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Digital Industry — Levels and Terms
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Digital Transformation
 Digital Products

 Digital business models
Digitalization

* Dbusiness processes

« manufacturing management
« automation

Digitization

exchange of data

interconnectedness

Analog-to-digital conversion



From Automation Pyramid to Cyber Physical Production Systems

Cyber Layer
ERP, MES, Cloud,
loT Services,
SCADA

Information Models

Physical Layer

div. Controllers
Sensors Actors

In Technical Process




Objectives of the food industry

cost reduction

» increase in productivity

» saving of resources

» Improved production processes
Stronger networking of the supply chain
» Transparency and security

» traceability

Better product quality

» Avoidance of food losses

» Process stability with fluctuating raw materials
Greater flexibility

» Increasing the reaction speed

» More customized products

GLOBALISATION

HEALTH AND WELLBEING

ENABLERS

DIGITALISATION

INDIVIDUALISATION

URBANISATION

CONVENIENCE

DRIVING FORCES OF
CLIMATE CHANGE

| THECHANGE IN |

DESIRE FOR ENJOYMENT

THE FOOD CHAIN

AJURIT / MEGATRENDIT

POPULATION GROWTH

TRANSPARENCY

LIFESTYLE DISEASES SUSTAINABILITY

TRENDS SPECIFIC TO THE FOOD INDUSTRY

AGEING SAFETY

[Food economy 4.0 —
VTT’s vision of an era of smart consumer-centric food production, 2018]

- each digital representation challenge requires adequate modelling approaches



Information Models for the Food Industry - Weihenstephan Standards (WS)

Standard interface

o
o

o

Data contents I I I

o

o

Data Evaluation

Ethernet Socket o Efficiency Analysis

Proprietary o Batch Tracing
commands o Quality Assurance
Test Tool

(| I I I

Tagnames/
numbers _

Data types

XML Device
description

Beverage/food production, bottling and packaging




Example of a Standard WS Data Point

Name: Total Bottles

Tag-Number: 50005

Tag-Name: WS Tot_ Bottles

Data Type: Unsigned32

Read/ Write: R

Description: This data point provides the number

of bottles processed in the machine

Additional data points may be defined with a different prefix according to specified
rules, e. g. data point from company XYZ AG (Bottle capper)

Name: closure force

Tag-Number: 31101 (from free area for parameters)
Tag-Name: XYZ_Closure_Force

Data Type: Unsigned32

Read/ Write: RW

Description: Data Point provides the closure force for a closing stamp in N.



WS goes OPC UA

Alternative to current WS communication protocol (based on TCP/IP)

Pros:

« Bidirectional communication, fast data exchange

 Available on all relevant PLCs
* No license costs

« System independent

« Availability of all data

e Direct access to the PLC




WSDeviceType
WSDeviceType WS

+ P S————— CS
[ WS_Version ] | WS_Version_Vendor : | WS_Version_Project :
| |
——————— 2 T T ——= r————— - === r————— - ==( IsSubTypeOf
| WSBaseDataType

r-r-—--————-——-—"—-—"—"“—"=—"="=—"="—"—"="—"=—"=——-——= | r-r-—--————-——-—"—-—"—"“—"=—"="=—"="—"—"="—"=—"=——-——= |

—+—: Counters — —+—: Failure_notices —
L e e
r--—r——~>"~>"~>"~>"~>"~>"~>"=>">"=—"—""“"“"""==77 | r—-—— - - - - - - = === ——-—-= [

— Data_for_batch_and_article_tracing — —+-: Measured_values ]
- L_____________________.l
E | e |

—+—: Data_for_machine state — Parameters ll—
- L o o __
r-r-————-——-—"—-—"—"“—"=—"="=—"—"="—"="—"=—"=——-——= | r-r-————-——-—"—-—"—"“—"=—"="=—"—"="—"="—"=—"=——-——= |

—+—: Data_for_operating_mode — —+—: Pointers —
e T
r-r-—--————-——-—"—-—"—"“—"=—"="=—"="—"—"="—"=—"=——-——= |

—+—: Data_for_the_program : »» FunctionalGroupType
e e e e e e
r-------- - - - - - - --—-—--—-—-=- |

- — WS Brew-Template



Data profile libraries for different machine types

[=)- WS_Pack_Library '
= Al WS-Food

E] 01 Packaging

. 011 Filing and chi

-01.2 Closing machines
-01.3 Labelling, decorating ar
-01.4 Cleaning, sterilizing, coc

01.4.1 Cleaning machine
- 01.4.2 Pasteurising mact
01.5 Fill and seal machines

-01.6 Inspection machines

&1 01.6.1 Inspection machir
--01.6.1.1 Empty bottle
- 01.6.1.2 Full bottle in
&) 01.6.1.3 Crate inspec
. 01.6.1.4 Pallet inspe:

- 01.7 Container and compone
- 01.8 Fomm fill and seal machir
- 01.9 Carton erecting, carton
~01.10 Wrapping machines

i~ 01.11 Group or transit packa
. .01.12 Pallet forming, dismant
E] - 02 Transportation device

~02.1 Conveyor systems, buffe
- 02.2 Crates Magazine
- 02.3 Pallet Transport, Pallet |

D 03 Technical Process Equipment

03.1 CAF (Cold Aseptic Filling

: 03.2 CIP
-+ 03.3 Flash Pasteurnzation Ma

[=- WS_Food_Library_V08
(=) All WS-Food machige

- 01 Processing
= 01.1 Units foyffe
- @-01.1.1 Heat
- 01.2 Foreign Body Detectors
-01.3 Mixing Units
01.4 Smoke generators
. - 01.5 Smoking and maturing <
EJ 02 Transport machinery
i - 02.1 Conveyors
- 02.2 Pallet transporters
- 02.3 Magazines
(=} 03 Manufacturing machines
(- 03.1 Filling machines
&) 03.1.1 Sausage filing me
[=)- 03.2 Pickling machines
- 03.2.1 Injectors
- 03.2.2 Tumblers
[=)- 03.3 Cutting machines
-03.3.1 Slicers
(- 03.4 Cutting/mincing machin
&)- 03.4.1 Mincing machines
- 03.4.2 Meat Cutters
- 03.4.3 Uttra fine cutting/i
! ‘- 03.4 4 Separators
&) 04 Packaging Machines
- 04.1 Labelling machines
- 04.2 Pallet loading machines
(- 04.3 Sealing machines
- 04.3.1 Container sealing
- 04.3.2 Clip closing machi
[=)- 05 Scales/Balances
.- 05.1 Monitoring scales/balar
- 06 Washing machine

=-WS_Bake_Library_V08
(= All WS-Bake macl

= 01 Silo systems
f ~01.1 Blendiry s
02 Dosing systems
02 1 Gravimetric dosing syste
i - 02.1.1 Manually Weighin
- " 02.2 Volumetric dosing syste
[#- 03.1 Kneading machines
=~ 03.2 Dough handiing machin
i -03.2.1 Laminating machir
- 03.2.2 Forming machines
. - 03.2.3 Cutting machines
-03.3 Proofing plant
(=~ 03.4 Baking ovens
. 1-03.4.1 Deck ovens
. -03.4.2 Tunnel oven
- 03.5 Cooling systems and fre
(- 03.6 Refining machines
[=)- 04 Transport machinery
. :-04.1Conveyors
- (04,2 Baking plates/modules
- 04.3 Baking plates/modules
- 04.4 Box magazines
- 045 Pallet transporters
- 04,6 Pallet magazines
[=- 05 Packaging Machines
. -05.1 Labelling machines
- 05.2 Pallet loading machines
- 05.3 Clip closing machine
- 05.4 Tubular bag machines
D 06 Scales/Balances
(- 06.1 Foreign Body Detectors
- 06.2 Monitoring scales/balar

= WS_Brew_Library_V02

i=)- Datatags for all Machine
; 01 Raw Materials
=) 02 Brewhouse
- 1021 Mash-Tur

- 02.2 Lauter Tun
-~ 02.3 Mash Fiter
-~ 02.4 Spend Grains Silo
- 025 Underback
-~ 02.6 Wort Kettle
- 02.7 Intemal Boiler
- 02.8 Bxtemal Boiler
-~ 02.9 Vapor Condenser
-+ 02.10 Energy_Storage_Vess
- 02.11 Whirdpool
- 03 Wort Treatment
- 04 Yeast Management
05 Cellar
- 06 Filter Cellar
- 06.1 Centrifuge
- 06.2 Sheet Fitter
- 06.3 Candle/Cartridge Fitter
- 1..06.4 Membrane Fiter
- 07 Pressure Tank Celar

09 Flash Pasteurisation (KZE)
= 10 Utilities
- 1-10.1CIP Plant
=-10.2 Media
| @-10.2.1 Water Treatment
--10.2.2 CO2 Recovery Pl
. -10.2.3 Compressed Ar
- 10.3 Energy Supply

~ 12 Production Planning
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MES Modelling

MES Project

1. 2. 3. 4, 5. 6. 7.
Basic Pre-Planning Basic Detailed Implementation Operation Project
Evaluation Stage Planning Design Stage Stage Completion
State of the art: Consequence: Motivation:
« Customization * Personnel Concepts &
* Specialization expenditure Methods

Parametrization

90 % Software

10 % Hardware

Saving Potential

Reduction of Cost

Model-driven Engineering of

Manufacturing Execution Systems




Model-driven approach for MES Generation

Specification

Models

Libraries

o = = = = e e = = e
Library Domain 1.

S mm Em Em Em Em Em Em o Em Em Em Em o Em o Em o o o owm o omm W

- EE O EE O BN EE O EE N BN EE B EE N BN EE N EE e E e e mm o mm omm

Generating

Specifying

Modeling



Beverage filling line — plant model

WS

WS

WS
WS
WS

WS

4 & Beverage Filling Factory
4 gﬁ Filling Hall

4 | P | Filling Plant

4 7 Filling Line

=

Depalletizer

Crate Unpacker

Bottle Washing Machine

00100 - WS_Cur_Mode

00200 - WS_Cur_Prog

00300 - WS_Cur_State
50101 - WS_Cons_Clean_Water
50102 - WS_Cons_Hot_Water

50110 - WS_Cons_Electricity

Bottle Filling Machine
Bottle Labeling Machine
Crate Packer

Palletizer

Crate Washer

WS_Mode

WS_Prog

WS _State
WS_Cons
WS_Cons

WS_Cons

Betriebsart. Informiert hierbei tiber Ar
Die Betriebsarten kénnen nur "exklusi

Program. The program is a consequel
function (DIN 19237).

During the execution of the planned ¢
Clean water consumption
Hot water consumption

Electrical power consumption



Beverage filling line — process model

Process

Process Stage

Process Operation

e
/\’ ) Beverage
Filling O
StartEvent \ + StopEvent
' 4 4
< i ) Pallets »{ Crates Bottles Bottles
Depalletizing Unpacking Washing Filling
StartEvent - -
Bottles Bottles Crates
Labeling Packing Palletizing
StopEvent




Beverage filling line — MES function model

Machine_1 -]

Start Time >

End Time [

Machine_2 3]

N

H Energy Consumption Machine 1 |

Energy Consumption of 2 Machines F[ Energy Consumption Machine 2 |

F[ Total Energy Consumption |

52| J

O

Machine_1

[——=—

- -

L Lerergy BataPemt3|

1 Energy Consumption Calculation

Start Time

| — —Start Fime- —]
| I
T — —EndFime — -]

H

Energy Consumption
Machine 1

) |

[oErergy-cendumption |
T

/

StariEvent

4+

'|>{F_____

~

-

Total Energy
Consumption

-
|
I
|
|
I
|

I
‘ _ _Sum

|’ Energy Consumplion Calculation

B

End Time —i — — StartTime— ——H
— —{— EndFime— —3]
Machine_2 — —

~

e |

Sum(x_1, x.2)

i

;
[

&

F—*l-Ewngemimf'ion |
|

e

Energy Consumption
Machine 2

"

EndEwvent




Beverage filling line — report model

Mame

StartTime

EndTime

Depalletizer

Crate Unpacker

Bottle Washing Machine
Bottle Filling Machine
Bottle Labeling Machine
Crate Packer

Palletizer

Type
AM StartTime

AM_EndTime
T5_Machine
T5_Machine
T5_Machine
T5_Machine
T5_Machine
T5_Machine

T5_Machine

~ReportElement

Name : Energy Consumption of 2 Machines

ReportElementType : TextField

Report Element Link
@ MES Task() Constant Value
Linked MES Task :

Energy Consumption of 2 Machines

Inputs
Port Reporilnput
StartTime<AM_StartTime> StartTime b
EndTime v

Machine 1<T5 Machine= Bottle Washing Machine

-

[
EndTime<AM_EndTime> |
[
[

Machine 2<T5 Machine= Bottle Washing Machine

-

)
)
)
)

Cutputs
Port ReportCutputs
Total Energy Consumption<W5_Cons>
Energy Consumption Machine 1<W5_Cons>

<]

Energy Consumption Machine 2<W5_Cons=> vl




Beverage filling line — prototype of generator

8 Report RS

Generate User
Interface

‘ Execute MES Function

& Report EEIx
Generate User
Interface
Energy Report
‘ Execute MES Function
Input Area
Start Time
End Time
Machine 1 A
Machine 2 M
Output Area
Energy Consumption Machine 1 (kWh)
Energy Consumption Machine 2 (kWh)
Total Energy Consumption (kWh)

-

! Report

-:@g

Energy Consumption
of 2 Machines

Total Energy Consumption (kWh)

Generate User
Interface

Execute MES Function

Input Area

Start Time 23.02.2013 00:00:00

End Time 23022018 23:59:59

Machine 1 BottleWashingMachine WS_Cons_ -
Machine 2 BottleFillingMachine WS_Cons_Ele -
Output Area

Energy Consumption Machine 1 (kWh) 261.3
Energy Consumption Machine 2 (kWh) 1125
3738




Model-based fault localization in bottling plants
M, —> M, —>—>

£

My
v
B5

M, >@ > M
'

M
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7

Conveyors connecting machines of a

bottling plant for returnable bottles Bro

[Photo: Deutscher Brauer-Bund e.V.].
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BCS

Depalletizing
Unpacking

Bottle cleaning
Bottle inspection,
filling and capping
Labeling

Packing
Palletizing

Pallet feeding
Pallet transport
incl. magazine
Pallet releasing

Crate conveyor

Empty crate conveyor incl.
cleaning and magazine
Crate conveyor

Bg,.; Bottle conveyors

Generic structure of a bottling plant for returnable bottles



Physical Component Models

Material O
Vin . Vout Transporter
e — | (MT)
B= 19 State variables
@ E:> B Objects in buffer (#objects)
<:EO © O O © O E{> Bout Objects buffered for immediate output (#objects)
— — Ui Velocity of input transportation means (m/s)
H_’} Uput Velocity of output transportation means (m/s)
5 13 ty Minimal transportation time (s)
Schematic model of the Material Transporter Parameters _ o .
dy Diameter of transported object (in transportation plane) (m)
C Capacity (#objects)
Interface variables
N.qpot Potential inflow (#objects/s)
oULl.qpot Potential outflow (¥#objects/s)
N.qact Actual inflow (#objects/s)
OUt.(act Actual outflow (#objects/s)
Equations
B [objects] . Zeitin s (1) in.qpot(t) = vin(t)/do 1f B(t) <C
oL TN ] in.qpor(t) = min (vin(t)/do, 0Ut.qace(t)) if B(() = C
700 s ] (2) dBfdt = in.qace(t) — OUl.qace(t)
288 i 'ijj Ou{-@pﬂt(!}= I"’tj-ut[:”l“:‘iﬂ if Bout(!) = 1
] out.qpor(t) = min (in.qac(t — ta), Vou(t)/do)
100 : ‘ ‘ A else
° 1000 2000 3000 000 Timein (4) dBoue()/dl = in.Gacd(t — ta) — OUL.Gact(l)

S

Buffer response (lower graph) to variation of v;, and v,



Qualitative Models allow consistency-based diagnosis

Material Transporter (MT) with Buffer

[1] [in.q,5()] = [Vin ()] if C-B(t)>0
[in.gpot(t)] = min ([vin(t)], [out.qact(t)]) if C-B(t) =0
[in-Gpor(t)] [Vin(1)] [out.qaa(t)] [C-B(1)]
0 0 * +
+ + * +
+ + + 0
0 0 + 0
0 + 0 0
[3] [out.qpot(t)] = [Vour(t)] if Bout(t)-120
[out.gpot(t)] = min ([in.qact(t - ta)] ,[ Vout(t)]) if Bout(t)-1<0

[out.gpot(t)] [ Vout(t)] [in.Gace(t - ta)] [Bou(t)-1]
0 0 * 0
0 0 * +

System

Y

Observations = ?

-

OK(Cy),

= Model

Y

Predictions

Principle of consistency-based diagnosis



Evaluation of results for the diagnosis solution

Real plant A Real plant B Sum real plants A and B Simulated plant C

Cases Percent Cases Percent Cases Percent Percent

Failures 7 LineMod Diagnosis — NN LEE 312 64.7 0 0.0

Overview | Select Time Window| Results |

‘ Machine State From To Filler State From To Duration Percentage Total Downtime. - 1 2 6 2 6 1 46 5 9 7

Bottle_Filler Stopped 09:31:2% 09:31:30 Stopped 09:31:25 09:31:30 00:00:05
Bottle_Filler Stopped 09:46:54 09:47:01 Stopped 09:46:54 09:47:01 00:00:07 - b
Bottle_Filler Stopped 02:50:59 09:51:06 Stopped 09:50:59 09:51:06 00:00:07 44 9. 1 3 1 40.3

Empties_Inspector 1,1% o0:00:07

. . BT3 1,1% 00:00:07
Dl agnos] S Bottle_Washer 0,6% 004itE 460 95 _4 80 1 DD_D

Bottle_washer Equipment_Failure 09:42:44 09:48:06 Lack 09:46:04 09:46:534 00:00:30
Bottle_washer Equipment_Failure 09:42:44 09:43:06 Lack 09:47:13 09:50:59 00:03:46 E

tio_Plausible_Cause 4,9% 00:00:31 1 2 2 4 . 6 D U . D

=] Labeling_Machine 21,7% oxoz:17

Causes for Filler Downtimes on 11.06.2008 from 09:12:53 to 10:01:08 Depltion #1001 1 48 8?. I 80 1 DD.D
epaletizer
22 12.9 0 0.0

Manual Sorting /
26001

Descrewer / 4001

Crate Unpacker /
3001

Battle \Washer / 7001

Emply Bottle
Inspecior 4 8001

5 C Bottle Filler / 9007

= Bottle_Filler
® Empties_Inspector
BT3

Labsling Machine /
& Botle_Washer 10001
= No_Plausible_Cause

& Labeling_Machine
Crate Packer / 11001

Palletizer / 14007

36

11.06. 2008 05:42:26 03:43:28 03:44:30 0%45:32 09:46:34

I Stopped [ ] Staring ] Prepaed Lack

[ ] Taiback [ ] LackBranch [ ] Tailback Branch [ ] Dperating
I stoppino [ pboting I Coupent [N el Faie
I :eigency Stop [ ] Holding [ Held I o dals

Implementation (screenshot) into an industrial diagnosis tool



Energy simulation in food production systems

* Rising energy cost
(especially electric)

« Energy consumption
of packaging machinery
strongly related to
production state

* Prognosis necessary
for optimisation

« State related forecast
solutions are missing

=» Goal:

=100)

Index (1998

40 ..........................................................................................................................................................................................
20 ...............................................................................................................................................................................................
0

O O N A O XL OO A O 0O N O O WK
D DO O " T T OO O QT NN NN
FEFEFT T T TS S S

Index of the development of industrial electricity prices *

in Germany in from 1998 to 2014 (1998 = Index 100)
[BDEW; Federation of energy consumers, 2015]

operational state related modelling and simulation
to forecast the electric energy consumption



Data Acquisition and Modelling Approach

50’1 " i

s =
=3 @
) al
il
20 -— measured data
tailback
10 | operating
equipment failure
O | | 1

time [s]

Power consumption and production states
of the bottle cleaning machine

Measurements at an industrial bottling
and packaging plant consisting of 10
machines

« Production state (operating, failure,
held, emergency stop, lack, tailback,
Idle, prepared)

 Electrical power
Basic modelling idea:

Energy consumption of a machine is
correlated with its energetic states at
three constant levels:

* Producing
« Suspended

 |nactive



Modelling state changes along intermediate consumption levels

60,0

Producti

50,0
— 40,0
=<, 30,0
T
Q. 20,0
10,0

0,0

IL

— average of Pel

varinace of minima und maxima

LLLLL T L L I I I ™I

Suspended

IL,
IL,
IL,,
CL

if t <ty
if t;y < t <ty
if t;pp < t<tyn

if t>tin

8 121620242832364044 4852
time [s]

660646872768

08

4 88 92

Stepwise change of the consumption level of the bottle cleaning machine
(maximum variation, average value and confidence interval (a=0.05) of 20 measurements)



Model implementation

MES
(historical
energetic [H] - state data)
parameters Mg state data B SOL Data g
measured F @-.\ Base
energy
data MATLAB energy model

4

energy
forecast




Model Validation for single machines

energy parameters for the bottle cleaning machine

Incative Suspended Production
PIkW] t[s] | P[kW] t[s] |PI[kW] t][s]
IL1 7,2 0 49,78 4,9 38,9 4,5
IL2 7,2 0 44,5 34,8 48,5 10,2
70 IL3 7.2 421 532 | 493 214
60 Steady state| 7,2 37,8 -- 50 --
50
2 40
O 30
20 ——simulated data
——measured data
10~ [_Joperating
[ Isuspended
0
79 80 81 82
time [h]

example of a validation plot for the bottle cleaning machine



Summary of the validation results

TIC APD Measured Simulated Total deviation credibility acceptability
Depalletizer 0.38 27% 418 kW 315 kW -16% 0.05 no
Depacker 0.21 24% 356 kW 334 kW -6% 0.48 no
Selective depacker | 0,16 13% 305 kW 309 kW 1% 0,60 yes
Washing machine | 0.16 32% 6007 kW 5910 kw -2% 0.60 yes
Filler 011 17% 1541 kW 1528 kW -1% 0.73 yes
Labeller 0.20 33% 392 kW 380 kW -3% 0.50 yes
Packer 0.30 41% 403 kW 347 kW -14% 0.25 no
Mixer 0,27 156% 1692 kWh 1805 kWh 7% 0,33 partially
Palletizer 0.29 28% 449 kW 431 kW -4% 0.28 no
Crate Washer 0.15 16% 2670 kW 2492 kW -7% 0.63 yes
Complete line 0.12 25% 14233 kW 13889 kW -2% 0.70 yes




Validation plot of the complete bottling and packaging line (14

A Ay
Validation time: 336 h (14 days)
120 | | [ [ T T T T T
——simulated data "
——measured data sl |
100
100 - ‘1
— 5 I
- '
=, \
[
—, 80 8 al Il
2 £ |
‘E‘ 375 0 .
g & l} Il
8 \ % 5 }I “ ‘h KLV
> -
oo
o 4o S5g0 "J
qC) | | |
= . 6.52
§ time [s]

time [s] % 10°



RoboFill - Agent-based bottling in lot size 1

BeerType(s)
BottleType | ‘\\
g \ \,\ __
y L
' \)'\)q ;')) \

webshop

production
Jjobs

Lable

[- q)

)J\J

S e

production control

1 FtllerB '
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[ Printer
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IT-Architecture of the cyber-physical production system
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Agent System Architecture
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Individualization in the RoboFill Webshop

Konfigurator

RoboFill4.0

RS S S SN NN NN

X

Startseite Login

€ | ® @ https://tum.portamis.de:8083/onlinebeschriftung/step10ChooseProduct.jsf

Meine Kundendaten Meine Projekte
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Digital transformation in the food industry

Chances

cost reduction

» increase in productivity

» saving of resources

» Improved production processes
Stronger networking of the supply chain
» Transparency and security

> traceability

Better product quality

» Avoidance of food losses

» Process stability with fluctuating raw materials
Greater flexibility

» Increasing the reaction speed

» More customized products

TUTI

Challenges

Consistent internal and external digital
networking

» (Standardized) communication interfaces

» Big data sharing

Reusable product and process models
(Digital Twins) for

» Product development and plant planning

» Virtual commissioning

» production control

Reference applications in the food industry
» Decentralized production control (agents)

» Machine Learning (Analytics)

» Digital business models



