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Study of relevance of subjective evaluation of drowsiness and objective evaluation
of sleepiness by heart rate/respiratory variability
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It was found that drowsiness, which has been evaluated by the Japanese version of
Karolinska sleepiness scale, could be estimated in two stages (“'presence of strong drowsiness" or
"absence of strong drowsiness™) by heart rate variability and respiratory rate variability at that time.
In addition, it was also found that drowsiness could be estimated in same two stages by
electroencephalogram or electrooculogram at that point. Furthermore, a technique for measuring heart rate
interval and respiratory interval by the piezoelectric sensor array, just sitting in a chair, has been
developed. As stated above, it has_been suggested that drowsiness, which is_psychological (subjective)
evaluation, would be possible to link quantitative analysis of biological signals, which is a
physiological (subjective) evaluation.
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Number of EEG data Mean i S0 Statistical Mean & S0 Statistical
(= 400) Alpha band of 01 Analysis | Alpha band of 02 Analysis

[x107 Result [x10% Result

| KSSJ <7 | KSS-J27 | KSSJ <7 | KSSJ2T | KSSJ <7 | KSSu27

Subject1 | 151 249 |22+11|25+08| <0001 |23£11 26210 <0001
Subject2 138 262 |53+ 38 |B1+58| <0001 |55+ 36|60+ 60| <0001
Subject3 230 170 |92+ 61 [11.0+ 60| <0.001 |09+ 02 [1.1+ 06| <0.001

Subjectd 211 189 |61+40|60£20| NS |60%40[60:20] NS

Subject5 | 217 183 50+ 197/21+08| NS 60 15°[ 20+ 1.0 NS
Subject6 154 246 |82+33 (121441 <0001 |08+ 04|12+ 04 <0001
Subject? 183 217 |09+ 05 |20+23| <0001 |09+06|20%29| <0001
Subject8 260 140|144+ 10 |15+ 04| <0001 |14+ 12162 01] <0001
Subjects | 235 165 | 69+30|75+24 | <0001 |69+39|76=24 <0001
Subject10 | 148 262 |49+ 20 |68+ 26| <0001 |49+ 30|68+ 3.0 <0001
Subject11 | 323 77 | 60126 53+27] <005 |60%26|61+28] <005
Subject12 | 173 227 |16+ 05|29+26] <0001 |17+ 05|29%26] <0001
Subject13 | 233 167 |08+ 03|08+ 03| <005 |08%03|08%03] <005
Subject14 | 189 231 |0B+01[15+35| <0001 |08+ 02|15+ 35| <0001
Subject1s | 573 27 [11+08/04+06] <0001 |12+ 080406 <0001

Subject16 | 184 216 [12+03[12£06] NS |12%02[13:06] NS
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Statistics of Each Feature (overall subjects/experiments)

Strong Drowsiness (KSS-J) Absence (</8) Presence (=8) P

Mean Duration 0.28 + 0.05 0.34 + 007 <0.001
Interval 3.83 + 385 3.05 £ 174 <0.001
Positive 4211 £ 1088 4005 + 1375 <0.001
Negative —155.1 &+ 515 —173.2 + 60.3 <0.001
Variance Duration 0.06 + 0.03 011 £ 007 <0.001
Interval 3.18 = 374 254 £ 209 <0001
Positive 751 + 237 954 + 311 <0.001
Negative 48.9 + 205 61.3 + 258 <0.001
Nystagmus Frequency 84 +29 98 £ 36  <0.001
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Classification Accuracy of Strong Drowsiness by SVM (%)

Subject st 2rd 3 4t Mean
#1 91 B84 54 74 76
#2 99 95 100 87 95
#3 71 70 64 100 76
#4 73 89 87 T 80
#5 100 100 100 100 100
#6 89 100 80 100 92
#7 100 97 100 81 95
#8 100 100 100 100 100

Overall 89

Q) LS, MRBEET T EEAEREZ
T 5z L7l TIRK] % FAMFTEEN?

X 512, gBrgttl o 1 [l H OERRED D
30 MO R~9. Chd, 5, 6 TiE, EX
@ﬂ%&@%%ﬁ@ﬂ%&ﬂmbfmék

Ebhilb /N—A B &%@/_Jifg‘ﬁz’)ﬁ@wu
71

X 612, X5 2SI HTIc & 0 Rl
SNT-HTE (5B 3, 4, b DBE) R
ﬁ%ﬁswﬁ%3,ﬁ%ﬁ4@&%3,%%
5 DA 5 ICBW LIRS 2 LB
hé{g%ﬁ) Tor énﬁ_ ifl, ﬁj\%ﬁﬁ 4 @EJZ
o4, Sy s DRy BV TIERIZ i
'g—é k bné{iﬁ‘ﬁi G éhﬁ_

7% 402, IRSERATPHTIC & 0 flH S vtz
e, MERAE 50 HRIE S iz D bE,
34151 = RTNEA PR @%Eﬁb%ﬂméh
T2ZN D &EDRRERIZONT, 2T, £
FEEROMERZ 7T, WARERT, O
23 0.920. 4%, FERREIRAS 5.213.0%THh o>
7. Z iU, Tanaka 5 (2002) 2MIPEANZIZ 38

WTDHER N LEHE &= 0 EFES L O
MU R RR DO KFR =R (ZZ24 1. 16%k &
5. 20%) ERIBETHT.
ZAICHTR D (1) 1) OfE 5 Z 5 O v,
DA ED & PR O LY, HEAERE
T D Z L DR WBLFER 7 THRK OFH
MTEDLZEWREBINT.

ll Recorded Waves (Subject #1, 1st)

e A |
Ch2 E} T —— M|

Cha :OPMMMM-MMMWM wm—.h O W» MH it

ChS OHMWMMWHM it e e el ]

Gn6._ OF A e w~m~’hww.w |
Z

Ch7 o)—« I -rffwwwn—in\- et et A ot el b q-w—'a.H

Amplitude[mV]

Chs o|» ST U

Ecci}' . } ] L {

lﬁg

Pneumogram o}» i 1

(] 5 10 15 20 25 30
Time[s]

X 5 : #EREHL O 1 [ H OREBIE (k)

Extracted Waves (Subject #1, 1st)

Separatlon 3
cl
MW-M m{ WWW»\M* @M

b %A Ewmwﬁdww

WWWWWWW

:WMWWW M SAKANAN

Amplitude [a.u ]

bl
] § L 5 3 5 2 ] H Dﬂ:qe[as]s 1 ] § [ B B B ]
B 6 : X 5 OIMST RSy o3 i

& 4 JE STz IR TS IO R R oo
AR

I Result

Comparison of the selected component with the reference signals

Heartbeat [%]

—— %
Subjects Respiration [%]

1st 2nd 1st 2nd

#1 0.6 0.9 4.4 7.3
#2 0.5 0.9 14.3 6.5
#3 0.4 0.5 2.3 2.0
-2 0.6 0.8 3.0 2.7
#5 0.7 0.7 3.0 2.0
#6 1.2 1.6 6.3 3.8
#7 1.8 1.1 3.8 3.4
#8 1.9 0.6 57 6.9
#9 1.4 0.7 9.8 5.0
#10 0.6 1.0 4.4 8.0
Overall 0.9+04 52 *3.0
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