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ABSTRACT

Recently, human activity recognition has been actively studied with smart phone and wearable devices using
machine learning. Most human activity recognition techniques, however, consider active activities only such as
walking and running. Using smart watch, this paper proposes a new human activity recognition technique which
can recognize in-active activities in daily life such as relaxation, office work, and reading, as well as active
activities. An experiment was performed to collect realistic smart watch data from a range of activities of daily
life. The experimental results showed that the proposed machine learning model can achieve the maximum

prediction rate of 93%.
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Fig. 1. Wearing the smart watch
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Table 2. The number of experimental data

e~ dlole] AlE #1 dlole] AlE #2
B1 52445 10067
B2 26577 10201
B3 16221 11258
B4 15433 15634
BS 33758 17950
B6 38503 7454
B7 7415 2950
B8 5901 4613
B9 13655 11918

B10 1720 4534
B11 21674 6611
Total 233302 103191
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‘ Predicted Class
‘ Bl | B2 B3 | B4 | BS | B6 ‘ B7 | BS | BY | BI0 | Bl

Bl |0.973  0.013  0.00 | 0.012 ‘0‘001 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 0.910 | 0.00 | 0.00 | 0.00 | 0.090 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B3 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
B4 | 0.018 ‘ 0.00 | 0.00 | 0.982 l 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B5 1 0.029 |0.309 | 0.00 | 0.00 0.662 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B6 | 0.016 |0.020 | 0.00 | 0.00  0.005 0.839 | 0.00 | 0.00 | 0.113 | 0.00 |0.008

B7 | 0.00 | 0.00 | 0.00 | 0.00  0.00 0.022 | 0.00 | 0.00 | 0.978 | 0.00 | 0.00

Actual Class

B8 | 0.00 | 0.00 0.042 | 0.00  0.00 | 0.00 | 0.00 | 0.00 |0.958 | 0.00 | 0.00

B9 | 0.00 | 0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B10 | 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B11 | 0.614 ‘ 0.00 | 0.00 | 0.00 | 0.007 ‘0.061 ‘ 0.00 | 0.00 |0.021 | 0.00 |0.297

a2l 7. "ol A= #19] A4 Er] nd Az}
Fig. 7. DT result of dataset #1

‘ Predicted Class
‘ Bl | B2 B3 | B4 | BS | B6 ‘ B7 | BS | BY | BI0 | Bl

B1 |0.951 0.017 | 0.00 |0.016 ‘0‘012 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 0.949 | 0.00 | 0.00 | 0.00 | 0.051 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B3 | 0.00 | 0.00 [0.988  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.012

g

0.020 ‘ 0.00 | 0.00 | 0.980 l 0.00 | 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00
Bs | 0.021 ‘ 0.00 | 0.00 | 0.00 0977 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.002

B6 | 0.009 | 0.00 | 0.00 | 0.00  0.00 0.989 | 0.00 | 0.00 | 0.00 | 0.00 |0.002

B7 | 0.00 | 0.00 | 0.00 | 0.00  0.00 0.075 | 0.587 | 0.331 | 0.007 | 0.00 | 0.00

Actual Class

B8 | 0.00  0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00 | 0.00

B9 | 0.00 | 0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B10 | 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00

B11 | 0.204 ‘ 0.00 | 0.00 | 0.00 | 0.045 ‘0.101 ‘0.017 0.00 | 0.00 | 0.00 | 0.633

2! 8. dHolE] AlE #19] WY FHAE wel Az}
Fig. 8. RF result of dataset #1

‘ Predicted Class
‘ Bl | B2 | B3 B4  BS | B6 ‘ B7 | B8 | B9 | BI0O | BIl

B1 |0.970  0.016 0.00 | 0.002 ‘0.011 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 0.990 | 0.00  0.00 | 0.00 | 0.010 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B3 | 0.00 | 0.00 |0.976 @ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.024
B4 | 0.050 [ 0.00 | 0.00 | 0.950 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Bs | 0.026 |0.003 | 0.00 | 0.00 0.971  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B6 | 0.009 |0.002 | 0.00 | 0.00  0.00 0.983 | 0.00 | 0.00 | 0.00 | 0.00 |0.006

B7 | 0.00 | 0.00 | 0.00 | 0.00  0.00  0.083 |0.711 | 0.206 | 0.00 | 0.00 | 0.00

Actual Class

B8 | 0.00  0.00  0.00 | 0.00  0.00 | 0.00 |0.150 |0.850 | 0.00 | 0.00 | 0.00

B9 | 0.00 | 0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B10 | 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00

B11 | 0.316 ‘ 0.00 | 0.00 | 0.00 |0.110 ‘0.092 ‘0.015 0.00 | 0.00 | 0.00 |0.466

J8 9. dleofe] AlE #19] AxE W wal 2d A}
Fig. 9. SVM result of dataset #1
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‘ Predicted Class ‘
‘ Bl | B2 B3 | B4 | BS  B6 BT | BS ‘ BY ‘ B10 | Bll ‘

B1 ‘0.902 ‘ 0.00 | 0.00 | 0.00 |0.098 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 [0.908 | 0.00  0.00 | 0.00 0.092 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
0.00 | 0.00 | 1.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00

0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

g

g

B5 1 0.006 | 0.00 | 0.00 | 0.00 0.982  0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.012

B6 | 0.009 | 0.252 |0.013 ‘ 0.00 | 0.00 | 0.664 | 0.00 | 0.00 | 0.00 |0.061 | 0.00

B7 | 0.00 | 0.00 | 0.00 | 0.00  0.00  0.00 | 0.00 | 0.00  0.00 | 1.00 | 0.00

Actual Class

BS | 0.00 | 0.00 |0.324 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.676 | 0.00

B9 | 0.00  0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B10 | 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |1.00 | 0.00

Bi1 | 0.00 |0.519 |0‘410 ‘ 0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00 [0.070 @ 0.00

2

a2l 10. dele] AE #29 A4 Er| w9 Az
Fig. 10. DT result of dataset #2

‘ Predicted Class ‘
‘ Bl B2 | B3 B4  BS | B6 B7 B8 ‘ B9 ‘ B10 | Bl ‘

B1 ‘0.929 ‘ 0.00 | 0.00 | 0.00 |0.071 ‘ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 0.918 | 0.00  0.00 | 0.00  0.08 | 0.00 | 0.00 | 0.00  0.00 | 0.00
B3 | 0.00 | 0.00 | 1.00 | 0.00  0.00  0.00 | 0.00 | 0.00  0.00 | 0.00 | 0.00

B4 | 0.00  0.00  0.00 | 1.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B5 10.036 | 0.00 | 0.00 | 0.00 0.895[0.00 0.00 | 0.00 | 0.00 | 0.00 0.069‘

B6 [0.009 | 0.00  0.00 | 0.00  0.00 | 0.987 ‘0.002 0.001 | 0.00 | 0.00 | 0.00

Actual Class

B7 | 0.00 | 0.00 | 0.00 0.00  0.00  0.00 |0.980 |0.020 | 0.00 | 0.00 | 0.00

B8 | 0.00 | 0.00 | 0.00 | 0.00  0.00  0.00 | 0.251 | 0.749 | 0.00 | 0.00 | 0.00

B9 | 0.00  0.00  0.00 | 0.00  0.00 | 0.00 | 0.00 | 0.00 | 1.00 | 0.00 | 0.00

B10 | 0.00 | 0.00  0.00  0.00  0.00 | 0.00 | 0.00  0.00 | 0.00 | 1.00 | 0.00

Bi1 | 0.00 | 0.184 |I).193 |Il.009 ‘ 0.00 | 0.029 ‘ 0.00 | 0.259 ‘ 0.00 | 0.00 |0.327 ‘

2 11, dlolg] AlE #29] Ay e 2 Az}
Fig. 11. RF result of dataset #2

‘ Predicted Class ‘
l Bl B2 | B3 B4  BS | B6 B7 B8 l BY l B10 | BIl ‘

B1 | 0.857 | 0.00 | 0.00 | 0.00 0.143  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B2 | 0.00 0.898 | 0.00  0.00 | 0.00 0.101 I0.0IJ 0.00 | 0.00 | 0.00 | 0.00

B3 | 0.00 | 0.00 |1.000 @ 0.00  0.00  0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

B4 | 0.00  0.00  0.00 | 1.000 l 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
BS 70.006 0.00 | 0.00 | 0.00 0931 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.062
T 0.00 1 0.027 | 0.00 [ 0.00 | 0.00 | 0.939 |0.006 | 0.00 | 0.00 [ 0.00 | 0.028
B7 1 0.00 | 0.00 | 0.00  0.00 | 0.00  0.00 |1.000  0.00 | 0.00 | 0.00 | 0.00
BS | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 .04586 0.310 | 0.10 | 0.00 | 0.00 ‘
BY | 0.00 | 0.00  0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 |1.000 | 0.00 | 0.00
B10 1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 1.000 0.00 ‘

Bi1 | 0.00 0333 0.299 | 0.00 | 0.00 | 0.00 | 0.00 |0.254  0.00 | 0.00 |0.114

a2l 12. dlele AE #9] AxE wE vl md Az
Fig. 12. SVM result of dataset #2
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