
 

 

 

Abstract——The purpose of this study is to suggest a physical 

comfort factor of Korean traditional residences called Hanok, and to 

make a composition of the monitoring system for comfort factors. 

For this study Hanok’s degree of integrative comfort was analyzed 

and comfort performance has been classified. Comfort performance 

was divided into two large comfort performance categories: 

psychology cognitive factors and physical perception factors. In this 

research, composition of monitoring system for physical comfort 

performance is a key goal, so this study proposed a method of the 

monitoring system for physical perception factors. As a result, it is 

turned that the proposed system would have a pretty good 

applicability to the field. 
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I. INTRODUCTION 

ECENTLY, Post-Occupancy Evaluation (POE) is one of 

common research methods to investigate the degree of 

satisfaction of building user. However, POE can be per-

formed after specific time when the building is available for 

residents. Therefore, the long-term analysis is hardly 

available for current situations. Typically, residential time is 

various and some people spend their time in their settlement 

for short time. So, thinking of new method for long-term and 

sustainable analysis of the residential comfort is essential. 

That is why establishing a precise monitoring system for 

Hanok environment is important to help residents operate 

their spaces more effectively. 

Established monitoring system for indoor circumstance is 

almost toward western residents so far, and previous studies 

about comforts are also focused on western residences too. 

Therefore, various factors are needed to be derived to 

composite comfort monitoring system for Hanok.  

The ultimate goal of this study is to build an Integrative 

Environmental Assessment System (IEAS) for Hanok. The 

IEAS can help process POE and also makes possible to 

perform occupancy evaluation through the building 

performance analysis. 
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II. SCOPE AND METHOD OF RESEARCH 

The purpose of this study is to investigate an assessment 

system of the various factors for environmental comfort 

performance such as individual characteristics, life style, 

social elements, and so on. 

 

 
 

Fig. 1 Process For Deriving Performance Factors 

 

 
 

Fig. 2 Integrated Assessments For Hanok Performance 

 

Hanok style shown from Korean traditional residences has 

differences from western housing for structure, space 

organization, and design as well. This paper proposes a pre-

occupancy comfort assessment system for Korean traditional 
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residences. 

For this study, comfort factors of Hanok residence were 

derived. To induce comfort factors of Hanok residence, four 

steps of analysis have been performed. Each step in the 

process is as shown on Fig. 1 and Fig. 2. One hundred forty 

two previous studies on indoor comfort, sixty four previous 

studies on Hanok and fifteen certifications of residence have 

been analyzed through the steps. 

The integrated comfort index of Hanok is composed of 

twenty nine comfort factors and those can be classified into 

two parts for convenience of assessment. The first one is 

psychology cognitive factors based on residents’ experiences 

such as convenience of building and beauty of building. 

Assessment time for these factors is pre-occupancy of 

building. The second one is physical perception factors based 

on physical environment of building such as humidity, heat 

insulation property, air tightness and so on. The factors in 

physical perception factor can be analyzed before occupancy 

of building. In the final step of the study, these two 

categorized factors can be assessed comprehensively. And the 

purpose of this study is to suggest assessment system of 

physical perception factors. 

III. ASSESSMENT FOR PHYSICAL PERCEPTION FACTORS 

A. Measuring Method Of Physical Perception Factors 

There are twenty nine integrated comfort factors of Hanok 

as shown on Fig. 3. In physical perception factors, some 

factors can be measured by sensor and some of factors are not. 

Table I shows the measuring method of physical perception 

factors.  

 
TABLE I 

DEFINITION AND MEASURING METHOD OF FACTOR 

Factor Definition Measuring Method 

Humidity 
Control 

Humidity control 
performance of material 

and equipment 

Sensor 
(Relative humidity) 

Heat Insulation 
Property 

Heat exchange 
performance of wall, 
slab and roof system 

Plan analysis & Infrared 
camera 

Air Tightness Resistance of air leakage 
Tightness test 

(Leakage rate per unit area) 

Solar Radiation 
Indoor solar energy gain 

or shielding 
Sensor monitoring 

(wh) 

Sound 
Absorption 

Sound absorption 
performance of interior 

material 

Sound absorption test 
(check the indoor dB from 

indoor sound source) 

Sound 
Insulation 

Sound insulation 
performance from 

outside sound 

Sound insulation Test 
(check the indoor dB from 

outdoor sound source) 

Natural 
Lighting 

Natural lighting 
performance 

Sensor monitoring 
(Lux) 

Artificial 
Lighting 

Artificial lighting 
performance 

Sensor monitoring 
(Lux) 

Cleanliness of 
Air 

Dust , CO and CO2’s 
ratio of indoor air 

Sensor 
(the ratio of the air) 

Deodorization 
Deodorization 

performance of material 
and equipment 

Plan analysis 
(material and equipment’s 

deodorization performance) 

Ventilation 
Ventilation performance 

of material and 
equipment 

Ventilation test 
(Ventilation hour per unit) 

Maintainability 
Maintainability comes 

from structure and 
material of building 

Plan analysis 
(Structure and material 

check) 

Security 
Security comes from 

design and equipment of 
building 

Plan analysis 
(Design and equipment 

check) 

Harmless 
Harmless comes from 
eco-friendly material 

Plan analysis 
(Material check) 

 

 
 

Fig. 3 Integrated Performance Factors 
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B. Sensor Network For Assessment Of Physical Perception 

Factors. 

Among the above fourteen factors, some factors can be 

measured by a single test, but some of factors are not. Because 

the weather and solar position give the effect to the values of 

factor, a few factors affected by those would need more 

efficient monitoring system to measure the values precisely. 
 

TABLE II 

SPECIFICATION OF MAJOR SENSORS FOR PERFORMANCE ASSESSMENT 

Sensor Specification Apply Factor 

Smart 
Sensor 

Temperature 

Range : -40℃ ∼ 120%℃(max) 

Accuracy : ± 0.3℃ 

Response time : <4 Sec 

Power Consumption : 30μW 

Heat Insulation 
Property 

Mean Radiant 
Temperature 

(MRT) 

Range : -55℃ ∼ 125%℃ 

Accuracy : ± 0.5℃ 

Response time : 750ms(Max) 

Supply Voltage : 3 ∼ 5.5V 

Heat Insulation 
Property 

Relative 
Humidity 

Range : 0 ∼ 100% RH 

Accuracy : ± 1.8% RH 

Reproducibility : ± 0.1% RH 

Response time : <4 Sec 

Power Consumption : 30μW 

Humidity 
Control 

Anemometer 

Range : 0 ∼ 30m/s, 0∼50℃, 

0∼10,000m
3
/h 

Resolution : 0.01m/s 

Unit : m/s, fpm, ℃, ℉, m
3
/h, L/s, cfm 

Output : 2×4-20mA, 2×0-10V 

Omni-directional Flow Measurement 

Air Tightness 

Eco 
Sensor 

CO 

Analog sensor 

Range : 0 ∼ 500ppm 

Supply Voltage : DC 12V ∼ 30V 

Output Voltage : 

         4mA(zero gas) 

        20mA(Full scale) 

Supply Voltage : DC5V  

Output Voltage : TTL 

              (3V Level) 

Cleanliness of 
Air 

CO2 

Range : 400 ∼ 2000ppm 

Accuracy : 500ppm = ± 35ppm 

           800ppm = ± 60ppm 

          1000ppm = ± 75ppm 

          1200ppm = ± 90ppm 

Response time : < 2 min(Start-up) 

           < 10 min 

Supply Voltage : 5VDC(±5%) 

Cleanliness of 
Air 

Dust 

Range(Density) : 0 ∼ 2.0mg/m3 

Range(Particle Size) : 1μm more 

Detection method: Optical detection 

Supply Voltage : DC 5V 

Output type : Negative Logic Pulse 

Operation Rage : 10 ∼ 45%, 

                 95%RH less 

Cleanliness of 
Air 

VOCs 

Range : Toluene 0 ∼ 75(max) 

        Formaldehyde 0 ∼ 75(max) 

Accuracy : ±7% 

Detection of the target : 

 Formaldehyde, Toluene, Benzene, Supply 

Voltage : DC 5V(±1%) 

Harmless 

NOx 

Range : 200ppm(max) 

Accuracy : ±10% 

Supply Voltage : DC 5V(±1%) 

Output Voltage : 0.5 ∼ 5.0V 

Harmless 

 

There are eight sensors as mentioned through Table II. 

Each sensor measuring one of factors sends the database 

server the collected information through a relay node too. 

This relay node doesn’t have a function for gathering 

information, but is capable of measuring output information 

in the TCP/IP and/or UART channels similar to the above 

PMV case. All sensor nodes are assembled in a set of the 

single module for the convenience of installation and 

management in purpose. A relay node included in the module 

synthesizes information from all different sensors and sends 

the information to database server. 

 

 
 

Fig. 4 Sensor Network For Delivering Performance Factors 

 

Indoor temperature, relative humidity, air flow rate sensors 

and relay node that can transfer information to analyzable 

data are became a module placed in each indoor room for 

generating consecutive data. Other eco-sensors became 

another module that each sensor was modularized by 

collected data type.  Those sensors are also placed in the 

rooms. 

C.Weight Setting For Pre-Occupancy Evaluation  

There are various factors in physical perception area. In 

previous studies and researches, each factor can be evaluated 

individually. Because comfort performance is affected by 

comprehensive indoor environment, integrative evaluation 

method is essential to evaluate pre-occupancy performance. 

 In this study, weight of each factor has been set by 

Analytic Hierarchy Process (AHP) to conduct integrated 

analysis of physical perception factors. AHP is a method 

based on the survey conducted by pair-wise comparison of the 

factors. Fifty people were involved in the survey and 

composition of the survey is as shown in Fig. 5. 

 

 
 

Fig. 5 Survey organization chart 
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Fig. 6 Evaluation Weights Of Physical Perception Factors 

 

Through the AHP survey, weight of physical perception 

factor was derived and the weight is as shown on Fig. 6. The 

weighted value of each factor can be combined together. This 

combined value can represent integrated comfort performance 

for the former residence period. 

D. Control System For Indoor Environment With Ieas 

It is turned out, in sum, that IEAS can perform successful 

evaluation for indoor comfort of Hanok. If equipment control 

systems for IEAS come together as shown on Fig. 7, this 

system can bring great comfort performance to resident. 

 

 
 

Fig. 7 Application Of Indoor Environment Assessment System 

(IEAS) 

Established equipment control system is based on fixed 

values such as recommended indoor temperature, humidity 

and so on. Otherwise, this system can evaluate current indoor 

environment based on resident’s individual situation. With 

recording the displacement of factors and satisfied indoor 

environment, this equipment control systems could be more 

accurate year by year. 

IV. CONCLUSION 

The purpose of this study is to suggest a comfort 

assessment system of Korean traditional residences called 

Hanok. Through this study, twenty nine comfort factors were 

derived and fourteen physical perception comfort factor have 

been determined as the measuring index. Comfort factors 

measured by sensors are automatically sent to the database 

server to analyze situations easily. 

This study has suggested physical comfort factors and their 

measuring methods. So this system does not evaluate 

integrated comfort yet and performs assessment for measured 

physical factors. Future study could suggest weights of 

comfort factors using AHP (Analytic Hierarchy Process), 

IEAS will function for more meaningful analyses for 

performance for Hanok residences.  

As a result, newly suggested performance evaluation 

method is expected to insure high efficiency. As ongoing 

research issue, comparison between Hanok and modern 

residence would be accomplished using suggested 

comprehensive performance indexes.  
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