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CLAIMS 

 

1. A sleep-wakefulness determination apparatus configured to determine sleep and 

wakefulness of a user, comprising: 

    a scalar calculation unit configured to calculate a scalar value based on each 

component of an n-th-order time derivative vector, wherein the scalar value is an 

L2 norm, the n-th-order time derivative vector being a vector in which an 

acceleration vector in a part of a body of the user is differentiated by n-th-order 

time derivative, and n being a natural number; 

    a feature value calculation unit configured to calculate a feature value for each 

epoch defined by a predetermined time of 5 minutes or less based on the scalar 

value, wherein the feature value is a histogram generated by dividing the scalar 

value or logarithm thereof into classes with a plurality of threshold values; and 

    a sleep-wakefulness determination unit configured to determine the sleep and 

wakefulness of the user based on the feature value of a desired epoch and the 

feature value of peripheral epochs included in a plurality of epochs before and after 

the desired epoch in a time series, in the epoch. 

 

2. The sleep-wakefulness determination apparatus according to claim 1, further 

comprising a storage unit which storages a machine learning model allowed to learn 

correlation of the feature value of the desired epoch, the feature value of the 

peripheral epochs and the sleep and wakefulness of the user, wherein the sleep-

wakefulness determination unit is configured to determine the sleep and 

wakefulness based on the machine learning model. 

 

3. The sleep-wakefulness determination apparatus according to any one of claims 

1 to 2, further comprising a storage media reading unit configured to read the 

acceleration vector stored in storage media. 

 

4. The sleep-wakefulness determination apparatus according to any one of claims 

1 to 2, further comprising a communication unit configured to communicate with 

an acceleration sensor worn on a part of a body of the user, and to receive the 

acceleration vector measured by the acceleration sensor. 

 

5. The sleep-wakefulness determination apparatus according to any one of claims 

1 to 2, the apparatus being a wearable device worn on a part of a body of the user, 
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and further comprising an acceleration sensor configured to measure the 

acceleration vector. 

 

6. The sleep-wakefulness determination apparatus according to any one of claims 

1 to 5, further comprising a determination result conversion unit configured to 

convert a result determined by the sleep-wakefulness determination unit. 

 

7. A program which allows a computer to function as a sleep-wakefulness 

determination apparatus configured to determine sleep and wakefulness of a user, 

the apparatus comprising: 

    a scalar calculation unit configured to calculate a scalar value based on each 

component of an n-th-order time derivative vector, wherein the scalar value is an 

L2 norm, the n-th-order time derivative vector being a vector in which an 

acceleration vector in a part of a body of the user is differentiated by n-th-order 

time derivative, and n being a natural number; 

    a feature value calculation unit configured to calculate a feature value for each 

epoch defined by a predetermined time of 5 minutes or less based on the scalar 

value, wherein the feature value is a histogram generated by dividing the scalar 

value or logarithm thereof into classes with a plurality of threshold values; and 

    a sleep-wakefulness determination unit configured to determine the sleep and 

wakefulness of the user based on the feature value of a desired epoch and the 

feature value of peripheral epochs included in a plurality of epochs before and after 

the desired epoch in a time series, in the epoch. 


