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A Method for Predicting Occurrence of Daily
Living Activity within Specified Time and its

Evaluation using Smart Home Sensor Data*

Wataru Sasaki

Abstract

Activities of Daily Living (ADL) prediction is beneficial for better home service.
For example, if smart home can predict that next activity of the resident is
bathing, then it can automatically fill hot water into the bath. We need to predict
the next activity type and the time to the occurrence of the next activity in ADL
prediction. However, previous methods cannot be applied to appliance control as
a realistic service with anticipating resident, because mean absolute error (MAE)
is over an hour in each activity prediction. In this thesis, we propose to predict
the occurrence time of ADL by categorizing the time to some time ranges. It is
important to effectively categorize the time to the occurrence of the next activity

in this method. First, the time of the next activity occurrence is classified into 7

bR W

time ranges (classes): “Now,” “occur within 10 minutes,” “occur between 10 and

W RRANNA4

30 minutes,” “occur between 30 and 60 minutes,” “occur between 1 and 2 hours,”

“occur between 2 and 3 hours,” and “occur after more than 3 hours passed (or

7

not occur).” However, accuracy of ADL prediction will be low and thus not

useful, when categorizing the time of the next activity occurrence into many time
ranges. Thus, we simplify the time range for prediction into “activity is already

Y«

occurring,” “activity occurs within a specified time limit,” and “activity will not

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, March 15, 2019.
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occur within the time limit,” where we use, for example, 10 minutes, 30 minutes or
an hour for the time limit. We collected ADL dataset (including activity labels
on each 10 second) for 20 days in a smart home where sensors are ultrasonic
positioning system, Bluetooth watt checker, clamp-on CT (Current Transformer)
sensor, motion sensor, and ECHONET Lite ready appliance are deployed. For
each of 10 second data segments, we converted activity labels to the time ranges
to the occurrence of the next activity and extracted features from sensor data.
We constructed an LSTM model, and it achieved average prediction recall 33%
or more for three types activities with 30 minutes time limit (37.0%~53.8%),
and for four types with 1 hour time limit (37.0%~56.4%), out of 18 activities.
Additionally, we compared our ADL prediction regressor with previous work to
explore room for improvement of the proposed method. We collected new ADL
dataset (including activity labels on each 10 second) for 20 days in a smart home
and installed sensors such as ultrasonic positioning system, motion sensor, door
sensor, and ECHONET Lite ready appliance and converted the ground truth
labels to the time to the next activity occurrence and extracted features from the
sensor data. We constructed an LSTM model that achieved about 15,000][s] as
MAE of time until next activity occurrence. As a result, we found that there is
room for improvement in accuracy, referring to 8,402 [s] of MAE in the previous

research.

Keywords:

smart home, activities of daily living, sensors in the home, activity prediction,
LSTM
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#* 3 (M?EJJEE&EJ%F‘%%{ I|o> P B &

| x| sz B | r-n [ B ki
Now 0.750 | 0.149 | 0.000 0.000 0.735 0.522 0.921 0.004 0.207
~10min | 0.004 | 0.037 | 0.010 0.093 0.078 0.000 0.051 0.101 0.186
10~30min || 0.033 | 0.200 | 0.061 0.125 0.064 0.214 0.242 0.189 0.000
30~60min || 0.110 | 0.072 | 0.191 0.248 0.169 0.369 0.200 0.194 0.122
1~2hour | 0.147 | 0.209 | 0.075 0.235 0.118 0.219 0.060 0.247 | 0.048
2~3hour || 0.103 | 0.163 | 0.094 0.000 0.104 0.071 0.012 0.029 0.000
AHE | PCIEE | #iE | WL | BB | A= 74> | BV | BEE | TV 4EE
Now 0.594 | 0.682 | 0.406 0.094 0.931 0.551 0.210 0.208 0.242
~10min | 0.455 | 0.000 | 0.048 0.019 0.047 0.035 0.181 0.228 0.074
10~30min || 0.154 | 0.000 | 0.032 0.176 0.079 0.201 0.207 0.057 | 0.110
30~60min || 0.141 0.052 0.021 0.095 0.214 0.144 0.191 0.000 0.124
1~2hour | 0.268 | 0.077 | 0.072 0.148 0.241 0.039 0.178 0.113 0.206
2~3hour || 0.067 | 0.126 | 0.056 0.113 0.115 0.034 0.088 0.143 0.104
B ~10min [ 10min~30min 30min~1hour [ 1hour~2hour [ 2hour~3hour
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4 REATEIEROFH %

| x| mms | me | mERn | sm | r-sn RS ww | den
~10min || 0.002 | 0.103 | 0.000 0.129 | 0.155 0.000 0.190 | 0.138 | 0.040
~30min || 0.031 | 0.238 | 0.256 | 0.222 | 0.157 0.204 0.144 0.284 | 0.270
~lhour | 0.052 | 0.266 |0.327 | 0.271 | 0.260 0.259 0.325 |0.238| 0.113
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