies use MDE?

(RQ2.1)

12% of PLC and 8% of HMI code Do companies make use Of.1
Is generated from models like UML the IEC 61131-3 00O

and Matlab/Simulink extension? (RQ2.3)?

What are company’s
reasons to apply OO IEC?
(RQ2.3F)

Yes, Q2: 42%; Q3: 33%
Reasons: code comprehensible,
guality, time/cost savings, tools

Do companies apply variant |
design and management?
(RO2.2)

Q2: 42% no usage
Q3: 25% usage, 52% partial usage, 10% no usage

Felix Ocker | Institute of Automation and Information Systems | Technical University of Munich | 17.05.2018 11
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and Information Systems Gap between academia and industry in aPS design (RQ2)

What are typical reasons fo
a lack of variant design?

Reasons for not using variant construction mProblems due to not using variant construction

. . . 0/
(RQ2 . Za) to0 laboriou s/time-Con SUMING by 57 %
not enforceable/too costly 37%
A O 4. 3%
. . . 0/
machines/parts of machine are too diverse yyyyyymummm 149%
14%
other/further  yyyymmmmm 149%
na. 14%

- 1 3%

- S
Is varlant management a Ye

major driver for reusability
of mechatronic modules?

(RO2.2¢)

0% 10% 20% 30% 40% 50% 60%

Are universal modules used ¢

as an approach of variant
design in industry? (RQ2.2b)

NO
Are product line \fé

approaches applied to cope

©AIS

with variability? (RQ2.2d)
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and Information Systems OverVi ew Of Fl nd | ngS
Research Detailed Research Questions Evaluation Validit
Questions (RQ) y
Are there typical Are the proposed metrics applicable independently from software complexity and size? (RQ1.1) = =

maturity values

and variations ©an companies from within the same industrial sectors be compared using only the proposed - —
metrics within _ _ o ,

the same Do industrial sectors have characteristic values? (RQ1.2aF) o

company or - can companies from different industrial sectors be compared using only the proposed metrics? — —
within a specific (rRo1.2h) = —

industrial i o . .
sector? (RQ1) Are maturity variations among groups within one company or companies from one network

detectable by metrics in one main market? (RQ1.3)

How large is the variation among a company’s groups / network? (RQ1.3a)

Does analysis of clusters deliver additional insights compared to analysis of all
criteria? Are there clusters of criteria that correspond to implemented strategies?
(RQ1.3b)

)

What are thresholds for acceptable variations, related to the company’s strategy?
(RQ1.3¢c)

1]

How large is the Do companies use MDE? (RQ2.1)

gap between

i ' ' ?
approaches from Do companies apply variant design and management? (RQ2.2)

0@ 0 |D

research and What are typical reasons for a lack of variant design? (RQ2.2a) =
the industrial - Are universal modules used as an approach of variant design in industry? (RQ2.2b) S
state of t_he artin Is variant management a major driver for reusability of mechatronic modules? — —
aPS design? (RQ2.2¢) - 4
(RQ2) Are product line approaches applied to cope with variability? (RQ2.2d) 0
Do companies make use of the IEC 61131-3 OO extension? (RQ2.3)? — <
What are company’s reasons to apply OO IEC? (RQ2.3F) ~
Evaluation / validity is = = high = medium @ = low
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Conclusion
SWMAT4aPS,,, showed

« typical maturity values and variations for the proposed metrics within the same company or
within specific industrial sectors for some selected companies (RQ1)

» a huge gap between research results and state of the art in industry regarding Model
Driven Engineering, Variant Design as well as Object Oriented PLC programming (RQ?2)

- Get industry to the level academia already is at!

Outlook

Our group is continuing this kind of comparison between academia and industry

—> Currently working on fourth questionnaire

« Refine unclear results

* Internationality

* More companies

« Focus on MDE as well as reusability, especially variant and version management

Felix Ocker | Institute of Automation and Information Systems | Technical University of Munich | 17.05.2018 14
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