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Nomenclatures

CLv : Concentration Level Vote
Ccsv : Comfort Sensation Vote
ECG . Electrocardiogram
EEG . Electroencephalogram
EKG . Electrocardiography
EMG . Electromyography
EOG . Electrooculogram
HF : High Frequency [Hz]
LF : Low Freqguency [Hz]
LF/HF : The ratio of low frequency and high freguency
PPG : Photoplethysmography
RMSSD . Root Meas Square of Standard Deviation
SNDD : Standard Deviation of N-N Interval
TP : Total Power
TSV : Thermal Sensation Vote
VLF : Very Low Frequency
Greeks
0 . Theta wave [4~7.99 Hz]
a : Alpha wave [8~11.99 Hz]
B : Beta wave [15~29.99 Hz]
% : Gamma wave [30~50 Hz]
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Abstract

Investigation of thermal comfort under various seat
conditions during summer/winter in standard indoor

temperature

Min-jung Lee
Advisor : Prof. Cho, Hong-hyun
Department of Mechanical Engineering,

Chosun University

This paper evaluates the thermal sensitivity through the investigation of
objective indicators such as brain wave(EEG), pulse waves(PPG), and skin
temperature as well as subjective surveyings such as thermal sensation vote
(TSV), comfort sensation vote(CSV), concentration level vote(CLV) under various
rest conditions standard and extreme temperature conditions during
summer winter.

When comparing the results of brain waves, pulse waves, skin surface
temperature, subject survey, and concentration level during summer, the use of
cold water cooling seats activated Theta and Alpha waves as the brian waves of

subjects. The use of the cold water cooling seat was also provided the comfort
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resting conditions in consideration of analysis result of LF/HF and stress,
increasing SDNN, RMSSD, and survey of subjective questions. Therefore, the use
of cold water cooling seat, which can provide direct local cold heat transfer
rather than air ventilation seat using indoor air, is judged to be a more desirable
way to provide a stable rest environment for the subjects.

When comparing the results of brain waves, pulse waves, skin surface
temperature, subject survey, and concentration level during winter, the use of
hot water heating seat during resting provided a stable rest environment for the
subjects through activation of Theta wave and reduction of LF/HF. However, the
stress index showed a slight increase in the use of electric heating seat and hot
water heating seat compared to that using the basic seat. It is judged that local
direct hot heat transfer provided hot condition to subjects, thus the subject's
stress index increased dlightly. As a result of the subject questionnaires, the use
of the electric heating seat and hot water heating seat provided an appropriately
pleasant environment to the subjects. In addition, the result of analysis of
attention concentration test showed high concentration level when using the
electric heating seat.

In this study, the thermal sensitivity was evaluated through subjective and
objective analysis under various rest conditions in summer and winter, and the
stability condition according to the rest method was defined by attention
concentration test after a short break. This study can contribute to make an

effective rest environment to the men during learning, driving and work.
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Fig. 3.1 Schematics of experimental room

Table 3.1 Specifications of the artificial climate room

Item Specification
Temperature -20C~60TC
Humidity 5~85% RH
Air flow rate 400 CMM
Accuracy 1.5%
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Fig. 3.3 Electrode locations for EEG test

Table 3.2 Electrode position and lobe at 16ch system

Electrode position Lobe
F1, F2 Prefrontal lobe
F3, F7 Left frontal lobe
F4, F8 Right frontal lobe
C3, C4, P3, P4 Parietal lobe
P4, P8 Left, Right parietal lobe
T7, T8 Left, Right temporal love
o1, 02 Occipital lobe

Table 3.3 Specification of EEG measurement device

Item Specification
Sampling rate 256 Hz
Resolution 12 bit
Band pass filter 0.5~60 Hz
Notch filter 50~60 Hz
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Fig. 3.4 Photoplethysmograph measuring equipment
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Table 3.4 Specification device to measure PPG
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Item Specification
Measuring range 40~200 BPM
Measurement error + 2%
Band pass filter 0.15~4 Hz
—_ 23 —_
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Fig. 3.5 Infrared camera for temperature measurement
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Table 3.5 Specification device to measure infrared camera

Item Specification
Resolution 384x 288 pixel
sensor type LWIR
Thermal resolution <40mK @f/1.0, 30Hz, 300K
Infrared wavelength band 84 um
Ambient temperature -10C~60TC
Temperature measuring range -20T~20C
~- o4 -
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TAE R

© Ta:5C / Cdd water ading seat (d) T.=25°C / Hot water heating seat

Fig. 3.6 Infrared camera pictures of various seat
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Fig. 3.7 Chair temperature measuring position
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Table. 3.6 Anthropometry data of the subjects

Specification

Male: 6 / Female

Item

14

Gender

27+ 3.0
63.3+ 16.6 kg

Age
Weight

179.3+£ 6.2 cm

Height
Amount of clothing

0.35 clo

1.8 met

Metabolism
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Table 3.7 Pattern of the measured parameters in the central nervous system

Condition Parameter Patten
Alert, Arousal, Excited G 7
Concentration index SMR—ZHighﬁ )
Increased mental workload g )
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Fig. 4.2 Variation of relative © and a at each lobe under 35C condition

(a) Relative theta (b) Relative alpha
Fig. 4.3 Brain mapping of theta and alpha wave under 35C condition
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Table 4.1 Pulse wave analysis results in the basic seat under 35C condition
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Table 4.2 Pulse wave analysis results in the basic seat under 27.5C condition
HO|Ct.

F

NS
—/

=
—

Ogxtel AEHA X+=E0 84% &
&S LIEHUA

b

Al
o)

ok

A A
= o

mi

LFHFE +8t =
1172

| —

—

—

[a—

ObM LF/MHF

=

£ EoIZACt Xt

AS]

Tl Af=25 35Tl

=l

(g

)
ol

k)

-

X

0l

A

i)
<

nO

LH
RO
X0

-

Al

LAl TS LFHF 20 25% 2 AG6HH

=

=

St

30.4%

15.7%,

b

AEdIAXI==, SDNNZt RMSSD

RISl LF/HF,

AUE% 27.5CH A

35C
LEEHHCE.
LS HE 2 LIEHLIXIE AW25 35T A2

—

=

SONN 2t

—

—

SONN1 RMSSD

IZ A0 0l
N 28 s82 St

Et&tCh.
£l

il
60

Al I

S Al
TT

oI
33
o
k4
I

1)
10D

K0

50
o)

0l

S

3

of

al

Sal0

F

oI5t

==

_40_

Collection @ chosun



Ch. D2k 83 2421

Table 4.3 Surface temperatures of subjects in the basic seat under 35C condition

Position Average temperature (C)
Belly 32.8
Arm 33.5
Face 34.4
Leg 32.8

Fig. 4.7 Surface temperature of subject in the basic seat under 35C condition
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Fig. 4.8 Temperatures
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Table 4.4 Surface temperature in the basic seat under 27.5C condition
Average temperature (C)

Position
Belly 30.5
Arm 31.7
Face 31.3
Leg 30.3

it

e e
.

Fig. 4.9 Surface temperature in the basic seat under 27.5C condition
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Fig. 411 Brain mappings of theta and alpha wave in the ventilation seat under 275C condition
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Fig. 412 Variations of relative © and a at each lobe in the ventilation seat under 275°C condition

(a) Relative theta (b) Relative alpha
Fig. 4.13 Brain mapping of theta and alpha wave in the ventilation seat under 27.5C condition
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Table 4.7 Pulse wave analysis results in the ventilation seat under 27.5C condition
Pulse wave category Average value
Stress index 38.7
LF/HF 1.16
SDNN 55.2
RMSSD 35.2
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A JIZAIEE AtES B0 HIotK 0.85% ZA0tALH, 2182l &0t 248t A
OF WHEILH WHHESBEIE UEHH= SONNIH B2 E Xt RMSSDE 242+ 55.22 35.2
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Position Average temperature(C)
Belly 30.1
Arm 30.4
Face 32.2
Leg 30.2

Fig 4.14 Surface temperature results in the ventilation seat under 27.5C condition
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Fig. 415 Temperature of back & thigh part in the ventilation seat under 275C condition
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Table 4.9 Subjective questionnaire survey results in the ventilation seat under 27.5C condition

Average value

Subjective Questionnaire Survey category
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Fig. 4.16 Variation of 6/8 at each lobe in the using cold water cooling seat under 275°C condition
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Fig. 418 Brain mapping of theta and alpha wave in the using cold water cooling seat under 275C condition
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Table 410 Pulse wave analysis results in the using cold water cooling seat under 275C condition

Pulse wave category Average value
Stress index 37.7
LF/HF 1.16
SDNN 56.6
RMSSD 35.3
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Table 4.11 Surface temperatures under 27.5C using cold water cooling seat

Position Average temperature(TC)
Belly 30.1
Arm 30.6
Face 31.8
Leg 29.7

Fig. 4.19 Surface temperature in the using cold water cooling seat under 275C condition
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Table 412 Subjective questionraire srvey resdlts in the using cold water cooling seat under 275°C condition

Average value

Subjective Questionnaire Survey category
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Fig. 4.22 Variation of relative © at each lobe for various cooling conditions
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Fig. 4.23 Variation of relative a at each lobe for various cooling conditions
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seat type Relative theta Relative alpha
Basic
(T=35TC)

Basic
(T=27.57C)

Ventilation
cooling
(T=27.57C)

Cold water
cooling
(T=27.57C)

Table. 4.13 Brain mapping of theta and alpha wave in various condition
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Fig 4.22%} Fig. 423 & Table. 4. 13
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Table 5.1 Pulse wave analysis results in the basic seat under 157 condition
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Table 5.2 Pulse wave analysis results in the basic seat under 22.5C condition
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Table 5.3 Surface temperatures of subjects in the basic seat under 15C condition

Position Average value(C)
Belly 22.3
Arm 25.3
Face 27.8
Leg 24.8

Fig. 5.7 Surface temperature of subject in the basic seat under 157 condition
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Fig. 5.8 Temperatures of back and thigh part under 15C condition
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Table 5.4 Surface temperature in the basic seat under 22.5C condition

Position Average value(C)
Belly 26.8
Arm 28.1
Face 30.2
Leg 27.4

Fig. 59 Surface temperature in the basic seat under 22.5Ccondition
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Table 5.5 Subjective questionnaire survey results in the basic seat under 15°Ccondition
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Table 56 Subjective questionnaire survey results in the basic seat under 225C condition
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Fig. 5.11 Varation of 6/8 at each lobe in the electric heating seat under 225°C condition
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Fig. 513 Brain mappings of theta and alpha wave in the electric heating seat under 225°C condition

- 100 -

)Collection @ chosun



25 X240l 225TUHA 2ZAIEE ALEol

)
=
10
FE
[

AH Relative Thetalll 2t Relative Alphallt2 BigtE LIE}

I
HCH AWlH=2T 22.5TOolA

=S ANEE AIE0StH =24 Al Relative Thetalll=

0.29~0.31 uV?, Relative Alphallt= 0.13~0.15 UV 2 LIEFG QO Relative Thetallt Jt

Relative Alphalt 2Ct O =2 gt=2 220 Ut TE ks 282t

kA

SaHo Xe=z

O U

THCEHEICF, BEXIBF 8 A9 Y Relative Thetalll?t Relative Alphalll g2l Bist= AN

= & 999 Relative Thetallt 2t Relative Alphallt 2l

St M
= o

XI&EZ Relative Thetalll 2t Relative Alphalll= A LIRS 15CT2 22.5TOHAM JI2Al

EE ASote 0 "ot & SA0UA 2ot 2EEHUH, BFE SH2

Collection @ chosun

HH A= M2t A Relative Alphalll ol S=21 X

Relative Thetalll @t Relative Alphallto] E4&3tE Sall 1

el Ch.

g
ro

- 101 -



Lb. O} S&Z21

HI

Table 5.7 Pulse wave analysis results in the electric heating seat under 22.5C condition

Pulse wave category Average value
Stress index 36.9
LF/HF 1.1
SDNN 66.2
RMSSD 42.4
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Table 5.8 Surface temperatures in the electric heating seat under 22.5C condition

Position Average value(C)
Belly 26.1
Arm 28.5
Face 29.5
Leg 26.9

Fig. 5.14 Surface temperature results in the electric heating seat under 22.5C condition
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Table 5.9 Subjective questionnaire survey results in the electric heating seat under 22.5C condition

Average value

Subjective questionnaire survey category
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Table 510 Pulse wave analysis results in the using hot water heating seat under 225C condition

Pulse wave category Average value
Stress index 34.4
LF/HF 1.12
SDNN 63.1
RMSSD 47.7
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Table 511 Surface temperature in the using hot water heating seat under 225C comditiom

Average value(C)

Position
Belly 26.5
Arm 275
Face 28.1
Leg 26.5

Fg. 519 Surface temperature in the using hot water heating seat under 225C  condition
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Table 512 Subjedtive questiomaire survey resilts in the using hot water heating seat under 225C condition

Average value

Subjective questionnaire survey category
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Fig. 5.22 Variation of relative © at each lobe for various heating conditions
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Fig. 5.23 Variation of relative a at each lobe for various heating conditions
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Seat type

Basic
(Ta=15TC)

Basic
(Ta=22.5TC)

Electric
heating
(Ta=22.5C)

Hot water
heating
(T=22.5T)

Table. 5.13 Brain mapping of theta and alpha wave in various condition
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