UDMTEK OPTRA platform for Enhancing

Quality, Productivity,
and Equipment Efficiency

—— UDMTEK has developed MLP (machine language processing)
technology for the first time by interpreting static control language
when the control program is present and understanding

the dynamic data flow when the control programs is executing.




1. Company Introduction




Company Introduction

Leading Innovator in Al-Driven Smart Manufacturing

O

S | « Raised KRW 4 billion in funding from KB and DAOL
Unified Digital Manufacturing Technology ase Hon In TURTInG from 1S an

= Expanded of UDMTEK Black-box™ & UXIM Analyzer (MOBIS, LGES)
KOSOAQ S

» Registered as one of APAC CIO Outlook Manufacturing
Top10

O
A\

Establishment  May 28, 2007 ) o\ KRW 3 billion through DS Asset investment

------------------------------------------------------------------------- » Supplied UDMTEK Black-Box™ to Hyundai-Kia Motors
Employee 52 = Growing industry presence,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Electronics / PCB: SEMC, SIFLEX, DAEDUCK
Batteries: Innometry, LG Energy Solution, SK On
_________________________________________________________________________ Others: LS Electronics, Hyundai MOBIS, Jinsun TEC, SK

Office Ace Gwanggyo Tower 2, #1401 2123

Changryong-daero 256th gil, Suwon-si, ROK
......................................................................... = Selected as TOP 10 Most Influential Companies on the year

A
E

Business Industrial Al , Edge analytics, and Digital twin

Homepage www.udmtek.com 2023
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g m KRW 10 billion from Eugene Investment & Securities
Telephone 82-1661-1888 S

» Growing partnerships with major industry leaders such as SK

Group, LG U+, POSCO, and KOEN
UDMTEK




Unified Digital Manufacturing

Clients & Reward

Successive Al Projects for Various Industries
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UDM Platform Overview

All-in-One Platform for Machine, Production, and Quality

2= Production &2 Quality

Description

Bl Equipment

Description Description

Real-time monitoring of production status, .
process tracking, and detailed OEE reporting
to boost productivity

+ Real-time monitoring and root cause tracing .
through abnormal operation replay

« Al-driven anomaly detection and predictive
maintenance to reduce unplanned downtime

Detect abnormalities to identify defects,
predict quality with Al, and reduce defects
through proactive analysis

Features Features Features
Category Description Category Description Category Description
Monitoring | Real-time production monitoring Monitoring | Real-time production monitoring Monitoring | Real-time production monitoring
Root cause Identification of alarms: Root cause Identification of alarms: Root cause Identification of alarms:
Alarm distinguishing false alarms Alarm distinguishing false alarms Alarm distinguishing false alarms
. Show component usage status and .| Real-time display of production plan ~ |Defect prediction, root cause
Lifecycle remaining lifespan Production) " ctual, uptime, and OEE Prediction analysis, anomaly detection, and
Pattern for detecting irregularities in condition optimization
ing irregularities i . .
Pattern orocess cycles automatically Cycle |Display KPI per cycle time
Predictive alerts based on control Pattern for detecting irregularities in
Trend operation time trends Pattern process cycles automatically
Root cause identification of
Signal |anomalies via Gantt and ladder logic
chart analysis

UDMTEK




Unified Digital Manufacturing

System Configuration

Integrated Platform and Edge Computing Structure
- Machine & Production Service }_,

- Integrated DB, Detail Data EJE] E o]

Gathering Server
ice '

OPTRA Platform®

\v/7
-l
' OPTRA Edge® capabilities
‘ - Real-time PLC data collection
- Upload to central or cloud systems
- Supports Ethernet/IP, Modbus, OPC
U

[ edge data storage

UDMTEK




Unified Digital Manufacturing

Key Technology

Exclusive Global Technology for Control Logics Interpretation

Control Characteristics

Analysis

Converting the sequence and logic of control programs

into a uniform structure

TG

ceoce ol

Transformer
TEXT

[, /]
(© Observatlon)

Controller Data

SIEMENS ELECTRIC

LS= ecrric

@ meeen...

Sensor, Image, Inspection Data

4
1

Logic Analysis (Data : @)

FR——

— — PositiveEdge_ _ _
Prediction

fome wm e

P

Negative Edge
I Data 8t

Prediction Anomaly detection
Slgnal Analy5|s (Data: ®, ®)

Process Analy3|s (Data: ®, ©)

M’Hﬁ

Algorithm for Detecting Process Anomalies via
Data Segmentation and Feature Analysis

Integrated AnaIyS|s (Data @ ®, ©]

i = |

= e e L

DetecmngoessArnMesanraperasedDataModehgaﬂAmlyss

= = =3
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2. Key Functions




Function: signal Analysis

Replay of Process Operations at the Time of Past Alarms and Anomalies

LA Camera Jialdess
o2t &

View contact operation in g ##i> X
tree-diagram

| L72s |wsoa_ OEZTEEURIAL

Play recorded video of the operation
to visualize the process (optional)

£8 2 30 1 2 1M

1141 #50a_% 0| E2HD2NE  _ I
© Mer7 wsoA_ A WY
B F1141 -#Sﬂo\_sf"\EZHD?’Si' L
& P ssonstolzannznE _
| L7025 wsoa_ 0%z UEAATA.
B T4 ‘m_b‘m&znnz’ss— g I

M6017

e [ Analyze ON/OFF signals and track down
anomalies (flickering contacts)

o

old)

Operation Replay

O List operation history

O Three modes to view
(Gantt, Ladder, Camera)

0 Playback options available

UDMTEK



Function: signal Analysis

Replay of Process Operations at the Time of Past Alarms and Anomalies

P Image replay aligned with ladder logic execution for visual P Track and analyze ladder logic execution over time using a Gantt chart view
inspection of control signal behavior

Control Logic & Machine Synchronization IS T

B TITI41 | #50A_% 0¥2HD2UE .

Live Logic View + Image-Based Process Visualization [ e v

141 Hs0A_% 0\E2HDRBE _

ZNEH AT 1 0001-01-0100:00:00.000 ZHA2 1 0001-01-0100:00:00.000 7+ :0s X

4 0832
12 13 14 15 16 17 18 1820 21 22 23 24 25 26 27 28 25 30 31 W B U

5 FI141  |#50A_% O/2HD2DE

L7025 |#soA_ OlF2

"Check operation errors of specific contact points”

11141 |#50a_% O\B2D2BE _ |

& M6017 |sOA_ ZME ¥

® F1141 |#50A_% O/®2HDDE _

P Ladder View for Time-Specific Logic Inspection and PLC Operation Review
via Ladder Visualization

4o 7 x

Bl Program : 900_/ Step : 11075 / Coil : F1141 (#50A 8} 0| ¥2HD2TZ  014)

i

Track equipment position during specific control process events

Analyze past signal paths to determine failure causes and highlight the
end control contact in the logic flow.

UDMTEK



Function: signal Analysis (Demo)

Replay of Process Operations at the Time of Past Alarms and Anomalies

@)

’ 2021-09-10 12:37:53.553

2o 7

X| UER

X

46 47 48 49 50 51 52 5B 54 55 56 57 53 59 00 01 02 03 04 05 06 07 08
= F1140 | #50A_3 O|¥2HD1RE _ . 7

L7025 #50A_ O|E2 TB02ZA

4 T11140  #50A_5t O|¥2HD1XIE  _
¥ M6017 HSOA_ ZIME HH
= F1140 #50A_3t O|E2HD1RS  _ .

#  T11140  #S0A_3t O|E2HD1XE  _

10
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Reference: Signal Analysis

LG Energy Solution — Poland Plant

Replay of Process Operations— PLC Gantt/Ladder View Tracking

®; MdVideo ~"Trend < Alarm  £3Set o ge QuimtB p @ — X

2 MVideo A~"Trend O Alarm 2025203 O udmt @ ) @ — X
e SR L vz e te c O A P W -C 5

o =

of Alarm

smemMesoe o projorKey - esTesensdssios)

Content Gantt chart and ladder view analysis
Problem } Silent stoppages in the TURN TRANSFER loader
Occurrence .
Times } 6 times per Day
CF;?Jt:e } Silent stoppage caused by sensor failure, triggered by voltage drop
l Preventing malfunction by adjusting sensor relay wiring

1"

UDMTEK



Unified Digital Manufacturing
[

Reference: Signal Analysis
Gantt View

07:36 07:37 07:38
Address
b Vehicle Sensor

Vehicle Data form MES

Dsscriptic-n .............. B8] EFREeweEIE (M

« Sensor activates before vehicle model
data is processed, complicating root
cause analysis.

0.3 sec

Problem ©

« Sensor activated 0.3 seconds before
vehicle data; resolved by adjusting PLC
logic.

Result ()

CIaSS|f|cat|on H Company

Problem Vehicle data input error
Frequency 3 per day
Solution Changing PLC (controller logic)

Saving yearly cost of

Cost
Reduction

12

for breakdown

Ladder View (tracking)

= Program : A_WORK / Step : 1176 / Coil : L0190 ( X}FH| 2 M+ HIRZE 0|Y)

Root Cause

Unable to detect the
root cause of anomaly
before UDMTEK Solution

12

UDMTEK



Unified Digital Manufacturing
[

Reference: Signal Analysis

False alarm — Trace the logic paths to identify false alarm causes and
highlight the final control contact in the sequence.

Operation Replay - tracking the logic paths

ogr: A30 / Step : 14595 / Coil : WOF61 ( 2% 0l 2LiigClamp ¥ TICNT )

SMo01 SMa401

QCunitopensiel

Root Cause: highlight the final control contact

root cause of anomaly

f DMTEK Soluti
Saving yearly cost of for breakdown before U Solution

Classification H Company Remark
| Problem } False Alarm
Frequency } 3 per day
Solution } Changing LAN card Unable to detect the

Cost
Reduction

; UDMTEK



Unified Digital Manufacturing

Reference: Signal Analysis

LG Display (Display Area)

Cost-Benefit Analysis of Line 2 Design Implementation at Company L (Per Line Basis)

: UPH Production .
e Operation Production | Production
= : Classification Time(h) C.T(s) (Hourly Capa. CostKRW | Amount (KRW)
Cylinder down — Cell loaded throughput) (EA)
3.6s = — 0.5s delay Line 1 20719 Result(s) 3,766 22.5 160 602,560 22,897,280,000

I i AS-IS 4000(Target) 22.5 160 640,560 38,000 | 24,320,000,000

— ine

=1 To-Be 4000(Target) 21.8 165 660,560 25,080,000,000

@ .

Delay Time Reduction = Cell ejected — Benefit | 760,000,000
3.6s — 3.1s 2.4s ﬂ, Return to upper position
) 1 . . . . . -
0.5s Reduction - Cycle Time Due to Process Optimization Production Gains by Improvements
B | 23
1 21520
] ).7s Reductio
Delay Time Reduction L . 29 4 2,470
CLAMP Down, Loader Forwrad =
365 —3.1s = Yt o R
| '
0.5s Reduction i 21
| 2,370 : -
A fis 0 Clamp up — Step 2: C.T(s) Production Amount (Million KRW)
) | Loader retracts (] As-ls (] To-Be

[ W}
[ I}

1 Year 2 Year 3 Year 5 Year 10 Year

22s 0 .
- Cylinder down — 0.2s delay S
[ . Pin retract Applied lines 10 | 15 | 20 | 25 | 50

§ Benefit (Billion) 76 114 152 190 380

3.2smm Lift Down, Completed % Annual production gain projected by applying improvements to 5 lines

’ UDMTEK




Unified Digital Manufacturing

Reference: Signal Analysis

GM Automotive Plant in Korea

-11-20 _ 2023-11-20 [y—
“ o
1) Problem Occurrence 0036 = 1sese 2 P — 2023-11-2008:13:23.885 YA X

) i ) UER YUY BA Eojol/2tRe Bit Yoy A X|AIM 37| == ZHM1:2023-11-200
The robot intermittently stopped during
automatic startup without generating
any error messages or alarms.

08:12 08:13
1239 1000 22382UTTI3IIFS 2044 335484349553 3855 1000 C000DOD0T 0123034 112Q 22PRTETIFIIAIASS 100 528454349558 3555 189

SAFETY OK

EMG STOP NORMAL

2) Root Cause Identification

I
1
I
1
I
1
I
I
|
I
|
Robot stoppage reoccurred due to a control 1 : Autorun’g Delay T
logic error—pressing the Alarm Reset : B wMI0011  |CYCLE RuseanG T
1
I
1
I
I
|
I
|
I
1
I

button, despite no alarms being active,
triggered an unrelated sequence, causing
a 110-minute halt.

%M4100.1 IN CONV CLAMP READY
%M1000 2 ALARM RESET
B %M1000.1 AUTO MODE

%M1000.3 AUTO START

3) Resolution

%M41020 IN AUTO RUN'G SUP 1

%M4110.0 IN CONV CYCLE START 1

The problem was fixed by updating the

ContrOI IOg|C %M3570.2 OUT CONV1 FEED MOTOR LS FA

Ll Program : FC1_Level 1 / Step : 24 / Coil : %T30 ( Autorun’g Delay T.)

M4 %M4205.1 4307 6M1001.0 %M 10003 200 %1152 %M1003 06126_Alarm&iMessag#cM 1000 1 %M 1001 4 -ﬂ( 0 %M1000.2
l I. I.I I | | | l .I .I I!T I 1: |.I er I.I J/I’ [ w30
N CONV LCMO '-!PAE CONV ﬁc URN E-'o!' ,-.quos-!-.q- Non- \I E-Lral I_M PCG‘ O_MPS ‘L Alarm Total :.movclm 1CYCLE .!.rob MACHINE ON ALARM R!ssw A-L"""Il
hON-INTERFER|UNLOAD NON4 CoNvI NoNan|  PosmoN Equiprent Sw T

AlwaysTRUE

%M1001.1

CVCLL
RUNNING

" UDMTEK



Unified Digital Manufacturing

Function Trend Analysis

Operational Time Trend Analysis for Predictive Maintenance

Trend Analysis: Real Application 202110719 Q) admin

AM 08:44:31

,;;qu Bl puara 8% 10 QY moravom mm3 soLo AR EH ovesrann, 1 BB EH [ormossany, o A EE 0
Ag %ol g4 RE R —— PP T

Trend Analysis

Unit time extraction

Start~End Signal

2021-10-18

2021-10-17

2021-10-17

rzio

PN T

2021-10-16

: : Al Time Series Model Training

ol do O

a5 3
B2 786 % (2021-10-24) 1
HEURHOIY) 0.78 £ (2021-10-24) 5

e @@ : 9 Signal Trend Analysis

w3 6.39 %
EEUA 7.64 %
H

YUy oy O ] .
v w8 ; automatic detection of trend changes

B T A ——————— e~ [l =~ "o - oo oo oo oo m oSS ST S S e oo oo
08:21:20  08:22:01 Anaawe MO TRAYMRADEL

O s — 0O Enables preemptive action against equipment
R R downtime caused by wear, jamming, or breakage of
ST mechanical components

08:35:59 o mommmesea | W

o) Playback of recorded history at the point of trend
change is available

Preventive Maintenance Application

BEUAL(2)

2021-10-18 2021-10-18
1

" UDMTEK



Function Trend Analysis

Operational Time Trend Analysis for Predictive Maintenance

P Anomaly Detection via Operation Time Trend Charts
: Utilizes time-series analysis on historical operational data

g %0| B HE \B¥2 MM | UNIN E9ER HWEs

° % { S|gna| Trend Ana|ysis Chart o wsus =2 OIEN2(10) OIHWR(30) OIFW2(100) A YEEN FWEe Ywxs
19.00 ,_s,j,,_. e HCK/ME
g el o { - | |
: . — i '
® i o ; ! ! ‘ 3 i _ .
A gradual upward , 28 e ey
"°° CRE trend is predicted AL 2|
0o based on historical : — ce T
g ‘ /.\ //_‘ +«——— | data 1215 202412.22 20241229 20250105 2026 0112
i P ¥y e
Forecasting Future Trends by Applying Time-Series Algorithms to
Historical Data
» Trend Change Detection with Daily Runtime Charts (Time-Series Algorithms)
- Visualizes point-in-time data through scatter plotting. » Moving Average: Smooths out short-term fluctuations to better reveal the
P —— overall data trend
. : : =— + Double Exponential Smoothing: A forecasting method that considers
3 S E— both level and trend components of time-series data
3 Lﬂenlt'fy'n%.th.i Pok')”t wEe[je + ARIMA (AutoRegressive Integrated Moving Average): Predicts future
o= L. . € lower imit s breache values based on the autocorrelation of past data
* LSTM (Long Short-Term Memory): A type of recurrent neural network

that learns complex time-series patterns for nonlinear future prediction

! UDMTEK



Unified Digital Manufacturing

Function Trend Analysis (Demo)

Operational Time Trend Analysis for Predictive Maintenance

(k3
=
gfol . 34 . A o=
HZ F0| 24 XAE @ 4=is (80 [2] % 0|SW2(10) O|EWR(30) O|FWR(100) MM | YExs Fwxs ez | YUY =B a2 7P|
10 -
O |ch/2A
— w2
— BR4E)
|
6
4- AAY ol HE
2022-07-10 2022<07-17 2022-07-24 2022-07-31 2022-08-07 2022-{];—: qléa¢(g% ﬂa) 0 a qéggﬂ(gg %i)
4.
CELE euor @D
— BENY
e 2y - Z|ch -
oY gEmMAL B ESES
o 2 st -
2 5hst -
A% XE 2022-08-07 (7 | 2% YUY Y2
AEAZE | B2
8 ® 53U
-
&
B []Drﬂﬂ []3“0{] Dﬁrﬂﬂ Dé!UO 'IZT(J(] IS:UD |8‘ZUD Z'I;U[) []()VZCID
a2
System Message

" UDMTEK



Unified Digital Manufacturing
[ |

Reference: Trend Analysis

Kia Plant: Trend Analysis to Support Preventive Maintenance

Drop Lift Operation Time Delay

Signal trend analysis chart @ Deviation range |80 (8| % MA(10) MA(30) MA(100) Linear regression Daily Weekly Monthly
10
0 Maximum/Minmum
2| A 48 | ——-— = Average 2
fg ‘ Average(forecast)
N2 8
g Upper Limit o9
- Average
c
S
@ 6 -
@
o
o
-
?0??-‘06‘?(1 ?U??-:OI—(J! ?(327:0#10 ?0??-:0.’-1} ?O?PJOf; ?0?2-'07-31
Classification H Company Image
Problem Drop lift operation time delay

Solution Changed drop lift belt for future downtime

} Saved yearly cost of for downtime

19

: es oS
g i il
” o {
¥
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Unified Digital Manufacturing
[

Reference: Trend Analysis (S. Electronic Company)

Trend Analysis — Cylinder Operation Time Variation

Daily Chart il
i M Vldeo /~7' Trend ‘0 Alarm &5 MasterPattern £} Set{ils - [ o
o . | 2022-11-17 | . =
Lh e e Bk LYY 2 4Ry oY Sol @ | seMax.: 0,19 2 e
T g i A Min. : 015 5 um
NEWR(10) MEWR(20) CiEWR(100] wED —Mean® 0.17 ;
SP—— - it . _ _
Regular Cycle (Mean: 0.17 sec) o oy an o= o= ne " ne <
' 5 | zozziar | [Regular Operation Time Variation Chart]
B EAAW  InBSKRMRAY HRY M sol i |
S agMax.: 53,93 ! .
ERRY  InBSKRUMAZ 4NY ¥ Sol I | Min. : 0,15 5 Daily Chart
: : - —Mean: 7,37 | “w
b ".4|'r'|"p'- f {B ||: 'HMCVS ?i P|LD2 ’I SOI................ I i ‘ i P
W ogi n;k HRCVE M HLD1 M Sol ¥ "IJJ.-n T N - o o o é : ;
mBSKLBAUROYA Bésol B Irregular Cycle (Mean: 7.37 sec) i 1 xR T . ‘
InBSKLA A A1E A 18 Sl A ,mn T PO YT Y P T eA R US| S ey e SRS T
W IBSKLARNZ WY M Sel wn nw ) nw wn wo wm e =% )
AR InBSKLREY AW ol / \ -
TR IBSKATDILHY U 5l - [Irregular Operation  variation Chart]

Classification S Company

Problem } Significant variation in cylinder operation time
Root } The wear of cylinder rod packing
cause

Resolution

* Cylinder rod packing

’ UDMTEK



Reference: Trend Analysis

Trend Analysis of Measured Servo Motor RPM Values

S ERAR e sroninlin | “wmvaro v Stable Trend L ERE o wiwinis wsszo o Increasing Trend
YU NE o mmawm| | yune 0 manE
5 21 9..:: = g £ ."‘""" % J - ® s
Content L Company
Anomal C : :
omaly The regression line of the measured values shows an increasing trend
Detection
Root Degradation of electrical contact performance due to brush wear
Cause inside the servo motor

Resolution No urgent replacement needed, but scheduled for preventive
LY maintenance.

’ UDMTEK



Unified Digital Manufacturing

Function Pattern Analysis

Master Pattern for Detecting Irregularities in Process Cycles Automatically

| Irregular Pattern % Master Pattern P rn Analvsi
o Maste,_(Current cycle) )z A (Regular cycle) atte alysis

Cycle Messure! 2024-06-21 176624781  Massure22024-06-21 17:66:40.785. Interval uw-! Duration ORI ttorn  §*"72024-06-21 175304785 Messurs22024-05-2117:53:20.792 nterva 16,003 . PLC & Sensor
T L Control Extraction
w12 |sMe12 INEIDDE@@! sontme 7002 g | [ M2 w2 | QDO DDO@EEE( W W e
L Mi002 suB2 |ID—————————
== ™ — Auto-generation of Master Pattern
e Tt o= | I I Master patternfor \ W ——~ T
uioos  suee q oo g sensor data .
=i = <% 3 Al Automated Analysis of Irregular Cycle
' Anomaly Deta.i-l-s" Y D Detection of Irregular Cycles through Automated
] O Master Pattern Analysis
o Capable of detecting variations in operation time and
sequence within each cycle
e — : = - : o - __Performs correlated analysis of analogdata
segmented by control logic
= — - - - - - — — O Enables comparative analysis between the master
pattern and individual control contacts
| Utilized from a maintenance perspective

- UDMTEK



Function Pattern Analysis

Master Pattern for Detecting Irregularities in Process Cycles Automatically

p ° Master pattern represents the typical behavior of a repeated operation
« By analyzing the shape of each process cycle, the system automatically identifies
abnormal patterns that differ from the master pattern

Pass/Fail Judgment Based

C Cle Data Master Pattern C Cle §441:2024-05-03 11:11:33.766  HH 412 : 2024-05-03 11:11:48.775 712150098
y Generation on Master Pattern Y

I {Normal (Abnormal)

] I
- — [ ] — = [r—
1 [ — _ [ ] - [ ]
I [ ] ] ]

— [ | | [ 1 . 1 [ W[ _—

Missing bar Abnormal Data
(Digital) (Analog)

Apply time-series algorithms to historical data to forecast future trends
(Deep Learning-Based Classification Model)
- CNN Autoencoder: Trains on normal cycle data to learn pattern characteristics and detect deviations. Bit-type contacts :

Detection of
signal timing and
sequence errors

(Cycle Learning Overview)

+ A master pattern is generated by learning the characteristics of a sufficient number of identical Identify differences
process cycles. o in data patterns and

+ Bit-type contacts: Includes features such as the number of bars per cycle, the operation time of statistical values
each bar, and their execution order.

» Word-type contacts: Analyzes changes in word values during the cycle (e.g., statistical summaries,

variation trends).

Word-type contacts :

) UDMTEK



Function Pattern Analysis (Demo)

Master Pattern for Detecting Irregularities in Process Cycles Automatically

Line1 . =¥ Ty & Y - | CJAI ALY A2 M| g pLCRIE HY
5 7“ c\IN 40.0%
Eﬂlﬂﬁ . x| x4 D\ IR 20.7%
oms E\] 161%
Y g g 59l : 2025-03-07 ~ $1 (212 14%) M- Sl | S Y] BUEE
[ @ FUE
| A AE] ® qUEY
W H|7EEAIZH . 125 Wl
0.4 [ P
Al 2GR
E W SEE
= CES D _
< 0.2 T=FH
= CLEEE at:
e Demo PLC 3
0 LS XGI Ethernet Tcp
pr;d 192.168.1.10:2004
T FO| 2 Y gy M~ HAIZtE3| HF EoIE x3| AMME7) | PLC RLIEY ¥E =3} Bl Al
FHUMAE ES B VENE] =3 2o OpAEIHE O AR
250 08 T2t 1 339 AlZt Al FA|ZH L Al
0.5
0 - T T
03-09 03-16
Aoas — w3
S{xUZ} SPEC
== HA
=% 42 - SYHY -
\
S BEHAL - BYHA -
System Message Project Key = 638747046842182376 ‘

24
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3. Integrated Analysis




Function Integrated Analysis

Integrated Analysis of PLC, Sensor, Image(FMVS), and Inspection Data
{{Integrated
- _ 3 _ . 7 Monitoring))
o] o] =)

Integrated Web

relationship
m I I m
I Signal [ Signal I Signal I Signal
I 1 — - — —-
. am Trend E—  Trend W Trend ' mm Trend

| |
I Pattern /\ Pattern /\ Pattern | Pattern
/\ Integrated /\ Integrated

AnalysisA{

(Electrode Process) (Activation Process) {Quality Inspection Process)

f_/ﬁa -
PLC Sensor  FMVS Image

Sensor  FMVS Image

N UDMTEK



Function Integrated Analysis

1) Data Segmentation

Cycle 1 Cycle 2 Cycle 3
1) Digital Data
pr | ] — i —
D2 n 1 I
D3 I I I | | | Lo | | |
D4 T 1 (I
D5 L IR [ | | |

A3 MMM

3) Video Data

g S | s T o

» 1-1) Digital Data

- Data gathering from PLC

- Control Log Chart ON(1), OFF(0)

- Cyclic and connection sequence

- Identify internal machine operation change

» 1-2) Analog Data

Collected from sensors (e.g., temperature,
pressure, vibration)

- Cyclic Patterns
- External Sensors Data

» 1-3) Image Data
Camera Data
Image Division by Frame Unit

Detect Physical Changes in Machine
Components

Based on digital data, extract analog and image data separately for the specified control interval

27
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Function Integrated Analysis

2) Generating Adjacent Matrix

| Digital Data » 2-1) Node Generation
« Each contact point is represented as a node

D1 L1

» Additional nodes are created according to the number
D2 I §> of operations occurring within a single cycle
D3 [ | | |
~ |
D5 1
| Phase 1 » 2-2) Connect Adjacent Nodes

« From the start time of the previous node — to the start
time of the next node

« The edge weight is defined as the time difference
between the two operation start points

« This process is repeated until no further successor
nodes exist

» 2-3) Generating Adjacent matrix

« Construct a directed and weighted adjacency
matrix

Includes both the start and end points of control
operations (forward and reverse directions)

c~roco~=oR
[ ]

Generate an adjacency matrix representing edges and weights connecting nodes in both forward and
reverse directions

28
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3) Generating Feature Matrix

Analog 1 Analog 2 Analog 3 S ——
=1 w r”/\"\'\-\ I Channel I Histogram J
— A
=

Frame
=T - - - - L
v v v \l/

Frame Green

L

Feature Extraction

A2 A3 V p 3)Feature Matrix Generation

« Extract features for each node based on data type:
+ Digital: Operation time

« Analog: Control interval pattern

« Image: Frame-based start/end timing and
corresponding R/G/B values

« FEach node’s features are stored as a feature vector

« All feature vectors are aggregated to form the final
feature matrix

Generate a feature matrix to distinguish between normal and abnormal states

based on differences in data patterns

N UDMTEK
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4) Anomaly Detection Model Construction

Convolutional Autoencoder

X _ - X’
='I ] — I  —
™~ \ ] = //
__| \\ // L
\EQE mEmEmE Eﬁ;%/
' H I | | [
I - L
I
' — —_—
I Input matrix Convolution & Autoencoder De-convolution & Output matrix
| Pooling Un-pooling
|
| T A 4-2) Anomaly Detection Model Construction
i i D1 D2 D31 D3-2 D4 D5 D A1 A2 A3 v oo . . .
1 i i D1 E | | . i+ Convolution and pooling layers suitable for
1 D1 011010 i extracting features in Euclidean space
“ . b2 |1 0 0 0 1 1 B2 i I | . i+ Encoder-decoder architecture for unsupervised
W b |0 1 0 0 1 0 23 p3-1 [ [ [ | B learning without the need for labeled data
 p32l0 3 0 0 0 O D3-2 [ [ . |+ The higher the reconstruction error, the higher the
i — : likelihood of an anomaly
- pa |0 0O 1 0 0 1 AN
(bR L SHl [ T W !, related UDMTEK Patents %
o ey ) e (Feature Mawb) | (Korea: 5) 10-2021-0046618, 10-2021-0050982, 10-2021-0097053,

10-2024-0067503, 10-2025-0029505
(USA: 3) 17/658,553, 17/756,460, 17/813,738
(Japan: 1) 2023-564610

? UDMTEK

A 4-1) Input Matrix Generation for the Model

+ Matrix multiplication between the adjacency matrix
and the feature matrix
« Results in the final graph-structured input data
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Function Integrated Analysis

5) Analysis Result

Size of Activation Optimizing Size of

gl Kernel  Function Function Filter > Anomaly Detection Model
« Utilizes a Convolutional Autoencoder (CAE) architecture
1 3 ReLU Adam 8 0.1869 « Optimal hyperparameter combinations are explored using grid search
2 3 Tanh RMSProp 32 0.1871 * Key parameters include:
3 3 Tanh Adam 32 0.1875 + (Convolutional) ke.rne_I and fllt(?r sizes o .
* (Autoencoder) activation functions and optimization algorithms

4 3 RelU RMSProp 16 0.1877 « Lower MSE (Mean Squared Error) indicates better model performance
5 3 ReLU RMSProp 32 0.1877
6 3 Tanh RMSPro 16 0.1877 I i

P ' B > Anomalous cycle data ;
7 3 ReLU Adam 16 0.1878 'g :

| | | [ Thireshold. gt
8 3 Tanh RMSProp 8 0.1885 ¥4 ;
9 3 ReLU Adam 32 0.1900 ¥ §
10 3 ReLU RMSProp 8 0.1901 § i
11 3 Tanh Adam 16 0.1905 P cycte |
12 2 RelU Adam 32 0.1940 4 Model Analysis Results
13 3 Tanh Adam 8 0.1942 + Select cycles with the highest MSE values from the entire prediction results
14 3 Sigmoid RMSProp 32 0.1964 « If the MSE exceeds a defined threshold, the likelihood of anomaly increases (A)
15 3 Sigmoid Adam 32 0.1968 « Threshold is defined as:— Mean of all MSE values + (3 x standard deviation)
» Cycles flagged as anomalous require further root cause analysis
16 2 ReLU Adam 16 0.1979
Optimize model hyperparameters to maximize prediction accuracy and
train the model for anomalous cycle detection.

i UDMTEK
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Function Integrated Analysis

5) Analysis Result

Cycle Type Node Variable Feature Plot Distance MSE
i
Digital Y1001 Duration = }—D—1 i 33.73
i
0069 | Digital Y1009 Duration - —H [ | 3185 | 0.308
i
Digital Y1035 Duration - }—D—i 2919
Analog Y1014 Coolant Temperature Shape Factor i 44.05
I
1186 | Analog Y1014 Coolant Temperature Root Mean Square E | | 10.04 0.273
Analog Y1014 Coolant Temperature Mean i } {  10.03
|
Digital Y1003 Duration - ! | {1856
0470 | Digital Y1009 Duration - | I | 1299 | 0.240
|
Analog Y1014 Red Standard Deviation I—i— ——  8.97
Analyze multiple variables from various perspectives to identify and
address the most influential root cause of the anomaly

) UDMTEK
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6) Implementation

Segmentation

Viewer

J L) 6) Real time Monitoring
E <Graph-structured Data Generation and Analysis Module> i
Alarm i
; Convolutional i
7y ! :
I 5) Send Alarm OK i Autoencoder :
J ! i
E 4) Model Prediction 3) Model Training i
Cause NG Anomaly P :
Diagnosis Detection Co i
< i Graph-structured ;
5 Data i
| | 1 | |
— ! i
DB - 5 :
- Adjacency Feature i
1) Data Gathering i Matrix Matrix i
| f ) i
Digital i | !
Data i 2) Data Processing i

PLC ['BlT | | Sensor f:} Camera Oy

N UDMTEK
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Production Optimization through Integrated Analysis, Leading to Continuous Quality Innovation

Technology Summary Effectiveness
Replay of process operations at timestamps associated with historical alarms and anomalies
19 SHomaL - Reproduce historical PLC ladder logic at specific
A Ig . timestamps - Fast alarm diagnostics to reduce downtime
el - Visualize process flow through Gantt and Ladder - Root cause analysis of anomalies to prevent recurring failures and
views improve process reliability
- Replay linked process images for contextual analysis
Operational Trend Analysis for Predictive Maintenance
Key 2) Trend ) ﬁg??ih’aﬁgeei'd'on based on automatic detection of - Proactive anomaly detection reduces defects through timely
. Analysis G . T . maintenance
Function E;gsr;ég ;rr?nhciisfgr?(lz)gl;;:gart. Time-series forecasting - Optimized maintenance scheduling lowers overall maintenance
- Daily chart: Detects detailed data variations over time costs by avoiding unnecessary interventions
Master Pattern for Automatically Analyzing Irregularities in Process Cycles
- A master cycle pattern is created by aggregating
3) Pattgrn m'ul'tlple_lnstances of cycle datg . - Reduce operator time by minimizing manual monitoring tasks
Analysis - Digital signals are analyzed using Gantt charts, while icallv d . | I h r
analog trends are evaluated through waveform analysis | Autqmatlca y detect irregular anomalies to enhance quality
- A classification-based Al model is employed to stability
automate normal/abnormal cycle detection
Integrated Analysis of Digital (PLC), Analog (Sensor), Image (FMVS), and Inspection Data
9 y g g g p
Added 4) - Consider all data generated during a single operation | ~ Maximize efficiency in quality, production, and equipment
Integrated . . management through automated anomaly detection and
Tech. A gl A cycle—digital, analog, and image cIassi?ication 9 y
nalysis _ i i
Y g\uttomatlcally detect anomalies from each type of - Enhance root cause analysis accuracy for process defects through
ata multi-source data analysis

) UDMTEK
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