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Time Series Classification Pipeline Overview

* Implementation
° numpy
* sklearn
° saxpy
* Scalability
* 1M training samples
* 30 processes
* Test Accuracy

ﬁ * Fl1-score: 0.7376
* ~1 hour runtime
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Data Preprocessing Pipeline
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Channel Size: 4
Time Series Size: 148
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Normalized Difference Vegetation Index (NDVI)

NDVI Calculation Computed index in range [-1,1]
[-1,0) indicates a water body
[0,1] indicates extent of vegetation

190 181 194

Channel Size: 4
Time Series Size: 148

(x.nir—x.red)

NDVI (x)= (x.nir+x.red)
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Normalized Difference Vegetation Index (NDVI)

NDVI Calculation

Channel Size: 4
Time Series Size: 148
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Range Normalization

* Determine min and max values
5 * Linearly scale the data to [0,1]

Range Normalization
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Range Normalization

e Determine min and max values
5  Linearly scale the data to [0,1]

Range Normalization
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Time Synchronization

* Normalize dates
* Interpolate to 2D intervals
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Time Synchronization
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Observation Carrier

* Fill NaN values with neighbours
* Use predecessor/successor values

0 2 4 6 8 10 12
0.050 0.044 0.038 0.033 0.027 0.021 0.020

Observation Carrier , 1000 0983 0966 0949 0.932 0915 0904

\ " 061 065 0648 0641 0635 0628 0624

Channel Size: 4 *-------
Time Series Size: 148 2 0.421

-------

ST A A T AT

R A A R AR A1

0.600 0.590 0.580 0.571 0.561 0.551 0.553

Arik Ermshaus, Markus Richter - Distributed Multivariate Bag-of-Pattern Classification



Observation Carrier

e Fill NaN values with neighbours
* Use predecessor/successor values
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SAX Transformation

Source: https://github.com/seninp/saxpy

* Transform time series to sequence of letters
* Use fixed alphabet a = {a,b,c,...}, size |a|
* Use mean of disjoint/overlapping intervals
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Multivariate Bag-of-Pattern Feature Engineering
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Random Forest Classification

Random Forest Simplified
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Source: medium.com/@williamkoehrsen/random-forest-simple-explanation-377895a60d2d
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Things we tried, that didn’t work ...

2-6M data samples
Missing Data
Resampling

Cubic Splines
Moving Averages
Data Binning
Fourier Transform

tsfresh

Statistics

KNN, Extralrees
Logistic Regression
AdaBoost, SVM
Gradient Boosting
Model Stacking
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Scaling and Distributed Computation

Local Computation
n workers

NDVI
Time Synchronization
Observation Carrier

Global Computation
1 worker

Range Normalization

Channel Size: 4
Time Series Size: 148
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Scaling and Distributed Computation
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Dataset Overview

* FORMOSAT-2 images

* South West of France
(24 kmx24 km area)

* 2,4 GB time series data

3 surface reflectances
(NIR, Red, Green)

* 46 time stamps

* 24 land cover classes
cultivation
surroundings

Source: https://arxiv.org/pdf/1811.10166.pdf water
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Model Performance
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Scaling increases performance
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Model Performance Development
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Model Development Steps

Intermediate models must not
necessarily increase performance
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Model Performance by Class
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Class performance is independent
of class distribution
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Amount of Relevant Features

—»— Features
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Amount of relevant
features grows slowly
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Model Runtime
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Runtime explodes with
>100k samples
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Memory Peak Usage
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Memory explodes with
>100k samples
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Time Series Classification Pipeline Overview

* Implementation
° numpy
* sklearn
° saxpy
* Scalability
* 1M training samples
* 30 processes
* Test Accuracy

ﬁ * Fl1-score: 0.7376
* ~1 hour runtime

Arik Ermshaus, Markus Richter - Distributed Multivariate Bag-of-Pattern Classification



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

