Feature: Individual measurable property or characteristic of a
phenomenon being observed



Feature Example
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Acceleration (m/s?)

X| -1.4 Left-right
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y| 0.4 — Circle

Z| 9.6 Idle
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1 (X, Yy, z) accelerometer point Many (X, y, z) accelerometer
from “left-right” sample points from all classes

left-right
up-down
circle
idle
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.2 second window
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Feature Example

'
Acceleration (m/s?)
-1.4 -1.4 -2.8 -3.4 -4.0
0.4 0.4 0.1 0.2 0.3
0.6 0.6 9.9 0.7 0.8

125 samples for each axis

6240
>,
Left-right
— Up-down
— Circle
\ Idle
>

>

375 total inputs to the model!
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Problems with deep learning

High-dimensional inputs

1. Computational complexity

2.Requires lots of training data ULV

Neural network for
extracting features

!

Neural network for
classifying

— 7 N

Class 1 Class 2 Class 3 Class 4
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Feature Example

.2 second window

15
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Acceleration (m/s?)

> Xams = D.7 M/s? (RMS)
X|-1.4|-14|-28|-3.4|-4.0] - = _ Left-right
»| Feature extraction: |yg,s=1.2 m/s? (RMS) Up-down
yl04104]01]02]0.3 >l Calculate RMS for .
> each axis Zrus = 9.9 m/s? (RMS) Circle
z| 9.6 19619997 |98 < Idle
>

375 raw values 3 model input values
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X Axis

accX RMS

circle
idle
left-right
up-down

Y Axis

accY RMS
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Z AXis

accZ RMS




m/s? 1

Time domain
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0.00 22400 44800 672.00 896.00 1120.001344.00 1568.001792.00
l ms

Feature extraction:
FFT

m/s?
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Frequency domain

0.00 1.02 2.05 3.07 410 5.12 6.15 7.7
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m/s?

m/s?
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Power Spectral Density (PSD)

4.88

5.86

6.84
Hz
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Feature E le-3
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FET le-6
le-7
. 1 0.00 0.98 1.95 2.93 3.91
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3 Feature
2 extraction:
1 PSD
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Feature Example

.2 second window
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11 features per axis: RMS, 3x peak
amplitudes from PSD, 3x peak
frequencies from PSD, 4x spectral bins

Acceleration (m/s?)

>
x|-1.4|-14|-2.8|-3.4|-4.0]| - =l Feature extraction: eft-right
; Up-down
y| 04 (04|01|02]|0.3 E RIS el Power 33x features g
> Spectral Density Circle
z| 96969997098 > (PSD) dle
>

375 raw values
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Feature Example

.2 second window

07N NIR | STAN AN NP A NI AMTA S S
YR AR V4l A VAR VAR VAR “ A ¢ A VA VA VARV

-15

11 features per axis: RMS, 3x peak
amplitudes from PSD, 3x peak
frequencies from PSD, 4x spectral bins

Acceleration (m/s?)

>
x|-6.8|-5.6|-4.6|-4.1|-3.8 =l Feature extraction: Left-right

: Up-down
y|-01|02]07 0907 7 RMSand Power 1 g3, feqpyres g

> Spectral Density Circle
z|10.4(10.3/10.2/10.1| 9.6 > (PSD) dle

>

375 raw values
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