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Evaluation of Thermal Comfort during Sleeping in Summer
— Part IV : Study on indoor Temperature Conditions for Comfort Sleep —

+ *
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ABSTRACT: This study was performed to evaluate sleep efficiencies and conditions for
comfortable sleep based on the analysis of sleep efficiency and MST under four thermals
conditions (22C, 24C, 26°C, 30C). Five female subjects who have similar life cycle and sleep
patterns were participated for the sleep experiment. Their age was from 20 to 22 years old.
They were healthy, and had regular sleep with consistent bed and wakeup time. It was
checked whether they had a good sleep before the night of experiment. Experiments were
performed in an environmental chamber using thermo-hygrostat. The physiological signal
(EEG) for sleep stage were obtained from C3-A2 and C4-Al electrode sites. Sleep stages
were classified, then SWS latency and SWS/TST were calculated for the evaluation for sleep
efficiencies on thermal conditions. As results, mean skin temperature for comfort sleeping was
345~3547C. Considering sleep efficiency and mean skin temperature, indoor room temperature

of upper limit was 28.1C.

Key words: Comfort sleep(#Z$=1), Sleep efficiency(+H & &), Sleep stage(FHATA)
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ECG : 4 A= (Electrocardiogram)

EEG : 39 (Electroencephalogram)

EMG : 23 =(Electromyogram)

EOG : ¢H+A =(Electro-oculogram)

MST : #H¥ H¥2x(Mean Skin Temperature)
NREM : H]REM(non-REM)

¥ Corresponding author
Tel.: +82-51-620-1617; fax: +82-51-620-1617
E-mail address: arckim@pknu.ac.kr

REM : 34472 %(Rapid Eye Movements)
SWS : M (Slow Wave Sleep)

TST : % $HAIZHTotal Sleep Time)
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Table 1 Data of the subjects

Num. of Height | Weight
subjects [cm] kgl

Female 5 19.8+1.5(164.2+4.6| 51.4+4.1
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Table 2 Experimental conditions

Temp. (C) Rh (%)
22°C, 50% 22.1+02 52.243.7
24C, 50% 237105 49.5%+2.1
26C, 50% 26.0+0.1 51.8+1.0
30°C, 50% 29.9+0.1 52.140.8
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Fig. 1 Schematic of the chamber.
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Table 3 Specification of the chamber

Environmental chamber
Temperature range 18~40C+1T
Humidity range 30~80%+5%
Cooling capacity 9500 W
Heating capacity 14,000 W
Humidifying capacity 8 liter/h
Dehumidifying capacity 1.8 liter/h
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Fig. 2 MIT-HIB data (REM) for sleep stage
verification (Www.physionet.org/physio
bank/database/slpdb).
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Fig. 3 Room temperature vs. sleep efficiency
in sleep (P<0.05).
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Fig. 4 MST vs. sleep efficiency in sleep (P<
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Table 4 Optimal MST vs. sleep efficiency and
room temperature

Optimal Sleep Room

MST efficiency temp.

{T] [%] [T]
Haskell | 345~353 | 29.6~35.3 218
Hiroyuki | 345~356 | 26.1~35.3 289"
Rohles | 347~356 | 261~344 | 245~289

"Upper limit value
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