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Data can serve to benefit immediately when collected.
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| Performance Measurement

Manual state logging (human operator).

- Prone to error, tedious, iInaccurate.

Automatic logging inferred directly from sensory data.

Accurate, tireless, more types of states can be defined.
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| Process Deviations — Quality Fluctuations

- Alarms on thresholds are sometimes not enough to avoid quality drops.

- We can monitor the shape of process data and raise smart alarms.

- All the sensors combined create that shape.
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| Shapes in Context

- Quality measurements do not contain enough information by themselves.

- Process’ shape can be connected to the quality measurement to select the

best performing shape.
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MOD — Motif
Discovery Tool

sub-class no. 73 sub-class no. 234 sub-class no. 31 sub-class no. 176
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| Process Data

Process Data
100
—— R1 (MOhm)
~— R7 (MOhm)

e e CO/air gas mixing platform
composed of 14 (MOX) gas
concentration sensors (only 3

visualized) — batched
« One data channel per sensor
L « Segmentation of batches by
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| Motif — Definition

Motif is a subsequence that appears at least twice in (multichannel) timeseries.
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| Motif — Example (Occurence)

Detected Motif - R1 (MOhm) Detected Motif - R7 (MOhm) Detected Motif - R14 (MOhm)
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- Motif's shape spans across all 14 channels (sensors)
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- We visualize here only 3 channels (R1, R7, R14) for clarity
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Motif — Similarity Hierarchy

Motif 0

- Motif Discovery Tool builds

database of shapes (motifs
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Performance

Measurement of
Device

Downtime
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| Automatic Availability

Detected Motifs in Time Series and Machine States - By MOD

80

20 A

—— R1 (MOhm)
—— R7 (MOhm)
—— R14 (MOhm)

\ 4

Uptime 4

Unscheduled

T
00000

T
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T
00000

Translate detected
motifs into device
states (Uptime,
Downtime,
Unscheduled).
Example contains 2
kinds of Uptime.
Downtime wraps each
Uptime.

Therestis
Unscheduled.

Reliable metric.
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| Manual vs. Detected Availability of Device

= Uptime
= Downtime

Automatic

= Unscheduled
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= Unscheduled

« Manual is correct only 41% of the time
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Selecting desirable

motif shape

sub-class no. 73 sub-class no. 234 sub-class no. 31 sub-class no. 176
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| Motif Shapes in More Detail

sub-class no. 73 sub-class no. 234 sub-class no. 31 sub-class no. 176 sub-class no. 230
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100 —— R7 (MOhm)
—— R14 (MOhm)
80
60
40 |
20- | | | -J
iy \ J L ] _ .
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Time [s] Time [s]

Time [s] Time [s] Time [s]

- Classes belong to the same program execution but their shape is a bit different.

- Certain shapes produce higher quality products than others.
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| Motif Shapes in More Detail

sub-class no. 73 sub-class no. 176 sub-class no. 234 sub-class no. 31 sub-class no. 230
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- Ordered by their respective output quality (higher ratio of OK parts).

- All these shapes are the same motif.
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| Association of Motifs with Quality

I - Notion of Motifs enables

Association analysis of

sequences shapes

-0.6959

- Connection of motifs and

B . I their product quality
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Data
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| Automating Performance Measurement

- Motif Discovery Tool automates the logging process based on
the process data.

. Performance estimate of the asset is reliable.
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| Quality and Motif Shapes

- Detailed analysis of motifs associates the motif shape to the

output quality rate.

. Execute shape that perform best.

Time [s] Time [s] Time [s] Time [s]

Quality of product
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| What to do next?

. Parameters of simulations can be updated by data.

Timing of operations, yield of operations, downtimes.

- Parameters tuning based on desirable motifs.

Pant Smulstion 15.2 - (ModelsMogeieny  SIEMENS - O x
,,,,,,,,,,,
& % B a8 =
3 mprson o o
...... !
[T e Tpre————————r—r
V- OE) P I EBEECHESEEN=00-204

0 | - — Elg “ E"Ti*.;‘l]f‘ e

uuuuu

[ C o) e
L B - ;
si ( D T B R
(€= !

[ :
I—— S 3 e 1| 1 Y ey [

o o m— ]

[ Pl

factoriol{::I:::I

solutions

factorioI::: :::I

solutions




| Workflow Overview

Data
Acquisition
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