Pattern detection & interpretation

from Web log files to machine vibrations
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Who am I?

- Z|&I (Jinhyuk Choi) Ph.D. @ KAIST M4tsta}
- Human-Computer Interaction / Machine Learning / Data Mining

- https://sites.google.com/site/choi31u/

- ETRI Moi31el KAIST Q141
- A0ME = 0|S9HOE fiet HIO|E Ofo|'d 7=
- Web & SNS Mining (usage analysis, text analysis---)

- Inforience @Daejeon (https://inforience.net/)
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https://sites.google.com/site/choi31u/
https://inforience.net/
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This seminar ?
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Increasing potential
to support
business decisions

End User
Decision

Making
Data Presentation Business
Analyst
Visualization Techniques

Data Mining Data
Information Discovery Analyst

Data Preprocessing/Integration, Data Warehouse

Data Sources DBA
Paper, Files, Web documents, Scientific experiments, Database Systems

LSS

Jiawei Han, Micheline Kamber, and Jian Pei, Data Mining:
Concepts and Techniques, 3rd edition, Morgan Kaufmann, 2011
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Exploration vs. Confirmation

Data is always incomplete

Data is objective, but its collection

and interpretation are subjective
Exploration vs. Confirmation

Any one set of data supports an in reality...

infinite number of narratives chAo| TRHE = ofC|0]|?

The accuracy and relevance of
data decay with time
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Can you interpret this?

Feb

Mér Abr Méy Jdn
° Candanedo LFeldheim VDeramaix D
Energy and Buildings (2017) 140 81-97
w \A\ L
Janl 13 Jan' 15 Janl 17 Jan I19
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Fig. 7. (A) Appliances energy consumption measurement for the whole period, (B) A closer look at the first week of data.

Candanedo L, Feldheim V, Deramaix D, Data driven prediction models of energy use of appliances in a low-energy house,
Energy and Buildings (2017), 140, 81-97
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http://www.mendeley.com/research/data-driven-prediction-models-energy-appliances-lowenergy-house
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“CoDIP 321 Realtime Analysis
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2 ways to teach CoDIP

Query
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Visual analysis

Automatic Pattern ot B
detection =
Query analysis i etz
Machine learning Ay —
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Markov Model
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Input
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An Empirical Evaluation of Generic Convolutional
and Recurrent Networks for Sequence Modeling
https://arxiv.org/abs/1803.01271
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K sensor inputs K sensor inputs

DeepSense: A Unified Deep Learning Framework for
Time-Series Mobile Sensing Data Processing

https://arxiv.org/abs/1611.01942
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CoDIP

Dynamic patterns, Analysis, Interpretation, & Collaboration---

CoDIP

W Raw Data

“Low Concentration”

EEG Data

My homeData

| | Sombody shouting”
- ata | Analysis _

-

Vs

Stock Data May hit the ceiling---

Science  Knowledge

Analysis  Experience
Algorithm
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Applying Deep Learning
to Anomaly Detection



Category  Annotations

N
e Normal
o Left/Right bundle branch block
e Atrial escape
o Nodal escape
S
e Atrial premature
e Aberrant atrial premature
o Nodal premature
e Supra-ventricular premature
Vv
e Premature ventricular contraction
e Ventricular escape
F
o Fusion of ventricular and normal
Q

e Paced
e Fusion of paced and normal
o Unclassifiable

stacked LSTM : 94.6%

confusion matrix:

[[737 38 9 12 4]
[ 45 732 15 3 5]
[ 14 4 759 18 4]
[ 9 6 16 769 0]
[ 6 2 4 0 788]]

ECG classification

class N

1 M
0+

0 50 100 150
class S
1 M
0+ r . 4—J
0 50 100 150
class V
| M
0 v :
0 50 100 150
class F
| ‘LJ
01— ;
0 50 100 150
1 classTQ
"~ ™
ol . R
0 50 100 150

confusion matrix:
[[800 0 0 0 0]
[131 665 4 0 0]

0 0 1e s o) Classification

[ 9 0 0 0 791]]

VS.
1D-CNN : 94.4%  [allelaat=1\Ae 1i=Te1ilo]g
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Anomaly in Machine Vibration
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CRNN

8 confusion matrix:

6 [[35 0]

. [ 6 29]]

2 roc auc score:

0 ' 0.9142857142857144
0 5 10 15 20 25 30 35
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Anomaly in Machine Vibration

1D-VAE

Raw Signal RMS

2D-VAE

Nishchal K. Verma, R. K. Sevakula, S. Dixit and A. Salour, Intelligent Condition
Based Monitoring using Acoustic Signals for Air Compressors,
IEEE Transactions on Reliability, vol. 65, no. 1, pp. 291-309, 2016.

Raw Signal Mel-Spectrogram

NORMAL NORMAL
ANOMALY ANOMALY
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1D-VAE 2D-VAE
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+++++Total Results++++++ +++++Total Results++++++

Accuracy: 0.9690265486725663 Accuracy: 0.9778761061946902

Fl score: (0.9688888888888889 Fl score: 0.9777777777777777

Recall: 0.9646017699115044 Recall: 0.9734513274336283

Precision: 0.9732142857142857 Precision: 0.9821428571428571
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Anomaly in Machine Vibration
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ROC-AUC

ROC-AUC

Anomaly in Machine Vibration
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What about your data &
your application?



What about your data & your application?
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What about your data & your application?
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The most important step!!!

ProductZ 2=+ Zi0| B} OfL|CE,
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What about your data & your application?

O AR (HIFZ710] Al 7|s= Ao YRL HIZLIAN MU=z g3g + U=71?

HlolE] MKt / Enlol X|A| RQX}

Pattern Detection & Interpretation

Application Development
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What about your data & your application?
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