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ABSTRACT KEYWORD
Purpose: This study aims at evaluating the thermal comfort of occupants using a PMV (predicted mean 2Z=H3

vote)-based HVAC (Heating, ventilation, and air conditioning) controls with dynamic clothing insulation estimated :?ﬂﬁ ot

from occupant image. The contribution of this study is to highlight 1) the estimation method for the insulation of 3193 F;" ==°

clothing ensembles that can appear in various ways inside a building, and 2) the effect of PMV-based control
reflecting dynamic clothing insulation on the actual thermal comfort. Method: For the comparison, three control =~ Thermal Environment
methods (Mode 1-3) including the typical control methods were applied and analyzed in terms of the room Thermal Comfort
temperature, PMV, and subjects’ TSV (Thermal sensation vote). For the experiment, a Test-bed equipped with lérlz‘:;ci;edlﬁz?:ﬁ:ite
environmental sensors and camera sensors was built. A total of 6 subjects were experimented for 40 minutes per one ¢
clothing ensemble. Result: Although estimating error of the dynamic clothing insulation occurred in some clothes of
the female subjects, it was confirmed that, nevertheless, the PMV-based control reflecting the dynamic clothing ACCEPTANCE INFO
insulation (Mode 3) was able to create a more comfortable environment than other control methods. Therefore, this Received Jan. 11, 2022
study emphasize the potential of promoting customized comfort environment to the occupant through vision-based  gijal revision received Jan. 25,2022
dynamic clothing insulation. Accepted Jan. 28, 2022
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Fig. 2. Examples of experiment image collected by sensors
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Fig. 3. Development process of the estimation model for clothing
insulation [30]

Table 2. Clothing ensembles and insulation value for the experiment

Garments Ensemble
Ensembles Types insulation insulation
(L) (L)
Walking shorts 0.08
El T shirt 0.10 038
Walking shorts 0.08
E2 Short sleeve shirt 0.24 050
Trousers (straight, loose) 0.22
E3 Short sleeve shirt 0.24 066
B Trousers (straight, ?oose) 0.22 0.74
Long sleeve shirt 0.33
Trousers (straight, loose) 0.22
E5 Long sleeve shirt 0.33 1.04
Suit jacket 0.36
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Fig. 4. Block diagram of control system

Table 3. Control system modes

Control . A q
Mode variable Set point Clothing insulation

1 DBT 1, 25°C -

2 PMV PMV: 0 Fixed value (0.5 clo)

3 PMV PMV: 0 Dynamic value (by model)
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Data acquisition

*  Get data from the sensors every 15 sec
Indoor temperature (T,;,) [°C]
Relative humidity (RH) [%]
Mean radiant temperature (MRT) [°C]
Air velocity (V) [m/s]
Images taken from both sides

¢ Accumulating data for 10 mins

'

Set control mode

Mode 1 Mode 2 Mode 3
. :
Not considering Fixed value: Dynamic value:
clothing insulation 0.5 clo CLO estimate model
v v
‘ Calculating PMV ‘

* Calculating PMV with the collected
data and clothing insulation value

* Set the proper T, for the next control
cycle based on the calculated PMV

v l

Control the system

* Transmit the setpoint temperature (T,,) value of the next
control cycle to the IR sensor

Fig. 5. Control process

Table 4. Subject information

Height | Weight BMI Thermal

ID | Gender (mril; (kgg) Age (kg/m®) | sensation*
A Male 177 70 29 22.3 0

B Female 158 54 23 21.6 -1

C Male 173 73 24 24.4 0

D Male 178 67 24 21.1 0

E Female 157 50 23 20.3 -1

F Female 166 61 22 22.1 0

*Thermal sensation: relative thermal sensation of subjects
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Table 5. Estimation errors of clothing insulation (unit: clo)

Ensembles D A B C D E F
El 0.00 0.00 0.00 0.00 0.00 0.00
E2 0.00 0.07 0.00 0.00 0.00 0.02
E3 0.00 0.08 0.00 0.00 0.11 0.00
E4 0.00 0.06 0.00 0.00 0.00 0.00
ES 0.00 0.00 0.00 0.00 0.00 0.00
265 1.0

038
0.6
04
02
0.0
02
0.4
0.6
0.8

26.0

25.5

Q\>\

PMV

25.0

245

Operative temperature (°C)

24.0
ES

zzzZMode 1 (OT) 25.1 24.8 248 25.1 24.8
C—3IMode 2 (OT) 254 25.5 25.6 253 255
== Mode 3 (OT) 25.8 253 24.7 25.0 242
----- Mode 1 (PMV) -0.64 -0.44 -0.02 0.16 0.56
—+—Mode 2 (PMV) -0.48 -0.12 0.23 0.31 0.77
—=—Mode 3 (PMV) -0.34 -0.19 -0.05 0.12 0.32

*OT: Operative temperature
Fig. 7. Evaluation of thermal environment by the control methods
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