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Introduction

O MES’s roles in making productions

Corporation ERP »| * Product planning
Level (Enterprise Resource Planning) * Product development
= Manufacturing
= Sales and marketing
Production planning, Production run reporting or completion
Scheduling
Factory > . MES . » = Shop-floor scheduling
Level (Manufacturing Execution System) = Operation instruction
= Quality control
7y = Tracking Machines
Operation instructions Actual process conditions,
Process set-points, Completion of process steps and operations,
v
Shop floor

www.incose.org/symp2016
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Introduction

e

= MES only shows collected data to user

e

26 | NCOsE

» MES can not command and control the shop-floor autonomously Edinburgh, UK

= MES cannot deal with shop-floor situation in real-time

July 18 - 21, 2016

Industry 4.0

= Cyber Physical System HH

= Internet of Things

NN L

— -
N~ =

Smart-MES

Systems Engineering

= System Lifecycle
= Systematic process

-

» Proposing a conceptual Smart-MES as an active shop floor problem-solver
= Developing a pilot system for quality management in steel making area

www.incose.org/symp2016



Industry 4.0 S

{vllg o
d Industry 4.0 & ..ggy';?
= A strategic initiative of German government 2@ " INCOSE
= A part of the “High-Tech Strategy 2020 Action plan” Edinburgh, UK

July 18 - 21, 2016

O Industry 4.0 and 4" Industrial Revolution

=
? =
. S BN
lst 2nd 3rd 4th
Mechanization Electricity Information Technology IoT, CPS

d CPS and loT

- D O DO OO D
S RS CESET oSS WY Somese  warer TTEEERT meter  Snoiy
§_ = Making Flexible Manufacturing
= Virtual Network Environment
er sical stem
Icyb i ==t = Supporting tightly controlled

and on-demand services

Internet of Thing

>
=
=
s
=

HVAC nage S=
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Systems Engineering

d Smart MES and SE
=  Supporting systematic development process
=  Organizing various requirement from stakeholders and reflecting them into system cofrflguggyK

tion

(1 SE technical process of system of interest and its life cycle
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=  Focusing on data flow and control between legacy MES and shop floor

www.incose.org/symp2016

Interview

O In order to identify problems of legacy MES

Car door making

Refractory making

MES

v

v

Workers

Operators

Field investigation

¥

Discussion

¥

Problems
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Architecture for Smart-MES

J Architecture for Smart-MES

e
e
vy

INCOSE

=  Consisting of six main components 26
. . . . i , UK
= Enterprise-Smart MES interface, Smart-MES function module, Data analysis platform, shop flﬁﬁﬂPrﬁSﬁ{‘?m
art MES interface, Device Middleware, and Web application interface
Enterprise system I
[ ERP | [ scmM | [ CRM | ]
e
- T T T _ = = = = = = = = - - = L - — SmartMES. | T
V. " Enterprise— Smart MES interface | ~
' p— —— 3
1 Smart MES function module i .
1 ) [T [EE Memameare N e
1 [ Performance ] [Resource Socation %
1 Analysis & Status management < n
' JN]] == =
1 DB Data analysis platform = n .
1 — —, [Visualization g 1
1 1
o oor — mar Analysis Data'
\\ E>| Shep interf:ce £ MES I;\fl‘i:izzlr AE:aglly:: 7
S o ) e =———_——p—=
L
_Ethernet 5
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Architecture for Smart-MES

;_‘\:\‘r’]j “57‘] = -
SR Y

O Enterprise-Smart MES interface N\ T/
= Playing a role as an adapter between enterprise system and Smart-MES 26 INCOSE
Edinburgh, UK

d Shop floor-Smart MES interface July 18-21,2016
= Transforming different data type of shop floor into data type of smart-MES
J Device Middleware
= Supporting s various shop floor communication protocols and delivering data to Smart MES
 Data analysis platform
= Performing data storage, data analysis, data visualization, knowledge extraction, etc.
0 Smart-MES function module
= Using data analysis result to determine actions properly to take in the shop floor
O Web application interface
= Supporting various user device protocol such as smart phone, tablet PC, laptop, etc.

www.incose.org/symp2016



Case study: cold rolling process in steel mil

d Company A

= Integrated steel mill which makes steel and iron product from raw ore and other maﬁlals

th blast furnace, steel converter, continuous casting, rolling mill
O Iron and steel making process

\

. ,/
|NCQSE

Edinburgh, UK

July 18 -

Steel Continuous Roughing mill  Sheet bar shear

Blast

Sheet bar welder

High capacity cooler

Strip shear  Coiler

furnace Converter casting Hot rolling
machine
Cominuous e Temper rofling mill
ling: furnace
,,,,, Recoile:
........ |—| mm |—| oo
. E}Em—.. e WU JL‘.) ® @
Cold rolling

O Sol
=  Quality management of cold rolling process in steel mill
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Case study: cold rolling process in steel mrﬁ\

O A pilot Smart-MES system for quality management as a To-Be model
= Describing a situation that Smart MES is applied
= In comparison with current manufacturing environment

26f‘

INCOSE

Edlnburgh UK

July 1

| AS-IS Process I

Product

§ quality
check

Manual update

. Notification

worker's experience C
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| TO-BE Process I
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1,941 data sets which are generated from quality control stage in cold rolling procgs

In steel m

ing process in s

28 dataAitems

cold rolli

Information concerning product name, product type, product specifications, product conaitio:o

n, defective type, etc.
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Case study: cold rolling process in steel milF.

O Data Mining Algorithm \ 'h;,'(/
=  Establishing classification models by applying separate learning algorithms for 26 | 'NCOsE
training data sets My 10D 2016
= Decision tree, neural network and SVM
v' The most typical mining techniques in Classification forecast domain
= Modeling classification forecast using ECMiner software

v' ECMiner is a big data analysis solution

BEA% 2 x| E7IEmo B2 = -
| 0g Faults_integrated
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= Local i WBitnamiw
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Case study: cold rolling process in steel mi_

O Data Mining Algorithm

INCOSE
= Evaluating performance of classification models such as decision tree, neural net\m and
SVM Edlnburgh UK

= In CART learning model, average rate of classification is 67.54%
= In MLP learning model, average rate of classification is 90.06%
= In SVM learning model, average rate of classification is 98.35%

CART class[ﬁcatlon and re MLP Neural Network SVM
gression Trees
Average r!um!oer of classi 1,311 1,748 1,909
fication
Average ra:ii :f classifica 67.54% 90.06% 98.35%

www.incose.org/symp2016



Case study: cold rolling process in steel mit=s

Ty l D
O Data Mining Modeling \ lw/
= Establishing classification forecast models using SVM 26 | !NCOsE
= Conducting pre-evaluation on each fault type of cold roll T

= Performing integrated analysis to distinguish the fault type of cold roll
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Case study: cold rolling process in steel mifi=s.

trn.rs;

 Data Mining Result

= Row with 0~6: Pastry, Z-Scratch, K-Scratch, Stains, Dirtiness, Bumps, Others

= Column with 0~6: data mining models
= Average number of classification: 1909
= Average rate of classification: 98.35%

W .I%,

26 | INCOSE

Edinburgh, UK

July 18 - 21, 2016
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[BI=] 0 [BI=] 1 [HI=] 2 [oI=] 3
0 158 (100,00 %) ‘ 0(0.00 %) 0(0.00 %) 0(0.00 %)
1 00,00 %) é 190 (100,00 %) l 0(0.00 %) 0(0.00 %)
2 00,00 %) 00,00 %) ﬁ 391 (100,00 %) 0(0.00 %)
3 00,00 %) 00,00 %) 00,00 %) 72 (100,00 %)
4 0¢0,00 %) 00,00 %) 00,00 %) 00,00 %)
5 0(0.00 %) 1(0.25 %) 0(0.00 %) 0(0.00 %)
6 3(0.45 %) 0(0.00 %) 2 (0,30 %) 0(0.00 %)
[0lI=] 4 [ol=] 5 [0I=] 6
0 0(0.00 %) 00,00 %) 0(0.00 %)
1 0(0.00 %) 00,00 %) 0(0.00 %)
2 0(0.00 %) 0(0.00 %) 0(0.00 %)
3 0(0.00 %) 0(0.00 %) 0(0.00 %)
4 55 (100,00 %) 0(0.00 %) 0(0.00 %)
5 0°(0.00 %) 392 (97.51 %) 9(2.24 %)
6 0(0.00 %) TT(253%) 651 (96,73 %)



A prototype system for quality managemenf\

G LI
 Developing Web-based prototype system for quality management using F\Fl //

ysaL 26 . INcost
= Consisting of five main components My 10D 2016
O Conducting quality management service
= Utilizing ECMiner Software as a data mining tool to analyze data

..

MySaL MySaL

«@hes «@bes

Maintenance Resource aliocation Quality management
management & Status

i'i'

Data Sync. App. Collaboration

JSON

Manager Manager
Classification .@
I e result
Raw data Data analysis Event processing

www.incose.org/symp2016



A prototype system for quality managemery

O If the quality fault is related to machine breakdown

TSN )
Y

= Quality management application updates quality issue item list and requests main@fance " <O°F

Edmburgh UK
July 18 - 21, 2016
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A prototype system for quality managemery

O Quality management web page
= Quality issue item list

Quality management application updates fault information autonomously

=  Maintenance request history
When the quality issue is related to facility breakdown, this system notifies problems to maintainer in near real-time

Y/
26 ' /INcost

Edinburgh, UK
July 18 - 21, 2016

WWW.IN

~
Break-down or Quality-related maintenance request history Quality issue item list
Faciity = Note Drawing manual Lot _No I Customer Fault_tipe mt_date Etc Manual
Tandem cold Surface quatity issue Rolling mili(1) problem . 11933305801790819013) Hiyunda: Motors Bumps 2016-07-07 Bumps'
rolling mill(1)| - - < - 19932432704665007503) Doosan Infracore Bumps 3016-07-07 umps
rotas st Surface quality issue Rolling mill(2) problem || Tandem cold rolling mill(2) || Tandem cold rolting miti(2) 11635678219381081804]] Doosan Infracore Bumps 3016-07-07 umps’
= 13598711273935625442]_Dacwoo Marine Environment Bumps 3016-07-07 umps’
Landem cold Surface quality Rolling mill(3) probl Tandem cold rolling mill(3) || Tandem cold rolling mill) o5
rolling mill(3) urface quality issue ling mill(3) problem 1162313436297906429: Ajin Industry Bumps 016-07-07 umps’
m cold Surface quality issue Rolling mill(4) problem Tandem cold rolling mill(4) || Tandem cold rolline mill(4 1265397535297698%: Hyundai Motors Stains 0707 Stans
o Tandem cold rolling mill(4) || Tandem cold rolline mill()
rolling mill(4)) h e L 302569765994178533) Ajin Industry K_Scratch 0707 K_Scratch
o i Surface quality issue Rolling mill(5) problem | Tandem cold rolling millcS) || Tandem cold rolling mill(S) 902516530 Dooem ufiacods E Scuch 0707 K Scraich
=S 2 54399151468- Daewoo Marine Environment Bumps 074 Bumps'
mu‘f:;‘ i) Surface quality issue r“"’“;g","'ff;‘m““" Temper rolling mill(1) Temper rolling mill(1) Hyundai Motors K_Scratch 2016.07 K_Scratch
Pasp— Tender Rolling milid) - - Daewoo Marine Stains 2016-07-¢ Stains’
rotting mitic2) Surface quality issue problem Temper rolling mill2) Temper rolling mill2) Samsung Feavy Industry Bumps 3016 Sumps’
e Surface quality issue Rolling mill(1) problem || Tandem cold rolling mili(1) || Tandem cold rolling mili(1)
Tandem cold
> 2, -4 2 14 2
rolling mill(2) Surface quality issue Rolling mill(2) problem Tandem cold rolling mill Tandem cold rolling mill(
Tandem cold Surface quality issue Rolling mill(3) problem Tandem cold rolling mill(3) || Tandem cold rolling mill(3
rolling mili(3) -
Tandem cold - -

OSE.OrgrSympzZuTo-



A prototype system for quality managem@\
l

O If the quality fault can be solved via parameter adjustment

INCOS“E

= Quality management application updates operatlon parameter value automatlcally26 niemaionalsyrmy

inburgh, UK

MySaL MgSQL -MgSQL
Resource J

aaaaaaaaaa

App. Collaboration
Manager

Raw data

{JSON}

Data analysis Event processing

www.incose.org/symp2016

" Classification e
result

ly 18 - 21, 2016



A prototype system for quality managem@\

O Roll Operation Set-up page

uol INCOSE
= Key configuration settings 26
= Number of roll, roll thickness, roll speed, roll radius, and strip width, and so on JEU‘?;'}Q‘_’;%',‘Q;';

=  QOperation parameters
" Roll force, roll gap, roll speed comes out in cold rolling process

=  Offering the adjustment function dynamically according to the cold roll condition




Conclusion
0 Summary

The necessity for Smart MES by pointing out lack of analysing and
interpreting shop-floor data, and responding shop-floor situation

Proposing an conceptual design of Smart-MES based on systems engineering
Developing A pilot system for quality management in steel making area

J Limitations

= Using 1,941 data sets and SVM to find out cause of problem
= Depending on how much data you have

J Further Research

= In order to apply smart MES technology to real field,
The pilot system needs to be elaborated more and more

www.incose.org/symp2016
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