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Introduction

« Over the last decade, with the advent of promising tools such as enterprise systems,
manufacturing systems have evolved to improve productivity and quality.

« Until now, to enhance productivity and quality, the complicated process management
has been performed through application programs such as Enterprise Resource
Planning (ERP) and Manufacturing Execution System (MES).

A new paradigm on manufacturing industry is emerging. This new paradigm, called
“Smart Factory”, can be realized by introducing smart functions and
technologies.



Introduction

Architectures related to Smart Factory implementation, e.g. NIST, [IRA, RAMI, has
already been established, and there is no significant technical or structural
difference between these architectures. (Adolphs 2015, Lu 2016)

These architectures describe definitions of communication methods and services

provided from Level O (Physical Process) to Level 4 (Business Logistic Systems)
of ANSI/ISA 95.

NIST, Standards Landscape for  |IC, Industrial Internet Reference Architecture
Smart Manufacturing Systems Reference Architecture (IIRA 1.8) Model Industry(RAMI) 4.0



Introduction

« Even though these architecture suggest nice reference architecture of the final
state of smart manufacturing systems, it is not easy to go to the final state.

 There is not a certain application process, to be applied to factories
having different technology levels. (The different technology levels
represent a factories may or may not have MES and/or ERP.)

« This study shows the ways of going to smart factory based on Smart
Service System from existing conventional factories which have
different technology levels.
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Definition of Factory

Cheol Young Park, Kathryn Blackmond Laskey, Shelly Salim, Joong Yoon Lee, Predictive Situation Awareness Model for Smart Manufacturing, Fusion 2017

General manufacturing description

« Manufacturing is the process of transforming (raw)
materials into products based on the manufacturing
requirements.

» Factory(Manufacturing plant) transform materials
into products that address manufacturing
requirements.

 The measure of effectiveness(MOE) of
factory(manufacturing plant) is product quality,

manufacturing speed(time) and manufacturing cost.

 These MOEs of manufacturing plant is determined
mainly by manufacturing factors of 4M+1E.

Manufacturing Requirements

Raw materials
Components
Other resources

Manufacturing

Function Products

Factory(Manufacturing Plant)
(4AM+1E)

MOE of Manufacturing plant is
Quality, Time, Cost

Manufacturing factors: 4M + 1E [Suk-Keun Cha 2009]
(Man, Machine, Material, Method, Environment)



Definition of Smart Factory

Cheol Young Park, Kathryn Blackmond Laskey, Shelly Salim, Joong Yoon Lee, Predictive Situation Awareness Model for Smart Manufacturing, Fusion 2017

We define the smart factory as a factory having smart functions
based on smart technology to enhance the MOEs of the factory.

Smart Factory

Conventional factory —*

Manufacturing function

DATA —Smart~—

Smart Service System —

Service

Smart function

l enable

Smart Technologies

enhance >

MOEs of Manufacturing plant is
* Cost,

* Time,

e Quality




Smart Service System-based Smart Factory %

Cheol Young Park, Kathryn Blackmond Laskey, Shelly Salim, Joong Yoon Lee, Predictive Situation Awareness Model for Smart Manufacturing, Fusion 2017

 We developed Smart Service System concepts as an additional system
performing autonomous OODA (Observe-Orient-Decide-Act) loop
functions, satisfying all the prerequisite smart functions of Smart Service

Systems with smart technologies (Park 2017).

Smart Technologies
loT Cloud Cyber System Al Cloud
C(I)t:jsletrye > dOrlen.t Decide »  Act
(Cloud listening) (data organize) Enhance
Automatic Data Automatic Automatic Decision Automatic
ETL Organization Making Feedback Control
Smart Functions (Autonomous OODA Loop functions)

Smart Service System

OODA loop: Boyd, J.R. (1976) COL USAF, Destruction and Creation, in R. Coram. Boyd New York, Little, Brown & Co, 2002

MoEs of existing factory
*Quality,

*Time,

*Cost
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Example concept of smart steel milling factory

Smart Factory

Manufacturing Plant (e.g. steel milling factory)
» @m’ i"'li A] lf --:;::g:' S ¢
Reheating furnace (R> ROU%EK}S mill > Fm's(r;:':/l% mill > Cﬁgﬁienlgr(icgg) > Hot leveler (H9 Fsr’?edel:cl?ﬁate)

Slab
| loT
ren
Tech. |
| Clpud CPS Al Cloug
v
Obs.erv.e 7 Orlen.t ————* Decide [+ Act Enhance the
(Cloud listening) (data organize) )
Autonomous data Autonomous data Autonomous Autonomous MOES( Quality,
. o . Time, Cost) of
gathering organization decision feedback control Plant
Smart Functions (Autonomous OODA Loop functions)




Smart Service System-based Smart Factory %

A Smart System could be developed based on a combination

Smart system
of “Smart Service Systems” and “Existing Systems”.

 In order to minimize the change of existing systems, the Existing system
Smart Service Systems can be mounted on the Existing = data %
Systems through the interface.

Smart service
 Inthis case, the performance of Smart Service Systems system

depend on the followings;
— Right data inputs from the existing system(Observe)
— Right smart functions perform (Orient, Decision and Act)
— Right outputs(recommended actions) send to the existing system

* The l/O of Smart Service System with Existing Systems is data and recommended actions.
 Where is data within an existing factory”? And where the output should go?

10



Smart Service System-based Smart Factory =

Data of factory.

« The data of factories may come
from Level O (Physical Process)

to Level 4 (Business Logistic
Systems) of ANSI/ISA 95.

System hierarchy

« Sol: The Smart Service System.

« Context: The Smart Factory
« Key Ext. System: Existing Plant

As-Is

To-Be

Smart System (Smart Factory)

Analysis (Business)

Goal

Factory
Manufacturing System Manufacturing System
Lv. 4 ERP Lv. 4 ERP
fBusiness *Function fBusiness ‘Function
MES(manufacturing MES(manufacturing
Lv. 3 - Lv. 3 -
execution system) execution system)
$Monitoring ¥ Function $Monitoring §Function
Lv. 2 Control Systems Lv. 2 Control Systems
4Data ¥ Function 4 Data ¥ Function
Lv. 1 Lv. 1
Instrumentat Devi Instrumentat Devi
T evices — evices
Lv. 0 Lv. 0

Results

Recommended
‘Actions

User Interface

Smart Service System

Sol

Observe Orient

Decide Act

Machine Interface

Machine Data

11
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Development Concepts — Project Summary-#

« Mission: Develop Smart Service System applicable for existing factories which may have
different technoloqgy levels.

+ Key requirements:
— Smart Service System should have minimal impact on the current manufacturing operation.
= St.1 Service shall be done after validate the performance of Smart Service System
-- Off-line validation and on-line service
— Smart Service System should have the function of identifying right data.
= St.2 Service for domain implementer to identify right data shall develop

-- Using parameter model of the factory to identify right data.
— Smart Service System should have reusability.

= St.3 Develop Smart Service System as a component of smart factory.

13



Development Strategy - Off-line validation an(f\
on-line service

S

* Implementation strategy of Smart Factory is to do on-line service after
off-line validation of Smart Service System.

— ltis very important to minimize the impact of existing factory operations.

— To accomplish this, the smart service system is developed and verified by
using the data accumulated in the existing factory and installed in the existing
factory.

Observe Orient Decide Act Smart system
m Off-line development and verification Smart service preparation and Smart service
e of Smart Service System iterative verification system
Off-line validation using actual system Cielel el Virtual Isystem
On-line service service Existing system

14



Development Strategy — Identify right data~*

« Using parameter model of the factory to identify right data.

— Now a days in Korea, there are many attempts to develop smart factories but there are not
many practically effective examples. | think this is the result of the difficulties to identify
and using data related closely to factory MOEs among the huge number of factory data.

— During performing the OODA function, it is important to identify and utilize data related to
the factory's MOE. So, the domain specialist who implement the Smart Service
System(hereafter domain implementer) have to identify the product and facility parameters
which are related to factory MOEs. To do this, the Smart Service System should have the
function of making a parameter model using block diagram.

l Global Facility Parameters (X)

F(S, X) = Y(MOEs)

Input Product
Parameters (S)

Virtual Factory

o
>

Process #1

)

utput Produ1t
Parameters

Final Product

Process #2

utput Produgt
Parameters

(S)

Parameters (Y)

Process #3 YoFG X

Process Facility
Parameters (X)

Process Facility
Parameters (X)

Process Facility
Parameters (X)
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Development Methods —
Using architecture framework

Development methods is using the product of architecture
framework(DoDAF of UAF) selectively to develop operational

requirements, system requirements and technology requirements.

— We developed Operational Models, System Models, and Tehcnology Standard
Models for the Smart Service System.

Operation Models

OV-5b: Operational
Activity Model

Activity Model
|

Operational rule

Op. Performer(Org.) Model

System Models

SV-5a Operational
Activity to Systems
Function Traceability

SV-4 Systems Functionality Description

StdV-1 Standards Profile

Functional Model

Physical Model

Matrix

SV-1 Systems Interface Description

Technology Std.

Standard Models

16


http://dodcio.defense.gov/Library/DoDArchitectureFramework/dodaf20_ov5ab.aspx
http://dodcio.defense.gov/Library/DoDArchitectureFramework/dodaf20_sv5a.aspx
http://dodcio.defense.gov/Library/DoDArchitectureFramework/dodaf20_sv4.aspx
http://dodcio.defense.gov/Library/DoDArchitectureFramework/dodaf20_stdv1.aspx

Development Concepts

Operational Concept : Domain Implementer and Field Operator perform OODA
process using Smart Service System.

 Domain Implementers could create a parameter model for
an operation of initial Smart Service System. In this process,

Select
[atabase

HH

set the analysis goals (Cost, Time, and Quality).
« Smart Service System performs the OODA loop according |

to Domain Implementers’ setting basis. Smart Service smartService SR
System could handle data from the machines, and show Sol - | :

results through the user interface or ERP systems.

« Field Operators could check the analysis results through the

user interface and apply re-analysis of the results, or perform A\
feedback control to machines.

- Existing facilities: Smart Service Systems could request or _ “,,.,_.
automatically collect existing system’s data for analysis. F

they could select appropriate analysis module and could ,‘ “ |_JE

gram  Database Comecton
naion,” Page | informad

g
iy

wprdintho

w7



Development Concepts

« Operational Activity Model(OV-5)

Select Write
Create Select /0 equipment analysis .
parameter variables  variables Select formulaif Define Request
model  Select inthe in the analysisnecessary analysis anaclll sis
Login  diagram Database diagram  diagram engine or adjust objectives analy
® = | ) B ) ) R = ) Save
@ Domain Implementer - Facwery | ] Verabiooln | Varbiown | . Engine | . Foma | | Obleciis | -Request - - - -maehing-------------—-——-J- - - -~ ;
agram | the Diagram ‘the Diagram | :
) | J - T | accumulated dataon| Return  Apply |
! ; # 2 ' il machine internal | analysis feedback l
y6on Page "J"‘“é}:ﬂmwi r?mﬁ?}m/ﬂﬁ';‘* i Vit Vs Ergines| SeecedErgre. fFormun i mae] data DB results  control
‘Show Login ni;éw: ® SetVirual Sot External o an Apply Ap;ly ] 1 Ai-.:.iry_ B F Apnllpt 5 Request Save " Retun | " Apply :
. board Faciony Database External Equipment Anakysis Farmula on | Analysia Analysis Accumulated Machine Analysis Feedback ¥
S I Smart Serwce | { Oblects | am Varlables } J WH Lo Modwl | &:awmw_, . FRequest | 4 uanclrgne d E.::'r:u" I .{ Rndj e omj o .r;'
O Sy tem ) T I m‘:m“ /|‘| —e :
T .-'; L _". - \\ :
i Observe brlent Jr 8 IP@ead%m: Act |
| L ot Legin Page 4 _.;' . v \\ :
® : Buery :l.-;uu_ll Ili=|.u!sL=|J UssrLogin I ;ﬁ- 3 “Dacde | |
4\ Field Operator ! 1/ + F ‘f il [ ooz, :
' Saneigeogin Check  Decide : |
| L ' analysis  applying e
= S Send s | Send results feedback | e feedback
isti e | - S e U | e | cootrdl
Existing Factory - -machine machine i
(ERP/MES/Machine) DB ) data | order
Smart service preparation and iterative verification service
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SV-5a Operational Activity to Systems Function Traceability Matrix @

Operational Activities] Op.1| Op.2| Op.3| Op.4| Op.5| Op.6| Op.7| Op.8| Op.9| Op.10] Op.11] Op.12] Op.13| Op.1 1%
Set Vi Show E | Show Sho Apply | Apply | Apply Acc Requ |Save M| Retu [Apply .
Show L| Sho trual | SetExt| xternal| Equip | w An | Analy | Formu | Analysi| ept est Acc | achine | mA | Feed | %
ogin w Da Fact | ernal | Datab | ment | alysi | SiSE | laon |s ije Anal |umulat |Data on r_lalys back

shboa | ory O | Datab | ase V | Varia s En ngine | Model | ctiveo | ysis |ed Mac | Internal | is R Contr
rd bject | ase ariable | bles gine | on M n Mod | Req |hine Da|Databa | esult ol

Systems Functions s s odel el | uest |ta se s

Func.1 |Show Login o

Func.2 |Process Login d

Func.3 |Check Account ° 1

Func.4 |Create Session ° SySte m fu n Ctl 0 n S a re

Func.5 |Show Dashboard Page C =

Func.6 |Accept Virtual Factory Data ° d efl n ed based on

Func.7 |Show Database Page - . .

Func.8 |Check Database Connection ® O pe ratl O n a I req u | I"e m e ntS .

Func.9 |Check Machine Connection ®

Func.10 |Send Machine Status ®

Func.11 |Request Machine Data ®

Func.12 |Select Database Variables ® b

Func.13 [Show Variables e e

Func.14 [Receive Machine Data o ° ° °

Func.15 [Save Data - 2 ° ° hd

Func.16 |Create Parameter Model ® ®

Func.17 [Show Analysis Engine °

Func.18 |Apply Formula on Model °

Func.19 |Apply Analysis Objective on Model °

Func.20 |Request Accumulated Machine Data °

Func.21 [Join Data with Relationship b

Func.22 |Separate Data with Parameter Model °

Func.23 |Create Scheme hd

Func.24 [Create Table °

Func.25 |Convert Machine Data with New Scheme bt

Func.26 (Train the Model °

Func.27 |Load Data hd hd

Func.28 |Return Analysis Results °

Func.29 |Apply Feedback Control P

Func.30 |Setting Interface :




Development Concepts  sv developed based on OV */+%”

 The Functional Model is divided into functional units that are implemented
in the actual system to realize the Operational Model.

Domain Implementer
’.\ (or Consultant) SV—4 Syst

<

Smart Service PN cEr e | o
System (SOI) o

~

Existing Factory | | i =
(ERP/MES/Machine) 1 | ol ' - ' T |
4\ Field Operator ) J

‘ 20




Development Concepts

» System structure concept
— System Context: Smart Factory

— Interacting external systems:
existing factories which may have
different technology levels.

— Sol : Smart Service System

* |nterfaces,

« Application: divide OODA functions and
analysis engine to use Al models
S?Iectively according to the characteristics
of data

- DB.

Smart Factory

Smart Service System

Manufacturing Plant

—| Machine Interface

————

ERP(L4)

— OODA application

MES(L3)

—{ Analysis engine

Ctrl System(L2) |—

—| DB

Device PLC(L1) |—

—| User Interface

Domain user —

21



Smart Service System-based Smart Factory

The components of Smart Service System.

—User Interface:
—Machine Interface:
—OODA Applications:

» The application perform the OODA loop function and it must be able
to interface with internal components such as Internal Database and
Analysis Engine to execute it. At Orient stage, appropriate
Analysis Engines should be recognized and customize the data
according to the selected engine.

—Analysis Engine:
« Analysis Engine is configured to be equipped with various machine

learning engines(e.g. Multi-Entity Bayesian Network (MEBN) and
Deep Neural Network (DNN) etc.).

—Internal Database:

Machine
Data

Goal

Business

Sol Smart Service System
Selected Data Observe _

(Cloud listening)

Listening Signal
A 4 A 4
Internal | 5 Orleht
OrganizedlD'efa (Automatic data
Database | organization)

Organized Data Organized Data

\ 4

«Reauest Decide
Ana'}lSiS (Automatic Decision <
Engine Result: Making)
Analysis
{ Result
DAppIication
Act

Analysis

results

(Automatic Feedback
Control)

Recommend
Actions

eq

aoeI8)U| suIyoR\

Smart Functions
(Autonomous OODA
Loop functions)

n
»
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Smart Service System-based Smart Factory

SV-1 Systems Interface Description o, c.-

Sol

Selected Data

Smart Service System

\ 4

Internal
Database

Organized Data

y

Analysis
Engine

DAppIication

o=

Machine
Observe «]Data
(Cloud listening) Business
aoal
Listening Signal _
A\ 4 o
Original Data | Orient
rrganized Dat (Automatic data organization)
Organized Data
\ 4
—Ragquest | .
Decide <
Resylt N (Automatic Decision Making)
Analysis
Result .
y ~esu Analysis
Act resois
) Recommended
(Automatic Feedback Control) Actions,

Smart Functions

(Autonomous OODA Loop functions)

aoeI8)uU| BuIYoe\

0)

A

ANSINSA

- User

View
Service

Machine

A 4

1

ERP
I Ul —I App. Logic I
I
- Datal/O DB |

Ll Data I/0

MES(manufacturing execution
system)

ul —  App. Logic

- DB

I

_Data

n
»

Recpmme
Actigns

Control Systems

n

ul —1  App. Logic
|
Device I/O DB
: 4 AL, N
JUd \
Instruménta®on \ Devices
PLC > PLC
(Programmable Logic Controller) - (Progiammable Logic
2 Vv L
SenSOrS Motor, Roller, Heater

\ Vo
N Ay | L | - ! /i
A \ 1'!-‘- . .'.'_ .__.'

95 Level Definitions

Level 4 —
Business logistics systems

Defines the business-related activities
needed to manage a manufacturing
organization

Level 3 — Manufacturing
operations systems

Defines the activities of the work flow to
produce the desired endproducts

Level 2 — Control
systems

Defines the activities of monitoring
and controlling the physical processes

Level T — Intelligent
devices

Level 0 —
The physical process
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Development Concepts Stdv-1 V%

« For actual implementation, the applicable technology standards of each
functions are listed as a Technology Standard Model.

Function Name

Group Function (Service Area) Title of Standard
. _ Func.1  Show Login [Client Programming Languages]
Cl?ent Programm'”g Languages Func4  Create Session * Function: JavaScript (ECMA-262
User Interface Client Logic Processing § Func5 Show Dashboard Page ECMAScript 2017)
Chart Libraries S Funcé  Accept Virtual Factory Data « Structure: HTMLS (WHATWG)
€ Func.7 Show Database Page * Design: CSS (RFC1328 text/css)
5 Func.13 Show Variables [Client Logic Processing]
Internal Database Database Management & Func.17 Show Analysis Engine + React, Vue.js, Angular.js
Database Connection [Chart Libraries]

A2 IREINATERES REE * Chart.js, D3.js, or Google Charts

Func.3 Check Account

Client-Server Connection Language Check Database

Client-Server Interface Client-Server Connection Methods Func.8

Connection [Database Management]
Server Programming Languages ® Func.12 Save Database Variables < Relational Database Management
8 Func.15 Save Data System
: : . £ Func21 Join Data with Relationship « NoSQL
Analysis Logic Analysis Methods a Funcop Separate Data with ° [Database Connection]
Application g """ parameter Model - JDBC (Java Database
& Func.23 Create Scheme Connectivity)
£ Func24 Create Table + ODBC (Open Database

Machine to Computer Connection Methods

Machine Interface

Convert Machine Data with Connectivity)
New Scheme
Func.27 Load Data

Func.25



Implementation
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Application target - Thick steel plate mill plants™##

« POSCO has 18 main facilities for producing steel products. (POSCO, 2014).

« On steel manufacturing plants, energy consumption costs are the highest (Szemmelveisz
2014).

« Smart Service System Application Factory: Thick steel plate mill plant

« Smart Service System Application Purpose: As for the business goals of the manufacturing
industry (cost, time, and quality), we aimed to estimate energy cost and quality using smart
service system as a first step.

Thick steel plate mill plant

eler

@




Implementation process

« Off-line development Real
— Select implementation technology Factory

MES Data
— Develop prototype of Smart Service ------------ -~ -~~~ -} ———————— -
System Virtual Simulator have total data

Factory
(Simulator)

of real factory

« Verify using existing data of the thick
steel plate mill plant

— Domain implementer develop
‘Parameter Model’

— Get the existing data of the selected
parameters

— Verify the performance of smart
service

Smart Service System

Parameter Get Data Analysis
Model y

< o

www.incose.org/symp2018 27




Implementation — Develop prototype

« Select implementation technology

Technology Items

Selected Technology

Client Programming Languages

JavaScript, HTML5, CSS

Client Logic Processing

React.js

Chart Libraries

D3.js

Database Management

MS-SQL (RDBMS)

Database Connection

Python DB-API (PEP-249)

Server-Client Connection Language

JSON (ECMA-262)

Server-Client Connection Methods

Socket.io

Server Programming Languages

Python

Analysis Methods

Multi-Entity Bayesian Network
(MEBN)

Machine to Cloud(M2C) Connection M
ethods

N/A (Data security policy)

* Develop prototype of
Smart Service System

Prototype Smart Service System

MEBN module was provided by SE/OR Lab. Of GMU

Thank your for your support!

Prof. Kathryn Blackmond Laskey (GMU)
Dr. Cheol Young Park (GMU)

Shou Matsumoto (GMU)

Aakarshika Priydarshi (GMU)
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Implementation - Verification

The Domain Implementer developed a parameter

model by identifying process and product parameters

that affect the energy cost of process and quality of
product. (In this process, we could not study the

parameters of the “@ accelerated cooling process”
due to security problems.)

Slab

=

State

X11s
X12s

X13,

X210
X22,

X23,

X31
X32

X33,

X41,
X42,

X43,

X51,
X52,

X53,

Py

RF

So

=

State S4

P,

RM

=

State S,

P,

FM

=

State Ss

AC

HL

Product

State Ss

So1,
So02,

So3,

S11,
S12,

S13,

S21,
S22

S23,

S31,
S32,

S33,

S5,
S52,

Ss3,

Furnace

Thick steel plate mill plant Data

Reheating Furnace
Roughing Mill(RM)
Finishing Mill(FM)
Accelerated Cooling
Hot Leveler

@
@
®
@

©

User Interface admi

Implemented Parameter Model of

Thick steel plate mill plant

Dashbaa

rd




Implementation - Verification

- Estimation of energy cost: Estimation of energy cost can be estimated
by dividing each process. The number of parameters directly related to
energy cost is relatively small (about 10), so we developed a cost
estimation model through statistical analysis and used it to estimate
the energy cost.

* Quality estimation: The 163 parameters was reflected in the parameter
model, it was difficult to exclude items not related to quality. Therefore,
quality estimation is beyond the scope of statistical analysis, so we used
machine learning through Multi-Entity Bayesian Network (MEBN) to
estimate quality.

Smart Service System

obsene onem
Parameter Model Get Data




Implementation - Verification

« The data corresponding to the identified parameters were collected and used for

analysis and machine learning & inference.
— Gathered data: 4 months(2017.2~5) manufacturing data (306,265 Row for 24,420 Slab.)

— Data used to estimate Energy(gas) cost : 3 month data(250,000 Row for ~20,000 Slab)
was used for model development, 1 month data(50,000 Row for ~4,000 Slab) was used for
verification

— Data used to estimate Quality : 163 parameter & 5 defect code of 12,760 slab was used
for machine learning and 100 slab data was used for verification.

(Very small data was used because of running speed of MEBN module)

Smart Service System

omserve | orent

Parameter Model Get Data

www.incose.org/symp2018 33




5 x

Verification results — Estimation accuracy “*#

« (Cost estimation accuracy is satisfied.

Cost Quality

* Quality estimation accuracy is not satisfied.

o — Does not include cooling process data.
98.6% — The number of learning data(12,760 slabs) is

small because the MEBN module running

speed is low.
3, 250000000 R% = 0,9862.’,¢
©
-o R - - -
3 § 200000000 o Quality Estimation Accuracy ® Correct
s ‘9 150000000 ’ s @ Fault
® 3 :
()
S g) 100000000 2 1 o0 0000 eo000
£ ' 0,5
\Z_, 50000000 .
0
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
O i T T T TAANANANNOOOOOTTITITITITODOODON OOCOOONMNNMNMNDNDNOGDONOOMWONWOOODO D
0 100000000 200000000 300000000
Estimated (Nm”3*1000/day) 32




Conclusion and Future Works
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Conclusion

* This paper presented the concept of developing the
Smart Factory based on Smart Service System. :
Smart Service

— For various technology levels of the existing factory System
With minimize impact on current operation Validate

T

|
Virtual Factory

Concept 4SF

~ System design using AF

> Prototype

Smart System (Smart Factory)
Manufacturing System ‘ Smart Factory . . 1T A O
! ] % ConceiDE e - 1
ce System ‘ ManufacturingPlant | @ | e = ——

-{ MES(L3) f——

= fon (Ecma.zszy
ho 8 1 R L
o P E ‘ -{ Ctrl System(L2) }-—
Multi-Entity Bayesian Netwark ™
MEEN)
JConnectionM |y Data security policy

-

Device PLC(L1) f—

Technology Hems Selected n
Client Programming Languages '.'.I'nl‘:'c' pl, MTMLS, C55
Clent Loghc rocessing nescts HE | e = | = =
cratL (ot rface -r- ERP(L4) »— = e A e i T B —
5 Q 1 e el | ==
pyffon DB-API (PEP-248) . % 5 : o

Identlfy ri

=| = 1

ight data

using parameter model
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Future work — Near term

Real Factory

=

Hot Leveler @

@ 1 ;]Eﬂ*;;j e

Accelerated Cooling

Finishing Mill (FRa) I

R/

Roughing Mill [RMM) I

Overcome limitations & prove the performance

Smart Service System

_ Observe | Orient

Parameter Model Get Data

Enhance MEBN

Extend the parameter model and Develop Quality/Cost module running
acquire full data Optimization Model
9 P speed
- b ! Analysis Module | )
‘ . 5 s 5 5 ‘ Quality/Cost Optimization ]|
Slab :F :M FPM :C i"- Product MOdel (M EBN) State Sk—1 . = State Sk
Statg So State S; State S, State S State S, Stalte Ss k —
MEBN Quality w8 = Dk Ise)
Cost - -
) ) estimation N N
est|mat|0n State Conditional Statistic Model
model IUIIE%?\I] D(Xer, Xuor Xk ISkt 12 Skt 20 Sker 3077
(Statistical) ( ) )

www.incose.org/symp2018
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Future work — Long term

Smart Service System 1

Virtual Factory 1

£ ===

e, S T — b —

R = e :‘_i‘_li <Y e ] ——m

"—

( )

i Leveler @

Accelerated Cooling
% Finishing Mill {FM) |

Roughing Mill [RM) |

. y,
Thick steel plate mill plant
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