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Evaluation of Thermal Comfort during Sleeping in Summer
— Part 1I1: About mean Skin Temperatures and Physiological Signals —
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ABSTRACT: This study was performed to evaluate sleep efficiencies and conditions for
comfortable sleep based on the analysis of EEGs and MST under four thermals conditions.
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 of
4,1x49x2.7m size. EEGs were obtained from C3-A2 and C4-Al electrode sites. Sleep stages
were classified, then TST, SWS latency and SWS/TST were calculated for the evaluation fo
sleep efficiencies on thermal conditions. As results, it was concluded that indoor thermal en-
vironments of 24~26C was the best for comfortable and deep sleep.
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2l s 49 SWS : M a4 (Slow wave sleep)

TST : &4HAZHTotal sleep time)

ECG : A A X=(Electrocardiogram)

EEG : ¥ 3} (Electroencephalogram) 1. 2

EMG : &3 Z(Electromyogram)

EOG : ¢t+#4 X (Electro-oculogram) durEQl dEQ FVN2EE Qe F EFA

MST : 7 3 ¥ &% (Mean skin temperature) 7l ¥ A7 Bt o] FolXn ofztol= AHAIEE

REM : 5%+ ¢ % (Rapid eye movements) A g Aol ®HFott 2y &3 duef &
Aol dojue Fdde HAA AL FHEHE
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Fig. 1 Schematic of the chamber.
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Fig. 2 Position of physiological signal sensors

Table 1 Equipment settings for data collection

No. of channels Analog filter Time constant | Sampling frequency Sites
EEG 2 30 Hz low-pass 0.3 sec 128 Hz C3/A2
EOG 1 30 Hz low-pass 0.3 sec 128 Hz LOC’/ROC™
EMG 1 100 Hz high-pass 0.015 sec 512Hz Chin/chin
ECG 1 100 Hz high-pass 0.3 sec 512 Hz Lead 1

"ROC: Right outer canthus,

“LOC: Left outer canthus.
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Fig. 3 Experimental process.
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Fig. 4 Procedures for the subject calibrations.
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Table 2 Data of the subjects

Height
[cm]

164.2+4.6

Weight
[kg}
51.4+4.1

Num. of
subjects

5

Age
19815

Female
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Fig. 5 Sleep stage 22T (W: state of wake, R:
state of REM, 1-4: sleep stage).
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Table 3 Results of sleep stage analysis pro-
- gram verification

Stage|Stage|Stage|Stage|Stage
wake| 1, 2| 3 4 |REM
MIT-BIH DB | 48 | 103 | 143 | &4 | 157
Analysis program| 27 | 72 | 118 | 61 | 136
Agreement (%) |56.25(69.90|82.52|72.62(86.62
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Fig. 6 MST variation during sleeping.
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Fig. 7 Result of MST range ratio for thermal
conditions.
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Fig. 8 Results of MST for thermal conditions.
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