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| [26-

>

Developing MTConnect Agent / Adapter

DROJECT |

[DOOSAN]

for Fanuc Standard NC [Convergence Tech.]

‘ Intelligent Manufacturing Platform
2014 For ROS and MTConnect

C C

[International Standard]

Digital Tuin [Cybersecurity]
Manufacturing Framework Manufacturing Management System
ISO 23247 based on FOG Computing
INDUSTRY 4.0 ~
O CORE 2018

TECHNOLOGY

[CLOUD Service]

Smart Manufacturing CLOUD Platform [lloT G/W Security]

Based on EDGE computing o loT G/
KISA(Gov. Org.)
@®,_2017
2018 @
3D Dashboard
By Tech Park [3D Dashboard]
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| STRATECGIC (MARKET)

Mazak L&&&sly

/N
o 23247

GROBI SMEC MESA
HYUNDAI y |
er Machine Tool e EDGEXXFOUNDRY
DVMIG MORI | UA Oi/o
| [— Builder Standard OPC umatt
LOKUMA  ruccreman MTonnect
"P NS -
e -
SK telecom - i | NETeD T
nterprise o SRAC &
Solution QuickBooks

@ kt EDGE

ERICSSON Z

w salcy%rcc

Flow BB

5G Multi- elustria
ustri
: vender SANDVIK
- MOXAN\
@ \\‘u Solution rartnersnip Coromant
HUAWE ADZ MOS
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| CROSS INDUSTRY Al PLATFORM

K| Z Are] o}t / Of|LiX| o3/ WA H|Of

YUWi-A H EState Q Hanwha Aerospace
SMEC 1—I

) oot o COSMAXE
mcns

App Store App Store App Store App Store App Store

K-110T CROSS INDUSTRY Al PLATFORM
(28Xl AFL, ELFINOS lloT)

K-Cloud, Edge, 5G
INFRASTRUCTURE
(45 X| 9 £0)
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agpy 1

™ Analytics and data

COMPE TTTION ()

— Current Offering B Connectivity, Deployment, and Security B Management console [ Application enablement functions
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| COMPETITION(2)

ELENEE) A (o)
O

Microservice Architecture

Digital Twinning

Cloud-Edge ML e ClIX| HITEIO| ML 7|5 23t O

Machine Tools CNC X| &

Digital Twinning for Global Manufacturing Platform



| COMPARISON
i8]

A

COST . . - - Initial cost
Effective ADAMOS Sustainabil Ty For deployment
HEEN 0S GOOD 100 USD
’ ’ ’ NORMAL 5K USD

FORCAM VIMANA Doosan FANUC :
IDoo GOOD 1K E
o . )
Hyundai GOOD 1K §
WIA 2
-
AD/ MOS GOOD 500 USD ;g'
FANUC PREDIX SIEMENS & ForcAM BAD ci 3
FIELD MindSphere \_3
O
VIMANA BAD 5K =
| —
OPEN-Innovative §
o
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| CLOBAL MARKETING OCT 2016

STATUS

SANDVIK

e
“ o Iy
\ 2017/2019 YN i F |
‘¥, = FiOw
IMTS2018 Germany CCMT/CIMT JIMTOF2018
United States AMB Chinag®

DOOSAN

Vietnam '

The Mark of Linear Motion
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oALES CHANNEL()

I

FUNFL Z3HOI QEHol
x| x| x| 1/2%t —
MHONQIN| | | TONQIK || TOHUK 2371y || =58

/ T~

-
-
3
*
.

=&}

s

=57t8 20F
=019
Revenue

500MUSD

THOH A K|
ADIEMED 32

IDoo 7|4t ELFINOS
AOEWED Ha AIY CLOUD

ELFiINOS 2to|MIA /
BOX MO AH<F

A|ARAX]/
BOX THOf Al<F

TS 2(7HURE) WA /
17t 2LOIMIA (H))

12421 /20MT 5T /20MT $15/Month
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EA

=5 CHANNEL(2)

SMEC

SMEC SMEC
=3I America VINA

x| x|
WOAK || O Zyely

[N\ /

ELFINOS

THOH Q| KEH SMEC F&

ADEMEZ E2 ADIEME 2] H A CLOUD

ELFiNOS 2fo|MA /
BOX TOf A<F

12421 /20MT $15/Month ”
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CHNOLOGY




RENDS

2 AR N
SAP Leonardo | | EEMELEILIES MindSphere e G

L . - H .
-\- L -bl ("

PREDIX b S T

m """"""" i e w0 (1G]
%) Predix =

F
1O@
~
\_/)
@

Predix-ready
MACHINES

and indutnd devices

AP Leonardo || SAP Leonardo
nternet of Maching

SAP Leonardo SAP Leonardo Thinking anc
he D . F|| kchal her

end-to-end security SAP Cloud Platform
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o AN

DOARD

Process Management

Tool Life Cycle

Machine Tools

Open Mobile Alliance

Mobile Service
Software Management

Sensor loT

PLM

Designing

ERP

Planning

MES

Scheduling

ISO 23247

Digital Twin Manufacturing
Framework

* UNOMIC (Dedicated
Member of Korea)
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MANURAC TURING HRAMEWOIRK

Digital Twin User Entity (DTUE)

User Interface

Digital Twin Core

RAISE

. Virtual Access Peer
m “

Data Collection & Controlling Entity (DCCE)

Data Data Pre- Identification
Collecting Processing

Physical Manufacturing Entity(PME)

Resource-peculiar

Q

4

< ]

= c

g ©

w 5

5 0

S <

[4+] (1]
et

EN S

o

£

Security Support

ISO 23247

Digital Twin
Manufacturing
Framework

(2017-2020)
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DOOSAN

2= MITSUBISHI
@ HEIDENHAIN

80 App
100 OpenAPI

e lagom
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DIGHTA

IWIN MANURAC TURING

DIGITAL TWIN

ol=dl

e L]

lo|E{HO]

o1 T
Ef £

A 2P AF

Asset Administ

<AutomationML/>
ration Shells
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Customer PCi
S/W Agent

— Regional Cloud Cluster

O
O
©

aly Ll

=
s

M

2t
ol |
TIJEN

& A

Sensor Store

PUBLIC CLOUD

Digital Twinning for Global Manufacturing Platform



---------------------------------------------------------------------

* High resolution, high throughput: - ADS9224R: 16 bits, 3 MSPS, low latency: 333 ns
* Two unipolar, fully differential simultaneously sampled channels
* Excellent DC and AC performance:
—16-bit NMC DNL, £2-LSB max INL — 94-dB SNR, -109-dB THD - 88-dB SINAD at 1 MHz
® Feature integration:
— Internal reference and reference buffers
— Internal REFby2 buffer for setting commonmode
— Data averaging
® Enhanced-SPI interface for MCUs and FPGAs: \
— Wide read cycle to read data with MCUs | | Normal:
— Clock re-timer for data transfers with digital isolators | | motor moves with
— DDR modes for FPGAs velocity of 100
— Parallel byte mode for easy interface
* Extended temperature range: -40°C to +125°C

Phase Current 1 - Phase Current 2 = Posibon » Predichon Ermor » Thveshold  Anomaly

Sensor Data Detection Results

Platform

)
S

for Global Manvufactur

inning

tal Tw

i9i




ELFIN-B100

TI AM5749
(ARM CortexA15 1.5GHzX2)
GPU(2XSGX544 3D)
DSP (2XC66x)
IPU1/2 (2 X CortexM4)
4Port 1Gbps
WiFi 2.4/5G
Dual OS (Linux, RTOS)
Deep Learning

DU-LINK100 DU-LINKZ200 DU-LINKZ200A
Dual Board Single Board Single Board
Samsung Exynos 1GHz Telechips 1.2GHz X 2Core Samsung 1.4GHz X 8Core
512MB 1GB 1GB
Broadcom 100Mbps (1Port) 1Gbps (2port)
4Port 100MBps WiFi 2.4/5G WiFi 2.4/5G
WiFi 2.4G BT4.0 BT4.0
14.7X10.8X5cm 24\ DC 24\ DC
10X9X1.8cm 10X9X1.8cm
2014 2016 2018 2020
1st Generation 2nd Generation 3rd Generation 4th Generation
Start lloT G/W BOX Inside 64Bit Architecture Deep Learning
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o TiDevice T | Tool
fr ks

» High Efficiency Inference implementaton
» Push Button PC to Embedded porting » Platiorm Scalable

> High Efficiency implementation

VGG16 ﬁ \

VGG19 SSO OpenVX
Framework
Squeeze \. J
ot Net
(" Caffe-Jacinto - CNN Training ) & & ‘ &) (T Deep
< :rmggcmmax.mm:;m l:> ENet  Google E> Tl Device Translator : Learning
. » ‘?b«quamuatvoﬁamam i © Ne Tool lerary (TlDL)
ELFIN_ E 1 OO o http::/.'Qithub.com.’tidsp/caffe-iacinto e ‘ (format c(;?‘version) ~ =
\_ e TDAX
TI AM6548 P " Path Planning Obect Detection Processof
(ARM CortexA53 1.5GHzx2, | & | Caffe T toch . —— R T e
CotrtexR5FX2) Tensor
GPU PoverVR SGX544 Deep Learning Application Execution
eMMC 4GB
6Port 1Gbps Training Inference
(TSN, EtherCAT, EtherNET/IP)
WiFi 2.4/5G TI AM67xx
Dual OS (Linux, RTOS)
Deep Learning TBD

TUV SUD IEC 61508 SIL(3)

2019 2021

1st Generation 2nd Generation
BASIC Mobile EDGE 9

https://www.youtube.com/watch?v=00T3UIXZztE
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https://www.youtube.com/watch?v=OOT3UIXZztE

CNED

o

CUS TOMER




<|> @ Hanwha Aerospace a

e Target : Machine Tools (+100)

e Site : Korea, Vietnam Factory

e Managing Scheduled Processing

 Analyze Real-time Performance

* Predict Machine Status

e Make implicit knowledge for manufacturing
process to explicit knowledge

Implicit to Explicit Knowledge Technology Advanced Functional Program / Micro Service

Global Standard OPC UA/ MTConnect Cybersecurity

B2B Marketing Global Competition Quality Managing, Long Term Contract

46
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DOOSAN

e Target : OEM(aldoo control) (300K)

¢ Site : Korea, China, German

 Business Partnership Contract (3Years)

e OEM for lloT G/W, Service Platform

e Predict Machine Status

e Make implicit knowledge for manufacturing
process to explicit knowledge

Technology Advanced Cost effective CLOUD service

Global Standard OPC UA/ MTConnect Cybersecurity

B2B Marketing Trust Service for Customer Global Competition Doosan Brand for Smart Factory
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ENEE) CAS

(2)

Before After

Operating Rate I | RN R
Percenta_ge of o
Completion
Leed Time 63 hout i
Defect Ratio
1000 ppm 500 ppm
Customer
Complain Ratio 130 ppm 50 ppm

* Reference by Doosan Machine Tools - aldoo control

DOOSAN
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e Target : OEM(lloT Gateway)

¢ Site : North America (GE)

e Dev. H/'W and S/W for lloT G/W
e OEM for lloT G/W

e Support MTConnect for Water-jet machine
e Support Digital Twin feature

SLENEE AGENT BOXR

Technology Advanced Function Program

Global Standard MTConnect, Digital Twin Cybersecurity Authentication for F/W update

B2B Marketing Integration for customer req. Global Competition Support Digital Twin

49

Digital Twinning for Global Manufacturing Platform



(4) BUKLANG

e Target : Machine Tool for Automotive Parts
e Site : Korea (150 Machine Tools)

e MES Solution for Automotive Parts

e Supplier Quality Requirement by Hyundai
* Diagnostic Runtime processing data

e One Page KPI (Worker, Machine)

SR S — =
______

——
. e \
< Tam

AGEMNT BOX

Processing diagnostic Technology Advanced Microservice

Global Standard Digital Twin Cybersecurity Authentication for Software Module

B2B Marketing

Global Competition Support Digital Twin

50

€
=
(-]
|
nlld
S
C.
o
G
‘-
=
4
(2
G
Slln
=
G
G
=
G
D
L
O
=
O
Gllm
(-
=
[ —
=
S
o=
G
—
-
o




(5) MEFOLER

kt estate

€3 Kepco A|ZHH ZHEx| 9l AH|FEI55 Kkt estate
:

0315 0330 0345 0400 OC&5 0430 0445 0500 0515 0530 0545 0600 065 0630 0645 0700 0765 0730 0745 C800 0815 0830 0845 0900 0915 0930 0945 W0 WI5 W

A w7 2 s sz = ma %5 w1 w5 % s s i w5 =5 w0 w0 W w0 o w0 w0 w0 o 0 33 0. ® Target : ESS Service Provider

TR B B R B R N B B I e e B N B I ' e Site : Korea (17 Buildings)

e Korea Telecom & KEPCO

e ESS RMS(Remote Monitoring System)

* Realtime monitoring and Remote Control
e |loT gateway and CLOUD service for SP

10 :
o_l_l_l_l_l_ i I I I I I I I I I |

0315 03:30 03:45 04:15 04:30 04 45 CS O'C 05 15 CS 30 OS 45 Ob 15 06 30 )7 00 07 15 07 30 C7 45
» Battery System's Charging o Battery System's Discharging Charging (M0}7] -> EHP) e Discharging (ESS -> EHP) e Bypass (20i87] -> EHP)

& konn

L ENEE) cLouD AGENT BOX

Technology Advanced Microservice

Global Standard OPC UA Cybersecurity Private Encoding / Decoding

Global Competition Support Digital Twin

51

€
=
(-]
Gl
4
S
C.
)
G
‘-
=
[ 4
(2
G
Glln
—
G
G
=
‘G
D
S
L
=
(2]
Gl
(-
=
[ —
=
3
=
[
—
-
o




Skilled Labor Shortage
Global Standard

B2B Marketing

OPC UA, ROS, MTConnect

The Mark of Linear Motion

e Target : 3 Factory (100 Machine Tools)

e Site : Korea

e THK Korea (SAMICK THK)
* Autonomous System(Robot, Machine Tool)
e Fanuc Industrial Robot, Doosan MT

e ERP(SAP), MES data sharing

Technology Advanced

Cybersecurity

Global Competition

Autonomous manufacturing (ROS)

Support Digital Twin
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Detection Results

TSN(Ethernet)

Sensor Data

(7)

Local(Ethernet)

FANUC

|
SIEMENS

HEIDENHA




I
Separation of bearing signals I
from discrete frequency noise :
I

I

1 s8.0ms (1/17.2 Hy)

I ® 09 0N 0% 0% 0% moo

Signal

Enhancement of the bearing signals

—— e

Fault identification

Temperatures
Spindle RPM
Spindle power

to input nodes to SVD model

.. Iprocessing

Time delay
parameter model f \
lapat layer Habden layers Outpat layer
4 ‘ » A A P
" ". Input 1 77_,»"’;;/ N7/l N7/ \
WX HOSODO D@2y !
=L@
Heat transfer analytic model
2 ’ L L L (5
AP s % < M N R
R > > . Rt
Y L. = ;o w7
~ N o L Q M
Spindle
condition
mOnllOfan SVD(Smuulnr Value Decomposition)
data extraction module /

Spindle thermal error

JA =2 BM/EE

Ethermet EAME £

| —

SHYOS HE I

20 JMEE A
MES 10Khz
=dAMeE 1600/

Amplitude

Normal spindle

Failure spindle lost6

5000 . : 5000 r :
4000 - [—— o8] 4000 —l
3000 |- é 3000 -
2000 |- g 2000 |-
1000 |- 1000 .

% "0 2 30 4 s 6 70 8 9 100 0w @ 4 s 0 o @ w0 10

Frequency (kHz) Frequency (kHz)
5 5 ‘
) ‘

) 3 !
E o AR RS R R Il it I ESES | g0 I i MR et |"‘ il il kb "I"“'“"H‘”"‘W‘I‘” ‘\ W il
3 '\"IHN‘HH'IH‘ \|w||‘uw|m”m|w \‘”‘\'\""H'H‘l""l‘\‘" i \"IH”l“l\\”‘H“H“\"\"]“"‘\"]'\""\|‘\“ Il ‘|\||‘||\\”\‘\||u\n”\w“w\rl\'“‘|\|“|‘|\|‘wl\”\' £ W’WM | WWMMWMMM N W WWM ’M’N ‘ M MM MMW
E | | |

5 ‘ 0 10 20 30 40 50 60

0 10 20 30 40 50 60 Time (s)

Time (s)
Ve \ / \ / ""’\,\‘
\\_\_ / 7_/"“

™~
. \
» . —— I \
- *, - 4 \
T W
Spindie +Tool combination Modeling
-~

New data

a lranster Neura

?l5 &3 Ulo|

» X|&%=10] @aEo

=1 =1

Network J|HIe =2

- =10 =2 4

Trained model

JIE8] Z=0

-

Ol SUI0I==

Window J |2t 24
< Deep learmning J |9t ARM 65X ZE=M|AC] G| 2=
C4H X as

o

A Z249] Time
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