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Evaluation of Thermal Comfort during Sleeping in Summer
— Part 1IlIl : About Indoor Air Temperatures Rise —
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ABSTRACT: This study was performed to evaluate sleep efficiencies and conditions for
comfortable sleep based on the analysis of physiological signals under variations in thermal
conditions. Five female subjects who have similar life cycle and sleep patterns were partici~
pated for the sleep experiment. It was checked whether they had a good sleep before the
night of experiment. EEGs were obtained from C3-A2 and C4-Al electrode sites and EOGs
were acquired from LOC (left outer canthus) and ROC (right outer canthus) for REM sleep
detection. Sleep stages were classifie¢, then TST (total sleep time), SWS (slow wave sleep)
latency and SWS/TST were calculated for the evaluation of sleep efficiencies on thermal con-
ditions. TST was defined as an amount of time from sleep stage 1 to wakeup. SWS latency
was from light off time to sleep stage 3 and percentage of SWS over TST was calculated
for the evaluation of sleep quality and comfort sleep under thermal conditions. As result, the
condition which raise a room temperature provided comfortable sleep.
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ECG : 4] A % (Electrocardiogram)

EEG : = 3 (Electroencephalogram)

EMG : &3 X (Electromyogram)

EOG : ¢+ % X (Electro-oculogram)

MST : H& JE 2% (Mean Skin Temperature)
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REM : #4125 (Rapid Eye Movements)
SWS : A H(Slow Wave Sleep)
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Fig. 1 Schematic of the chamber.
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Fig. 2 Physiological signals acquire and an-
alysis program.
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Fig. 3 Experiment process.

Aren 38 93 —}E A 2z & aga
= 4 %5(light off) & 3}
o 8A 7k %?lr FAE -’Hﬁ}ﬁi"% ARAYEA 9

< J39 GERQE £ Ao 9E
) AEE Golr ) £3 e dERAE 4
B2 CHAL 28 FR),

A2 Bao) By F Aol ¥4 WA HgR
b AZold Bl gaf 2RFL =73 UE
Mo o4 Bstm, FUUP) At I @
¢ argol 9EA FAHQD ad A% ¥

j=

ZAgeie g 4 £ #gdstz, =Y

HYHoxe AsE & 4“6}'-"4 Aol HEHE
B 5o % wolzrt glEex #elstdrh
olegl Hygule] A #F clo] E

ABA 2 A 7] Z(recording) A Fu| el A
U A AN LA Z2AE ¢ d8 H
@2 BA(subject calibration)®}3 & =83+t
° Aol YW ES 113 dolgE AP

Li\_
FEF stgon ofF 8AZ T FHUCEE
=38tz APAE A

JgaE 10098E ddez Fady dEx
Abst oA g A, ABFV) 4 FHEY
o] Hj&stn, AAI(EEGE 7oz & dH
AN 7 o] fE A APA 5B¥E
Aot ddg JPAe 54 o] 198+
154, A7 164.2+46 cm, A% 51.4+4.1 kgl ATt

THAGA I 34?]2}-‘:—01171] dnjasg A
Alste] Aol digt FEE olAHE AT EF
A8 F Ag °é c}% 2 F Jde FHE

27 IETEIT TS
]

26T I
250 = -1

1h 2h 8h

Soly #HE, H4, &
RS BUD AA-4E 2% FAGES §
Astge, Fol W Azt Aee E4&
A st AF7) BAEe ARG

25 Ay
2 AFdMes £ F7] A2l FE 5o
Aewge] TP AE FsAvlE 2¥e

st , Fig. 40 AgHg vepio,
Zﬂli 2 A 2489 4% 2 HEAA
26C Z7o] W %ud AR
9 z7)dE 25C, 70%e) ZdA
A ok 1% ASAEoZRY 601,
Zo AWMLEE 1T, 2T A5A71E 471A

Aoz A¥e AN AT

&
gmlogfjrs
[R S A T )

26 ToetA & sHES

ok

@A Rechtschaffen and Kales” ol 13}
FHdA AANH FAHD BELL
Holxla glew, ol wEW FHEA
3 1, 2, 3, 4441¢] NREM +#93 REM <

2 EHFoA FHEage FHBHY 7
2 ZelE Hristed o&5Ay, F7

o

£ o] &3l AlEARH AA FHd
Z @A v goly dAE AN FE&
ot 53] M3dA(slow wave sleep, SWS)
FH 3 42AE HE FEUAE
“SEE Aitel] Bo] o] & o
AR et B dFAE g8 wE +d

9 AHE dotruat HA FHAL FAA Z
A g A AA FHALS et % FH
ANzh aE AFAIRE Hzxd #£9E 3, 4G9A7}
Yel s 7t o] A A7kl SWS latency, g
T AN 9 i £33, 4949 8 &S A

op &t (I 1o lo
2
X

o
o
£
N
&
g e
2
%)



538 HEF .

Stage 3 S
. €5 ) e .

Fig. 5 Sleep stage of physiological signals.
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Fig. 6 Body movements for thermal conditions.
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Fig. 7 Sleep sufficiency for thermal conditions.
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Fig. 8 Temp. & humidity comfort for thermal
conditions.
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Fig. 11 Result of TST for thermal conditions.
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Fig. 12 Result of SWS latency for thermal con-
ditions.
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Table 1 Result of t-test for thermal conditions

A-B A-C A-D B—-C B-D C-D

TST 0.0546 0.3450 0.2869 0.4811 0.4089 0.3946
SWS latency 0.4074 0.2319 0.1310 0.1704 0.0469" 0.2705
SWS/TST 0.3353 0.1761 0.3225 0.3073 0.2397 0.2000

A: 26C-60 min., B: 26C-120 min., C: 27°C-60 min., D: 27°C-120 min. (P'<0.05)
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Fig. 14 Compare SWS/TST for thermal con-
ditions. )
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