4 0 YEARS ﬁ

dr. schenk

Pushing the Limits ; T
of PreC|S|on e

CONFIDENTIAL Copyright © Dr. Schenk GmbH



4 0 YEARS 7h
dr. schenk

\

" /4 4 | o— 7%) W
bt >~ d —— R —=

g Innovations for dry ‘ .
/coating inspection —N\/}

/

S

Summary

CONFIDENTIAL Copyright © Dr. Schenk GmbH



Dr. Schenk - Key Facts

) U\
A QA Y

What Surface inspection solutions
we do Development, manufacture and sales
H Near Munich, in Bavaria, Germany
Q 18,000 m? production & testing facilities

> 16,000 worldwide

Systems For all applications
dat 1985
Foundation Privately owned
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Our
expertise

Employees
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> 40 years of experience

Perfectly matched, closed
systems

> 300
60% in R&D, project management
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One Platform for all your inspections e

One standard platform for... ... for all application

Cameras &
! ) Hardware Software
lHluminations

’. # #

Operator Terminal Box Data Management

All-in-One Box (ERP, MES, SCADA)

Accessories Analysis, statistics,
Calibration / Verification reports, remote access
Encoder, Frames, ... Al, 2D code traceability,
Interfaces,...

And much more...
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Dr. Schenk - The Solution Provider

Examples: Dry Coating Inspection

Coating inspection Customized measurement
iInspection
Cameras
with optional

housing _

______
||||||

IIIuminations\

lllumination —&&

Calibration
tool T &

llumination /

Assembled & adjusted ’78;7;8
Compact & flexible design
Integrated calibration device
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Use in production
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One system for two purposes dr schenk

A) One System for complete production workflow

Film Cutting Stacking
fabrication Notching Winding

B) One System for three inspection tasks

Material
® Ocfecs O operies

Particles, Pinholes,.. Coating width, distance,... Roughness / Homogeneity
Delamination, peels, ... Coating alignment Coating thickness
Cracks, scratch,... Dimensions / Position Porosity / Streakiness

Wrinkle, folds, oxidation, ...
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One System for three inspection tasks o

@ Measurement SEUEC
properties

Detection of all kinds of defects M =
Contaminations, particles (metal, graphite, other) [ thickness &5
Pinholes, thin spots, bubbles, drops, ... A S
Scratches, stripes, strokes, wrinkle, folds, cracks...
Delamination, density marks,....

High sensitivity - [ ~ Conta-

- mination | |

< 10pm
By multi channel illumination (MIDA)
12bit camera, 16bit image processing,...

Crater

Precise classification
Up to 400 features for each defect
Al or classic classification

Coating defect Cracks . Homogeneity

1l

: ,‘
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One System for three inspection tasks o

(1 Measurement Material
properties

Example: Particle detection

Challenge:
Typical microcrystal background structure (5 — 30 pm) causes noise
Small particles cannot be detected with conventional inspection

Dr. Schenk Solution:
Unique, proprietary Dr. Schenk illumination technology (ADDI)
Detection of particles down to 10-20 um possible even on noisy, structured surfaces Micro crystals cause a lot of noise

Very noisy image: particles invisible With ADDI technology: particle clearly visible
CONFIDENTIAL Copyright © Dr. Schenk GmbH
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Material
BliEas e properties
a) Any type of measurement: ! 1o !
Coating position / length / width / gap
Top / bottom coating alignment S T —
Binder / insulation width & position Distance
Edge burr / waviness / crack analysis [E22 | £,
[

Width

20043 2(00.83 20096

Foil Width

2424 3(0.03 3036

Offset

Offset

A

Y

>l
s

Electrode Width

17051 170.78 176.57

Repeat
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One System for three inspection tasks

Material
properties

Defects

a) Any type of measurement:
Coating position / length / width / gap
Top / bottom coating alignment
Binder / insulation width & position
Edge burr / waviness / crack analysis

b) Calibration & Verification

Resolution <5um

Closed loop calibration for verification &
measurement capability (MSA)

Measurement Reference Value Measured Value Valid Range
Effective Inspection Range == 1200.0 mm
Camera 1, R
Measurement Reference Value Measured Value Valid Range
Position left 24215 mm 24.215 mm Ref +- 5.0 mm: 19.215 .. 29.215
Position right 192.105 mm gl RN Ref +- 5.0 mm: 187.105 .. 197.105
Used Width 167.890 mm LT el Ref + 1 %: 166.211 .. 169.569 mm
Min. Used Width 167.890 mm »>= 165.0 mm
Overlap to Next Camera 26.210 mm >= 0.0 mm
Pixel Resolution 1. 1000 pm
Relative Focus Measurement =80 %
Cross Direction Bias Left -0.9.. +0.9
Cross Direction Bias Center -09. +09
Cross Direction Bias Right -0.9.+09
Signal Average Ref +/- 15.0 %: 108.8 .. 147.2 gv
Signal Maximurm <= 2565 gv
Signal Minimum >=0gv
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Introducing
Dr. Schenk

Material Properties

- Yy Multi Channel illumination
Artificial Intelligence

Others

Summary
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High Speed Measurement

High speed for High precision 6um
140 kHz for more data
About 200.000 measurements for 1m

High dynamic (12 bit)
~ 20x more then standard cameras

Measurement Capability
E.g. Cy > 2,0 reached

Edge Analytics

Material speed: 50 m/min

Measurement speed: 140 kHz

49,984

49,979

50,054 2’ 0 7 2

49,962 —

50,012 0, 1,783
Mittelwert 2,072
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Edge Defect
Detection

6 um MD
Measurement interval
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High Speed Measurement i v
High Precision Edge Defect
Measurement Detection

Statistic analysis of your edge
Edge smoothness / waviness, etc.
Min / Max / Average value
Number of Out-/Inliner

: : )

Highly precise results ”e,;?s

Meaningful and robust results

Detect deviation before they become critical Min: 117,4 mm
Max: 118,9 mm
Avg: 118,1 mm
Outliner: 13
Inliner: 7
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High Precision

Measurement Edge Analytics

-«—» Search Range

Detection of edge defects

i P | |
Wavy / Double / Missing edge : |
Cracks / Delamination ' x|
: X 14—‘—:— Outlier
Folds / Burr | X ||
. . | I
Outliers / Inliners | |
|
- : | PX|
Very sensitive: down to 1-2 pixel T |
. | ' Missing Ed
Flexible setup: :‘ | | ssing =age
Automatic search range Wavy edge I !
: : J | Ix-+— Outlier
Automatic Adaptation , " .
| <L
=t
77
S I X |
Very robust : \ Jl— Auto Adaptation
More reliable defect detection | |
I X |
Detection of smallest defects e | |
Edge with folds Cracked edge I K— |
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Introducing High Speed Measurement
Dr. Schenk

- Yy Multi Channel illumination
Artificial Intelligence

Others

Summary
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Material properties

Defects Measurement @ L
properties

Typical Properties

Repetitive marks |

Uneven coating F[m
. . .. 76 . Tr 78
= Coating thickness variations , ' — T3 = '
. . 350+
- Coating roughness, porosity -
- Homogeneity, waviness zgg
- etc,..... 150
— Streak
504 |
0] £
15.5 15
b ,
n,

QF;
- Sensitive to any deviation ‘s
© 100% inspection of full width

* Running with production speed

4% Nov 25 CONFIDENTIAL Copyright © Dr. Schenk GmbH
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Material properties e

Defects Measurement
Comparison Dr. Schenk Material Properties with Traversing Sensor

Easy <2% of surface inspected

Only traversing spot measurement

Thickness & base weight

Low local resolution

Relative results (deviation)

Material
direction

¢ 0,3m*

-‘!': ? 7| |38me

(Imin)

*Distances of the test with 50m/min CONFIDENTIAL Copyright © Dr. Schenk GmbH
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YEARS
Material properties 40 W

Defects Measurement (3)
Example: FFT
] 374mm 581mm 842mm
0,020 —
Chatter | !
0.015 /

‘ l

0.005

Amplitude [gv]
= L
[}
=
IIII|IIII|IIII|IIII

| T I T I T I T | T I T | T I T I
200 400 600 800
Frequency [mm]

]

'-I
- ol
—
= =

Can detect chatter and other vibrations in the system or be,,ef.
coming from material /s

.?II
1

Highly sensitive: Detects of extremely small changes (down to 0.005 gv)

I-'I-ll'il' |

4l
W

Early detection of problems with individual rollers
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Introducing
Dr. Schenk

High Speed Measurement

- Yy Material Properties

Artificial Intelligence

Summary Others
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Multi Channel illumination o schenk

MIDA — Multiple Image Defect Analysis

Combine multiple channels in one inspection station
lllumination switches up to 280,000 times per second

Up to 4x more information for better inspection
Multi-Angle: e.qg. Bright/Dark Field

Multi-Spectral: e.g. combine visible and IR Bright Field Dark Fieldd Dark Field?2 MIDA
Multi-Intensity: different brightness for coating / Al-foil \ \ multiple views
Shape from Shading: calculate 3D and texture image l

Distinguish reliable between different kind of defects, e.g....

Up to 4x more image information 6@,7
) ) .. ) ¥
Safe detection - reliable classification s

Multi-functional

Contamination Scratch ,crack, ... Particle, etc.

Small fOOth‘I nt Different defects in the same image area: only visible with Multi Channel illumination

CONFIDENTIAL Copyright © Dr. Schenk GmbH
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Introducing
Dr. Schenk

High Speed Measurement

Yy Material Properties
| Multi Channel illumination

Summary

Others
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High Speed High Speed
Detection (AIMI-D) Classification (AIMI-C)

I Threshod B s
Threshod g -

AIMI SCD
AIMI C ———>
AIMI D Threshold N

AIMI SCD
AIMID &g AIMI C

b
Q,’e’;ls

Very flexible — growth with you demands
Future proof — add the latest developments
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Innovations for dry coating inspection: Al
Modular Al

Example: Paper production
Width: 12 m Resolution: 150 um

Speed: 120 km/h Cameras: 3

Data to process: 360 Gbit/s
1.2 million more than TV HD video rate (0,3 Mbit/s)

T

4 0 YEARS
dr. schenk

High Speed
Classification (AIMI-C)

Dr. Schenk solution
In-Camera Al processing

Only one PC for data
management

Without Al

CONFIDENTIAL Copyright © Dr. Schenk GmbH
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High Speed
Classification (AIMI-C)

Modular Al

Features:
Proven 100% defect detection
Extremely fast (up to 2.5 Mio defects/s)
Only some pictures needed for training

Typical defects:
Folds, Bump, Dents, ...
Contamination, Smeair, ...

20
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—
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60 . | .
Anode coating with surface
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High Speed
viodular Al Detection (AIMI-D)
Features: Pinhole Contamination: Contamination:

Dark Spot Bright spot
Most reliable classification o
Enormous computing power for
complex Al models
Combine

Multi-Channel illumination
With high end Al models

CH1: Bright Field

Distinguish between: T

. . . . LL

Pinhole, particle, different kind of x

contamination, foil exposure, ... S

N

Advantage 5

L 0

Classification rate >99’9/0 Pinhole: 89% Pinhole: 13% Pinhole: 15%
Less training data Dark Spot: 7% Dark Spot: 82% Dark Spot: 6%
Bright Spot:u% Bright Spot:5% Bright Spot:79%
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Summary

High Speed Measurement
Material Properties
Multi Channel illumination

Artificial Intelligence
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Innovations for dry coating inspection

Software for every
Imaginable application

Detection Quali

Acquisition
q =
/ ==
Thoshos A
Streak Detectio
Period Detection Web Qualifier
Width Roll Qualification
Material Manual
itoris Overruling
Easy Measure Mms

Open Data Access

Il & |
1 |

Powerful, modular Al

Threshold +

Connectivity & Tracing

Remote

SCADA MES

$ =
=

Server

!

Network

L
¢
0

ks

o, @
'O ‘0
“ “
N
A >
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Highest reliability
and security

N\

o33

Extensive analysis options
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Introducing

Dr. Schenk

yd

Innovations for dry
coating inspection

(P
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One System High Precision & High Speed
for three inspection tasks Measurement

‘ Material

Properties

‘ Measurement

: One System for
Modular, High Speed Al . .
for individually ogimizedE:lspection I—ab; Pilot- and Mass pI'OdUCtIOH

AIMI C AIMI D AIMI SC
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° o O e o ° o N
drschenk / B www.linkedin.com/com
www.drschenk.com www.drsc en_ .com/e www.drschenk.com pany/dr-schenk-gmbh-
vents/event-list.html /[contact.html

industriemesstechnik

O]

O] O]

Jochen Sander

Product Management ,New Energy*“
Phone: +49-89-85695-0
Mail: jochen.sander@drschenk.com
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