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Condition Monitoring Data

Industrial Asset

Monitoring Device: Strain Gauge Sensors &
Accelerometers

Monitoring Device: Accelerometer
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1] https://www.wychbearings.co.uk/618-8_skf_open.html

[2] https://www.emag.com/workpieces/railway-wheel.html
3] https://skandbaunews.e-Is.de/2017/09/29/gleisbau-26-500-neu-eingebaute-schwellen-zerstoer
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Factors of Variations in Condition Monitoring Data

Distinguishing these factors can be difficult

Controlable Factors Uncontrolable Factors Health Factors

Operating Conditions, Environmental Factors, Fault Types, Fault

New Components, Severities,

| @) Ambient Faults are rare
Different loads % Temperature
s Fault data not available
Different loads, i Lighting,
g ; Background
velocities

Often the available dataset is not representative!

Data-driven fault detection and diagnostics model fail!
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Objective

Objective 1: Objective 2:

Invariance to any fluctuation caused by «other» factors Sensitivity to Faults

Controlable Factors Uncontrolable Factors Health Factors

Operating Conditions, ... Environmental Factors, ... Fault Types & Severities, .
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Feature Learning

E’HZUHC"J Intelligent Maintenance Systems

Feature
Space

Objective 1:

Model invariant to
“other” factors

Objective 2:

Model sensitive to
faults
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Contrastive Feature Learning — Triplet Loss

Objective 1:

Feature Space

Model invariant to
“other” factors
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Objective 2:

Model sensitive to
faults
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Methodology

Train a Feature Encoder Network with »CT'r'iplet

Raw Data o
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Feature Space

1) Classification

2) Clustering

Cluster 0

fg'
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Objective 1:

Model invariant to
“other” factors

Objective 2:

Model sensitive to
faults
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Applications

Objective 1. Objective 2:

Model invariant to Model sensitive to
“other” factors faults

Data Representation

Difficulty
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Applications

Sufficient data from
«other» factors

All Fault Data Available

E’HZUHC"J Intelligent Maintenance Systems

Objective 1. Objective 2:

Model invariant to Model sensitive to
“other” factors faults

Limited data from
«other» factors

Limited fault data

Limited data from
«other» factors

No Faults Data

Difficulty
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Applications

Objective 1: Objective 2:

Model invariant to Model sensitive to
“other” factors faults

Classification Limited data from
«other» factors

Sufficient data from Limited fault data
«other» factors

All Fault Data Available

Limited data from
«other» factors

No Faults Data

Difficulty
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Application 1: Defect Type Classification of Sleepers

Objective 1:
Train a Feature Encoder Network with ET'r‘z’plet

Model invariant to
“other” factors

Feature Space

Raw Data g —
Objective 2:

Model sensitive to
known faults

1) Classification

Scenario:;

All fault types known
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Application 1: Defect Type Classification of Sleepers

Objective 1:

Model invariant to
“other” factors

Objective 2:

Model sensitive to
known faults

Healthy Cracks Spalling

Scenario:;

All fault types known
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Results Application 1: Defect Type Classification of Sleepers

Classification
T
acc + 13% accuracy gain
CLE 81%
TE 94%
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Applications

Objective 1: Objective 2:

Model invariant to Model sensitive to
“other” factors faults

Classification &
Detection

Limited data from
«other» factors

Sufficient data from Limited fault data

«other» factors

All Fault Data Available

Limited data from
«other» factors

No Faults Data

Difficulty
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Methodology

Objective 1:

Train a Feature Encoder Network with ETm'plet

Model invariant to
“other” factors

Feature Space

Raw Data > Objective 2:

Model sensitive to
known and novel

faults
1) Classification 2) Clustering
N Ty Scenario:
adoe
, # o Limited data from «other» factors
Limited fault data
OPTICS
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Experiments Conducted on CWRU Dataset (Bearing)

4 Different Operating Conditions (OC - Loads)

Load O Load 1 Load 2 Load 3

Healthy Healthy Healthy Healthy

Ball Faults | Severity2 | Ball Faults
Ball Faults Seventy 2 Ball Faults
| Severity3 |
| Severityl |
|nnel’ Race Severity 2 |nner Race . |nnel‘ Race Inner Race SEVE A
Faults m Faults Severit 2
. | Faults e Severity 2
| Severityl |
Outer Race Outer Race Outer Race Outer Race —
everi ]
Faults Faults verl Faults Severity 2 Faults
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Case Studies

Objective 1:
Model invariant to “other” factors

Case Study 1.

Load O Load 2 Load 3
Train Models on a

subset of the OC

Load 3 Evaluate Models on
 Known OC
Load 1 * Novel OC

Load O Load 2
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Objective 2:
Model sensitive to known and novel faults

Case Study 2:

Train Models on a
subset of the faults

Evaluate Models on
« Known Faults
 Novel Faults
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Case Study 1. Classification and Clustering Results on Various
Operating Conditions

Compact Class Clusters in

Objective 1: _
the Triplet Encoder feature

space despite changing OC

Model invariant to “other” factors
Softer Color represent

data recorded under

Case Study 1: «novel» OC
: 5 v . )
Train Models on a - ) K, Py o ¥
subset of the OC R e Y. w | iy @ o
e L h Y W
_ A .
Evaluate Models on 7 P 5
. Classifier Encoder Triplet Encoder
Known OC CLE) 1E)

* Novel OC
TSNE Plots of the Different Feature Spaces
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Case Study 1: Classification
Operating Conditions

and Clustering Results on Various

Objective 1. L / . L .
o S T . B 8 o
Model invariant to “other” factors S Tk B wRi ' ‘3 a W | " - Tk
R 2an [T P
v ’ ) t-50 ‘ :_:“:“ t-s0
Case StUdy 1: 100 55 %0 3 6 s % s w0 F = - = —100
Classifier Encoder Triplet Encoder
(CLE) (TE)
Train Models on a TSNE Plots of the Different Feature Spaces
subset of the OC Known Novel
OC ~. Classification (OC Clustering—OPTICS
(1) (1,) ~ T TUT,
acc c AMI AMI
Evaluate Models on CLE  100%  99% 149% 23%
« Known OC TE  100% 100% 98% 97%

* Novel OC

Classification and Clustering Results
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Case Study 2: Classification and Clustering Results with Novel

Faults

Objective 2:

Model sensitive to known and novel
faults

Case Study 2:

Train Models on a
subset of the faults

Evaluate Models on
« Known Faults
 Novel Faults
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949% of the detected outliers

novel faults
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Classifier Encoder Triplet Encoder
(CLE) (TE)

TSNE Plots of the Clustered Feature Spaces
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Case Study 2: Classification and Clustering Results with Novel

Faults

Objective 2:

Model sensitive to known and novel
faults

Case Study 2:

Train Models on a
subset of the faults

Evaluate Models on
« Known Faults
 Novel Faults
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Classifier Encoder Triplet Encoder
(CLE) (TE)

TSNE Plots of the Clustered Feature Spaces

Known Novel
Faults ~ Classification [Q|J|tS  Clustering—OPTICS
2 (r) ()~ T TUT,
acc acc AMI AMI
CLE 100% 0% 7% 7%
TE 100% 0% 96% 73%

Classification and Clustering Results
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Summary & Outlook

Objective 1: Objective 2:

Model sensitive to
faults

Model invariant to
“other” factors

Anomaly
Detection

Limited data from
«other» factors

Sufficient data from Limited fault data

«other» factors

All Fault Data Available

Limited data from
«other» factors

No Faults Data

Difficulty

E’HZUHC"J Intelligent Maintenance Systems 22.09.2021 22



Thank yout
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