
†1,a) †1 †1,b) †1,c)

3 7

F-Score 46.9%

Raspberry Pi 3

4

1.

[1], [2]

QoL Quality of Life

[1] ?

[3], [4]

[5], [6]

8

†1

Presently with Nara Institute of Science and Technology
a) misaki.shinya.mq9@is.naist.jp
b) manato@is.naist.jp
c) yasumoto@is.naist.jp

79.4%

28%

[7]

10 m
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0Hz 5Hz 3

45.9 %

45

[8]

7

7

46.9% [7]

2.

[9], [10]

[3], [4], [11]

[12], [13], [14]

2.1

[9], [10].

Uddin [9]

.

5 96.50%

2.2

[3], [4], [11]

[3]

10 79.7%

2.3

90 %

[13]

Bao [14] 5

8

5

3.

3.1

3

1

2

3

1
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1

2

3.2

1 2

1(a) 2(a)

1(b) 2(b)

2(c)

45

fd v

f0 θ

c fd

fd =
2vf0 cos θ

c
(1)

1

3.3

[7] PC

3

3

PC PC

PC 2

PC

PC

3.4

3.3.1

3.3.2

3.3.3

3.4.1

4

1 cosθ

[7] 100Hz

24GHz 1

0.31m/s

500Hz
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3

1
(T:Time, F:Freq.)

mean(s) Arithmetic mean s̄ = 1
N

∑N
i=1 si T F

std(s) Standard deviation σ =
√

1
N

∑N
i=1 Γsi − s̄Γ2 T F

mad(s) Median absolute deviation medianiΓ | siΓ medianjΓsjΓ | Γ T F

max(s) Largest values in array maxiΓsiΓ T F

min(s) Smallest value in array miniΓsiΓ T F

energy(s) Average sum of the square 1
N

∑N
i=1 s

2
i T F

sma(s1 s2 s3) Signal magnitude area 1
3

∑3
i=1

∑N
j=1 |si,j | T F

entropy(s) Signal Entropy
∑N

i=1 Γci log ΓciΓΓ, ci = si/
∑N

j=1 sj T F

iqr(s) Interquartile range Q3ΓsΓ−Q1ΓsΓ T F

autorregresion(s) 4th order Burg Autoregression coefficients a = arburg Γs, 4Γ, a ∈ R4 T

skewness(s) Frequency signal Skewness E[Γ s−s̄
σ

Γ3] F

kurtosis(s) Frequency signal Kurtosis E[Γs− s̄Γ4]/E[Γs− s̄Γ2]2 F

maxFreqInd(s) Largest frequency component argmaxiΓsiΓ F

velocity(s) Target velocity maxFreqInd·c
2f0 cos θ

F

meanFreq(s) Frequency signal weighted average
∑N

i=1(isiΓ/
∑N

j=1 sj F

N signal vector length Q Quartile T Time domain features, F Frequency domain features.

3.4.2

7

3

Time-window

Time-window

Time-window 2

2

FFT Fast Fourier transform

0Hz

3.2

0.5Hz

0.003m/s 0.5Hz

1

[8]

1

1

maxFreqInd(s)

3.4.3

Python

Scikit-learn

Random Forest

4.

4.1

[7] 2

4

200

IPM-165-A01

24GHz [7]

NJR4178J 10GHz
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4

5

(1)

4.2

5

A/D

500Hz

CSV A/D

Microchip Technology MCP3208

Raspberry Pi 3

4.3

(1)

6

7

5.

6

5.1

7 2m

4 doppler 1, 2, 3, 4

45

PC

7 5

1

100Hz 500Hz

3 1

5.2

7

Time-window

Time-window

Time-window 2

100Hz 200 500Hz
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8 fs = 100Hz

9 fs = 500Hz

2 100Hz doppler 3

Precision(%) Recall(%) F-Score(%)

Eating 41.7 36.7 39.0

PC browsing 31.3 36.1 33.5

PC typing 28.1 28.1 28.1

Reading 32.3 31.0 31.6

Smartphone 33.3 32.0 32.7

Stationary 49.0 47.0 48.0

Writing 28.1 32.1 30.0

accuracy 34.8 34.8 34.8

weighted avg 34.8 34.7 34.7

1000

1

5.3

10

Precision, Recall, F-Score

Precision

Recall

F-Score F Precision

Recall

3 500Hz doppler 3

Precision(%) Recall(%) F-Score(%)

Eating 41.3 47.4 44.1

PC browsing 33.2 35.2 34.2

PC typing 44.1 42.3 43.2

Reading 44.7 42.4 43.5

Smartphone 47.0 47.6 47.3

Stationary 59.3 52.0 55.4

Writing 44.9 46.8 45.8

accuracy 44.9 44.9 44.9

weighted avg 44.9 44.8 44.8

F -Score = 2 · Precision ·Recall

Precision+Recall
(2)

6.

6.1

100Hz 500Hz

8

9 doppler 3

2 3

100Hz Stationary

F 48% F

34.7%

500Hz Stationary

F 55.4% F

44.8%

100Hz
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10 fs = 500Hz

11 fs = 500Hz

4 doppler 3

Precision(%) Recall(%) F-score(%)

Eating 42.1 47.6 44.7

PC browsing 35.5 38.4 36.9

PC typing 47.4 44.2 45.8

Reading 47.1 44.7 45.9

Smartphone 47.0 49.0 48.0

Stationary 60.7 53.5 56.9

Writing 46.5 47.7 47.1

accuracy 46.6 46.6 46.6

weighted avg 46.6 46.5 46.5

Stationary

500Hz

100Hz

500Hz

6.2

100Hz 500Hz

500Hz

5 doppler 3

Precision(%) Recall(%) F-Score(%)

Eating 42.5 48.4 45.2

PC browsing 35.3 37.9 36.5

PC typing 47.9 45.1 46.4

Reading 48.5 45.7 47.1

Smartphone 47.0 48.5 47.8

Stationary 61.0 53.4 57.0

Writing 46.1 48.4 47.2

accuracy 46.9 46.9 46.9

weighted avg 46.9 46.8 46.8

10

doppler 3 4

9 3 F

FFT

0 Amplitude

FFT

0.5Hz

11 doppler 3

5 F

46.9%
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7.

Amplitude

Stationary

Smartphone PC PC typing PC

PC browsing Reading

Writing Eating 7

Random Forest

F-Score 46.9%

Time-window

Raspberry Pi 3

500Hz

Arduino Mega

STFT Short-Time

Fourier Transform Wavelet

CNN
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