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Cyber physical system evolution

User experience,
Human-Machine

Internet of Interface

Things, Cloud, -
! Big Data
Network Internet
Technologie\

Cyber-Physical Systems /

Embedded Networked
Systems Embedded Systems

"Smart Everywhere"

Micro/Nano System on
electronics Chip, Smart Computing
Systems Continuum Cognitive &

Learning
Technologies

« Foster integration across value chains
* Target industrial — professional — consumer markets

Source: Werner Steinhogl, European Commission
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Socio-Technological System

Process / Technology Interaction Points
Information Identify the relevant parts of activities that
Interact with Technology. This
Point may link to ‘Use Cases’

and ‘User Journeys’.

Capability
scription

- Q100
appliopiiale

Skills, knowledgel ons and

And experience TeCh n°|ogy
Improving productivity by automating
relevant parts of activities

Customsr Drivan Solutions Limitea, Enterprise a8 3 System of Systams: V025 28-Ssptamber-2017
Brucs McNaughton, Copyright 2000-2017



\ 01: Introduction

Technological _PI_I'!!SIE?:II . Eual.
Revolution Civilization Civilization
Social System — Socio-Technical System
The Rate of
Accelerating Return Physical Humanity " Digital Humanity
Human Physical System — Cyber-Physical System

Revolution

We are ending a 4 billion years-old hegemony of “Darwinian Evolution”

Source: Andrew MaAfee, Erick Bryjolfsson
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02: iStarch project



02: iStarch project: Motivation

World Tapioca Root Production Thailand Tapioca Starch Export Value

L 45.00
m Nigeria
. pr—
= Thailand 40.00 /
m Indonesia _.35.00
i = /
8% m Congo S
@‘" g 2 25.00
11% m Other £
12% 5 20.00
e ‘//
©
. ® 15.00
World Tapioca Product Export 3 /___,/-
1% 4o, 6% £.10.00
2% ; o
= Thailand g 0-—0/’/’/
10% ' S 5.00
m Vietnam >
. 0.00
® Indonesia 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
= China
= Brazil Harvested area: Root productivity:
1.4 Million hectare 22.6 tons/hectare
= Other (World average 12 tons/hectare)
Main tapioca root
Chips Pellets Starch

' &
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02: iStarch project: Motivation

[T F . A
- ’fﬂ i Most Operated manually by workers
\.‘:\.. ' - v

Decision based on worker’s experiences

Product quality unstable

Take a long time to diagnose abnormal operation

More than 50% of starch factories in
Thailand are manually operate
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02: iStarch project

.
sioTec)

n member of NSTDA )
Systems engineer

Process engineer

Challenge: cost-effective automation
with intelligent manufacturing.

Manual ----> Intelligent automation

Factory
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. 02: iStarch project: industry 3.0 automation system

Enterprise Resource Planning Information
> Material, delivery, inventory

s Time Frame
v Months, weeks, days, shifts

i

Information

Yield, loss, Performance
Time Frame

Shift, hours, minutes, second

Operator station

Data type
Level, temperature, pressure,
flow rate

1
(ISA 95) 1
) . Time Frame
Production Line v Minutes, second
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02: iStarch project: industry 4.0 automation system

: : Cyber physical systems
QLIOIMAUAIIENCHY (CPS) based automation

Industry 4.0

Enterprise resource
planning level

Plant manage-
ment level

Process con-
trol level
Control
LC) level
G? . Real-time
Field critical

level - Smart assets

Current 5-layer architecture Smart manufacturing architecture
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02: iStarch project: industry 4.0 automation system

NAC 2018

Vertical Integration

Horizontal Integration

Control

Unit 1 CPS

Control

Unit 2 CPS

12-13/03/2018

Control

Control

Unit 3 CPS

Page 17

Unit |1 CPS

Energy Management

Production

Information
Management System

Laboratory
Information
Management System

Modeling and Control
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02: iStarch project: Our system architecture design
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‘ FHAS l FIS l FIMS
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02: iStarch project: Our system architecture design

Tapiocatuber Machine Cyber'phySl cal System

Dry Sieve

g

Tapioca tuber
Water recycled Washer
Clean tapioca tuber
Chopper
Tapioca chopped
Water recycled Rasper

Pieces of Tapioca

PIMS PIMS

EMS

Control

m
<
wn

Sulfur water Extractor Residueof starch
Starch water
Water Separator Wastewater
Pulp of starch
Dewatering Water
Moigt. Starch
Flash dryer

Fue

Air—{ Air Heater Hotay

Control
Starch + Hot air

Hot cyclone Hot air Math

Sach T Ai Math
arch+ Air
model model
Cool cyclone Cool blower Air
Starch
Separator Unit Extractor Unit
CPS CPS
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02: iStarch project: CPS design

Cyber-Physical Stack Property in Flash Dryer Unit

| Energy Management Sarvice (EMS) | The structure of information model of flash dryer unit is

Include: = Energy per kilogram shown in this picture.
= Energy quality control of flash dryer unit

| Production Information Management Service (PIMS) |

: Flash dryer unit information model developed based on
Include: =Yield

* Utilization Microsoft NET framework using OPC UA base object
= Capacity

" Quality control of starch moisture types, variable types and reference types.
aboratory Information Management Service (LIMS) |

-

Include: = Percent of starch moistureiinlet ) . . o
= Percent of starch moisture outlet ®  Services of machine CPS is consisting of EMS, PIMS,

Control | Control Function | LIMS, Control function, Mathematical Model.

Include: =PID control of starch outlet
 Auto/Manual State
* Process variable, Set-point, Controller output
* Gain parameter: KP,Kl, KD
= Temperaturemeasurement: input, output
= Qutput starchfeedin: adjust a speed conveyer

Mathematic Moddls |

Include: w|nput parameters
- Starch feed rate F O UJ N D AT | 0 N
* Starch moisture inlet
* Air temperatureinlet
= Qutput parameters
» Starch moisture outlet
* Air humidity outlet
* Air temperatureoutlet
= | ntelligent function
* Moisture estimation

pkinendeinalulagns:auindsuys
NAC 2018 12-13/03/2018 Page 20 King Mongkut's University of Technology Thonburi



02: iStarch project: CPS design

Starch Moisture. _ Starch Moisturg.

Starch Feed Rate. | Flash Dryer | Air Humidity.

v

Air Temp. ~ Model Air Temp.

A
v

starch moisture estimation

PIMS

m
I :
(0]

Control

Math
model

Flash Dryer Unit
CPS
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02: iStarch project: CPS design

Plant CPS Machine CPS
=-J§ Obiects :--'P. RashDryer :'-'P._ Control :‘". MathModel &
r-fll Server | eIl EMS L -1 Mic1oT \ - Input parameters
L Starchfactoy || -l Energy per Ko Ml - B StatePID_AutoMode ; ) Sarchfeedrate et
- EMS ! «-Jll OC of Energy . E (PV)_Measurement : [ Starch moisutre inlet S
-1 MP | & PiMs . B (€0)_ControlOutput ! [ Artemperature inlet ME,
w1 PIMS : - Yeld I B (5P)_SetPoint \ - Output parameters
< P! 5 &M Ukization i -l PID_Gain | B Starch moisture outlet
- HM || o Capacty | B | Airhumidey oute
- CassavaRoot | | w-J QC of Starch moisture | B K : ) Artemperature outlet
e-l RootDySeve |1 | -M LIMS ; -~ « t -1l inteligent function
-l RootWasher || - Starch moisture inlet | =@ Method-Set_GainPID | -l Moisture estimation
. RootChopper E 5l Starch moisture outlet i L8 InputArguments E I B Starch moisture in
1 o[ Control}:--nmmmmeeaand -4 Method-Start_Controller R Starch moisture out
N B T E——— : [ InputArguments !
: {4 Method-Stop_Controller |
E . = B State_PlantSimulation_(Sm PV) !
e 0 s i o/ S N e o e e e '

® Plant CPS and machine CPS were designed by OPC-UA and develop by .NET framework.
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02: iStarch project: CPS design
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. 02:iStarch project: infomation services
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02: iStarch proiect: infomation services
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' 02: iStarch project: Production monitoring
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02: iStarch project: Production reports
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02: iStarch project : Web HMI
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02: iStarch project:

Laboratory information management
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02: iStarch project: Hardware implementations
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03: Future works



03: iStarch project: Future works
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