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Thermal Environment and Energy Performance Evaluation of Indoor
Environment Control Using Metabolic Rate Estimation Model
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Abstract
As people spend 80~90% of their time indoors, the importance of indoor environments on health, well-being,
and productivity is increasingly emphasized, with the thermal environment being particularly significant.
Metabolic rate, which varies with occupant activities, significantly impacts thermal comfort. To measure and
apply this information in building control, computer vision technologies have been developed, including
methods that estimate metabolic rate by recognizing human joint coordinates and objects. However, previous
studies have been limited to experiments conducted during the heating season. This study used simulations to
evaluate the thermal and energy effects of indoor environment control during both heating and cooling seasons
by integrating pose classification with object detection. Indoor environment control using an object detection-
integrated model improved thermal comfort by adjusting indoor temperature according to metabolic rate
while showing an increase or decrease in energy consumption. Compared to a pose-based model without object
detection, it reduced PMV by 0.02~0.69, bringing it closer to 0, and decreased energy consumption by 7.7~55.8%,
depending on metabolic rate. These results confirm that integrating accurate metabolic rate estimation into
indoor environmental control can enhance thermal comfort while minimizing unnecessary energy consumption.
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Fig. 1. Modeling Result of the Base Model
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Table 1. Base Model Information

Category Information
Single-famil
Prototype detafhed hou};e
Climate Zone 4A (Mixed-humid)
Heating, Coolin
Syste%n Type ’ Heat pump
cop Heating 3.69
Cooling 4.07
Foundation Type Slab
Total Floor Area 311.23 m?
Conditioned Area 220.82 m? (living)
Unconditioned Area 110.41 m? (attic)
Construction Wall 0.271 W/m"
Window 1.704 W/m?
AFN Infiltration 0.245 [ach]
Occupants 3
Interior Lighting (Living) 1.531 W/m?
Electric Load (Living) 7.041 W/m?

Table 2. Control Information

73 Alojo]t}. “B Alo](control B)"+Yun et al.(2025)

o4 A Aol W0, B2E oS 4%
5 Bemgo] ohel, AU AFGTH AHES
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A, B A|o] L= PMVE Ao} M= 5hH, 2h7
*(Tw RH, T, V,)2} 7191 ®4~(CLO, MET) & 1123t
Alofolct. Aujoll A 7} ¥sgh2 F155to] setpoint
of gh= AW2E(T)E 2ot Alo] 252 Hdlich
CLO gk FAZ7g oA 9] LubAlQl Adf At
Farsto] 714w R A oke], %, I Al =
9] 0.63clo I FE= ARG5S

A, BA|ojuit} ob7] (sitting), BFAFX] 7] (typing), A1
7](standing), 2]5}7](cooking), Z27](walking), %
435}7](cleaning) 9] 6714 &5 2t ot=F

127}A]9] Case®] AlE]0]4E P51 THTable

Control Name

Control Variable

Control A Control B
PMV

Environmental Variable
(T, RH, T;, V)

Environmental sensor acquisition

Measurement

Variable Clothing Insulation

0.63 clo (fixed value)

Metabolic Rate

Pose-based model

Object detection
integrated model

Table 3. Case Information

Control name

MET met*

Control A Control B

Sitting 1.0 Case A-1 Case B-1
Typing 1.1 Case A-2 Case B-2
Standing 1.2 Case A-3 Case B-3
Cooking 1.6 Case A-4 Case B-4
Walking 2.0 Case A-5 Case B-5
Cleaning 2.6 Case A-6 Case B-6

*The unit representing metabolic rate, 1 met, is expressed as 58.2 W/m? per square meter of skin surface area.
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Category Information
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25—
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16
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"
|
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(b) Heating Period

Fig. 2. Indoor Temperature during Cooling and Heating Period
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(b) Heating Period
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Fig. 3. PMV during Cooling and Heating Period
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Fig. 4. Energy Consumption during Cooling And
Heating Period
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