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Abstract: The use of digital content on smartphones is rapidly expanding, however there is concern about
its impact on sleep. In this paper, we describe a method for judging the drowsiness of users who use digital
contents with their smartphones. Using sensed data when the user is holding the smartphone or tapping on
the screen of it, we have built a machine learning model to determine whether the user is feeling sleepy or

not. The experimental results showed that the proposed method is effective in some situations.
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R 1 KSS B LIRS
Table 1 Drowsiness classification by KSS.
Rate | Verbal Descriptions

1 Extremely alert

2 Very alert

3 Alert

4 Rather Alert

5 Neither alert nor sleepy

6 Some signs of sleepiness

7 Sleepy, but no effort to keep awake

8 Sleepy, but some effort to keep awake

9 Very sleepy, great effort to keep awake
TT—% BHEAE
DIMUBSET—4 HERHE xy, yz, zx
MEE X, v, 2 BAIRIE, AR
IrAHx v,z 2EERAKIE AR
OBEEET—% sANRIR, 2B B&/IVRIE

5 v AR
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% FEE B ETE LE

5y ThBE)Eng
1 tr¥7—5 e
Fig. 1 Sensed data and features.
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Fig. 2 System overview.
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Fig. 3 Operation patterns of smartphone.
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Fig. 4 KSS distribution for each subject.
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Fig. 5 PERCLOS distribution for each subject.
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Table 2 Definition of drowsiness by two evaluation index.

1<KSS<4 KSS=5 6ZKSS<9
PER S YI Az L X X
PER > YI X X K5 b

(PER : PERCLOS, YI: Youden Index)
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* BORS & RE L7z & & © PERCLOS DY) 7 Bl &
L T, ROC (Receiver Operating Characteristic) HH#i®
Youden Index # [\ % Z & & L72. Youden Index (LT
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IDREVET [IRRAHV ] & L7, ZDHRT, &2
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F 3 EHREMTL O AUC H

Table 3 Mean AUC value for each experimental condition.

FeBRZe ¥ AUC E
Wby v 7 0.88
HEFE B U 0.91
FEEY TS 0.94
s s v 7 0.87
HERR 5 H0HE 0.87

x4 IRGCHEICAR EE 25N L HHEDH

Table 4 Examples of effective features for drowsiness estima-

tion.
FER G | = A
HiFe b 5 7 W O 1] T 2 R [ 189.9
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o y BN E O 5 KAl 45.3
x B L O i KAl 18.8
iE & & TR T T B il 156.7
¥y y WS (w/ LPF) 0% 3 UG 57.8
y BN o e KAl 36.2
(ZES) 5y 7 O W TH il R 178.2
7y ylY v 41 (w/ HPF) O 49.5
y BN O i Kl 45.9
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JuFF x AN 0D A (7 37.2
x BN D5 3 MUSHL L 33.3
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HHRMTICE LT, 2% O AUC (Area Under the
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Fig. 6 ROC curve (horizontal hold & tap).
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Fig. 7 ROC curve (vertical hold & tap).
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x5 FEHEETVOMBEHE~OMBAKE RO AUC
Table 5 AUC of applying trained-models to other subjects.

TANT—=%

A B C D B F G
0.83 0.53 0.61 0.60 0.64 0.51 0.53
0.62 0.89 070 0.51 0.73 0.29 0.54
0.60 0.65 094 051 048 0.58 0.53
0.52 0.37 048 0.84 0.57 048 047
0.64 045 042 0.76 098 046 0.76
079 044 064 039 050 090 0.82
044 045 049 033 034 065 0.82
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Fig. 8 Mean acceleration on X-axis (vertical holding & tap).
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