AlWizard™
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APPLIED RESEARCH

Development of deep technology bricks through public
funding

Valorization through direct industry mandates
following a full cost model (time and material)

TECH TRANSFER
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and successes

Consumer goods

Transportation \

/ Watchmaking

Industrial
Semiconductors income

per market
segment
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Medical, sport
& life sciences
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Energy & the environment

Industrial automation,

metrology & robotics Space & scientific

instrumentation



Technologies in focus at CSEM
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Industry 4.0 & Machine Learning

Quality and Predictive Digital
Process Control Maintenance Manufacturing

« Highest Efficiency and Perfect Quality »
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Thermal Analysis

A group of technigues in which a
physical property of a substance.is -
measured as-a function of temperature '
whilst the substance issubjected to a
controlled temperature program

ICTAC

International Confederation for Thermal Analysis and Calorimetry
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Evaluation

Many users struggle with:

A Effect or artifact?
A What effect is it?
A Begin and end of an effect?

PET Measurement

40 60 80 100 120 140 160 180
DEMO Version

Today a manual,
time -consuming process

30.05.2022 14:28:54 PET Evaluation 30.05.2022 14:27:23
Crystallization
Integral 893.30 mJ
normalized 38.57 Jg"-1

Melting
Integral -918.53 mJ
nomalized -39.66 Jg"-1

Glass Transition
Onset 82.69 °C
Midpoint ISO 81.64°C
Midpoint Richardson 73.75°C
Delta cp Richardson 0.353 Jg*-1K*-1
PET, annealed at 65 °C for 10 h

- 1T Tt
40 60 80 100 120 140 160 180 200 220 240 260 280 °C

PET, annealed at 65 °C for 10 h

200 220 240 260 280 °C
STAR® SW 17.00 T3

DEMO Version STAR® SW 17.00 T3
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Wg*-1 | Sample: Honey with water (32%) (Food), 27.7040 mg 4 Sample: Honey with water (38%) (Food), 10.5210 mg

Crystallization

Integral 12425 mJ
-0,15 normalized 11.81 Jg*-1
Peak -30.85°C

H

Melting
Glass Transition with Relaxation ~ Integral -3.95 mJ " ] A
e e on normalized -0.14 Jg-1 g:ass Hans!:!on with Relaxati
Onset 7375°C Peak -26.67 °C o] Ona::t ans IO_I;Z 97 °C
Midpoint IS0 -70.23 °C Left Limit -37.14°C Midpoint ISO _79.91 °c
DeltacpISO  0.879 Jgr-1K~-1  RightLimit  -19.18°C DeltacpISO  0.847 JgA-1KA-1

Melting

Integral -126.94 mJ
normalized -12.07 Jg*-1

Peak -21.15°C

Left Limit -26.39 °C

RightLimit -7.14°C

20 110  -100 -90 -80 =70 -60 =50 -40 20 110 =100 -90 -80 =70 -60

Sample: Honey with water (48%) (Food), 13.6850 mg Sample: Honey with water (42%) (Food), 8.3520 mg

0,2
0,41
N Melting

0,44 TR — Integral -390.82 mJ

0,2 Crystallization normalized -46.79 Jg*-1
Integral 387.63 mJ Peak -19.33°C

Glass Transition with Relaxation B — normalized 46.41 Jg*-1 P o
. - Left Limit -37.33°C
0,6 Glass Transition 0,01 Peak -42.43 °C ; P : o
Onset .50.05 °C Right Limit 11.22 °C
MidpointISO -56.14 °C
Delta cp I1SO  0.529 Jg*-1K*-1 0,21

Melting

Integral -1165.84 mJ 0,41

04 normalized -85.19 :Jg"-1 Glass Trans!t!on with Relaxation
’ Peak -13.04 °C Glass Transition

LeftLimit  -47.69°C -0,6 Onset -87.69 °C

Right Limit  -4.33°C Midpoint ISO -84.56 °C

a2 s 0,81 Delta cp ISO  0.880 Jg*-1KA-1

-1,01

1,41

T T T T T T T -1,2 T T T T T T
=120 110  -100 -90 -80 =70 -60 =50 =120 110 =100 -90 -80 =70 -60
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Complexity without limits

TPNRL_PAG6 (Thermoplastics)

09.12.2019 15:40:14

-104

-154

1 Sample: PA6 (Thermoplastics), 11.1080 mg
PA: Polyamide

Glass Transition (GTGEH)

Glass Transition

Onset 185.08 s
MidpointISO 21297 s
Left Limit 128.08 s
Right Limit 392.52s
Type sigmoidal

4

%% GTGEH,CLCDH,MPCPH,ARTIC,CLCPC,ARTIC,ARTIC,GTREC,ARTIC,GTGEH,MPCPH

Cold Crystallization (CLCDH)

2119 mJ
1.91 JgA-1
658.21s
861.28 s

Integral
normalized

Left Limit

Right Limit

50 100

150

200

Crystallization (CLCPC)

Integral 934.29 mJ
normalized 84.11 Jg*-1

Left Limit 2181.36s

Right Limit 299296 s

Artifact (ARTIC)

MinMax
Min 5.48 mW
1733.00 s
5.58 mW
1739.00 s
Left Limit 1729.93 s

Right Limit 1739.19 s

Melting (MPCPH)

Integral
normalized
Left Limit
Right Limit
250

-898.38 mJ
-80.88 Jg"-1
861.28 s
1302.29 s

300 250

200

Artifact (ARTIC)

MinMax MinMax
Min 4.03 mW Min

at 2819.00 s at
Max 4.09 mW Max

at 2814.57 s at
Left Limit 281457 s Left Limit
Right Limit 282214 s

Glass Transition (GTREC)

Glass Transition

Onset 301195s
MidpointISO  3159.50 s
Left Limit 2998.39 s
Right Limit 3257.74 s
Type sigmoidal

150 100 50

Artifact (ARTIC)

.71 mwW
2931.00s
3.78 mW
2927.83 s
2927.83 s

Right Limit 2935.37 s

Artifact (ARTIC)

MinMax
Min

at
Max

at
Left Limit
Right Limit

3.54 mW
301716 s
3.57 mW
3008.78 s
3008.78 s
301716 s

Glass Transition (GTGEH)

Glass Transition
Onset
Midpoint ISO  3441.53 s

L

eft Limit

Right Limit
Type sigmoidal
»

3414.14s

3357.47s
3606.32 s

Melting (MPCPH)

Integral

normalized

Left Limit
Right Limit

50

100

-1232.95 mJ

-111.00 Jg*-1
3685.84 s
4552.03 s
150 200 °C

| T TN N SN SN SN SR S S S '

0

200 400 600 800 1000

1200

1400
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2600 2800 3000
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4000 4200

4400 4600 4800 s

DEMO Version

STAR® SW 16.20
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Algorithm Pipeline

Raw Signals

Segmentation

Separation

Classification

LF e

3

Type: CC
Left: 235°C
End: 150°C

Type: MT
Left: 170°C
End: 255°C



Rare Data

16 material groups .
27 possible effect types ﬁt,,.,

Data from devices up to

Too much variation for too little datal
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Expert Evaluation

A109 Curves with AlWizard network:

Evaluation Total

Good

Medium
Bad

AScenarios where algorithm fails:
A Multiple detections for same effect
A High dynamic curves

A Artifacts arising from device get detected as effect

Perc.
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Solution ?

A Large number of machine  -learning approaches tested
A Promising architectures, but always severe overfitting

A Not enough data to really learn chemical behavior
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Integration

A AlWizard is integrated in MTs software suite STARe
A Challenging integration: ~ STARe was released in 1992
A Inferencing < 1 sec modern laptop

A No GPU required

Qa%h® 5 FDUC42_Honey, with Additional METTLER) - METTLER TOLEDO STARe Evaluation Software |
TA Math DSC DMA Eve cro ettin
= ' e IR ENERE
= = i I 2=l = = R = = x
Open Save Delete Search AssignTo Assign To ) — Import/Export  Signatures Signatures Plot Print Plot Print Generate Preview Evaluations Design Delete
As Categories Material Cla: E. - nts 4 on Curve on Evaluation Preview Preview Template Template

Melting
e Integral -390.82 mJ
Crystallization normalized -46.79 Jg*-1
Integral 387.63mJ Peak -19.33 °C
normalized 46.41 Jg*-1 Left Limit -37.33°C

Peak Right Limit ~ -11.22°C

Glass Transition with Relaxation
Glass Transition

Onset -87.69 °C
MidpointISO -84.56 °C

Delta cp ISO  0.880 Jg*-1K*-1
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Market Introduction

Sales & service training April 2022

Customers are very interested and provide
new data for future neural network
Improvements

First paying customer orders received J

METTLER  TOLEDO Products & Solutions Industries  Services & Support Events & Expertise AboutUs Contact Us

Knowledge and Expertise Resources ~ AlWizard — Artificial Intelligence for Thermal Analysis

AlWizard — Artificial Intelligence for Thermal
Analysis

Enhance Your Laboratory’s Automation Capabilities

™ is a revolutionary artificial int Al) solution for thermal

ysis result evaluation and thermal fication AlWizard - Autonomous Processing

of Thermal Anclysis Meosuremenis

evaluati
enabling the

mal Analysis Option

more about A

Learn about the AlWizard in our short video.

AlWizard Neural Network Download

Follow the link below and go to the AlWizard™ tab to download the relevant neural network for your STAR® software version

Prerequisite: AlWizard option in the STAR® software

AlWizard Neural Network Download
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AlWizard™

Aufonomously idenfifies

and evaluates all types
of thermal effects

Link Video
2 CSem

METTLER TOLEDO Laboratory Solutions



https://youtu.be/6c0EGaawop0
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Contact

Philipp Schmid

Head Industry 4.0 & Machine Learning
philipp.schmid@csem.ch

M +41 78 769 86 78

CSEM SA
WWW.csem.ch
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