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ABSTRACT

In South Korea, the government has recently enforced regulations associated with buildings. Temperature restriction &
in indoor environment is one of the common ways of energy reduction in order not to dissipate heating and cooling &
energy; however the people who are in restricted temperature feels uncomfortable. Furthermore, occupants cannot feel ﬁ
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the same thermal sensation even they are in the same place. For the reason, occupants should express their thermal
sensation and HVAC system should be able to apply their demand. It is proved by an adaptive principle. The adaptive  Thermal Environment,
model means that people react in ways which tend to restore their comfort, when change occurs such as to produce =~ Thermal Scale,

discomfort. In order to design HVAC control strategies based on adaptive model, we designated an existing office
building as a reference building to gather data from actual field. Furthermore, we gathered occupants’ thermal sensation

Occupants’ Response,
Office Buildings

and clothing insulation in real-time. We filtered the data with Kalman’s filter method. The data was reasonable when

there is an alarm messages for asking questionnaire. The response ratio were different in occupants’ thermal condition.
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(a) (b) ()
Fig. 2. Data measurement instruments; (a)PMV meter (b)BAS thermal
sensors on the ceiling (c)Mobile phone application

Table 2. Survey methods and period to gather occupants’ thermal
response in real-time

Contents
Survey method |  Period Time -
Thermal scale Clothing
Mobile phone | summer 1228 3103 ngll\llt)rﬂ](;tlhes
application season 16;00 Heavy clothes
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Table 3. Response data of respondents and error rates(2013.06.26. 10:00)

date | Tesponse | respon thermal population (iderfglgelfl)liime)
time -dent | scale
filter |error rate*| filter |error rate*
10:00:25 X 0 4.01 -0.34 4.06 -1.37
10:00:29 X2 0 4.01 -0.34 4.06 -1.37
10:00:30 X3 0 4.01 -0.34 4.06 -1.37
10:00:39 X4 2 5.99 0.14 5.86 2.47
0L 1100223 | x| 0 | 401 | 034 | 406 | -137
10:03:53 X6 0 4.01 -0.34 4.06 -1.37
10:07:33 X7 0 4.01 -0.34 4.06 -1.37
10:10:24 Xg 3 6.98 0.29 6.76 3.62
10:14:02 X9 0 4.01 -0.34 4.06 -1.37

HIO|E{ X} * (< £+ 3.0 %)

Table 4. Response data of respondents and error rates(2013.07.10. 13:30)

date | Tesponse | respon thermal population (iderfgrcr;pl)l%me)
time -dent | scale
filter |error rate*| filter |error rate*
13:30:34 X1 0 4.02 -0.44 421 -5.01
13:30:40 X2 3 6.98 0.23 6.91 1.29
13:30:57 X3 3 6.98 0.23 6.91 1.29
13:30:59 X4 3 6.98 0.23 6.91 1.29
oll33108 [ x| 2 | 600 | 008 | 6ol | 08
13:31:30 X6 3 6.98 0.23 6.91 1.29
13:32:38 X7 2 6.00 0.08 6.01 -0.18
13:32:40 Xg 3 6.98 0.23 6.91 1.29
13:32:46 X9 0 4.02 -0.44 421 -5.01

HIO|E{ X} * (< + 3.0 %)

Table 5. Response data of respondents and error rates(2013.07.09. 16:00)

date | Tesponse | respon thermal population (idelfgrc?l)liime)
time -dent | scale
filter |error rate* | filter |error rate*
16:00:27 Xi 0 4.02 -0.56 421 -5.04
16:00:34 X2 3 6.99 0.18 6.96 0.54
16:00:35 X3 2 6.00 0.02 6.05 -0.75
16:00:40 X4 3 6.99 0.18 6.96 0.54
16:01:05 Xs 2 6.00 0.02 6.05 -0.75
Ol 160132 [ % | 3 | 69 | 018 | 696 | 054
16:01:44 X7 3 6.99 0.18 6.96 0.54
16:04:30 Xg 3 6.99 0.18 6.96 0.54
16:05:01 X9 3 6.99 0.18 6.96 0.54
16:05:29 | xyo 3 6.99 0.18 6.96 0.54
16:07:04 | xy; 3 6.99 0.18 6.96 0.54

HO[E{ QA * (< + 3.0 %)
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L ~ Dat Cooli Time Response ratio
°l € Sloh A 2dits SHS a4ste SELH mAA 9 ate OOME 1 for alarm N (%)
ol mhet Az -SHHE 2lolE BASHA Y Y287 Ao 6/24 ~ 6/28 X 150 (86.2)
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Table 6. Data measurement date and response ratio based on alarm
messages
- . % 8
Time Response ratio i E
Date Alarm | for alarm N (%) £3
6/24 ~ 6/28 @) 155 (87.1) E :’g‘
71~ 5 x 123(3)8 29 (16.2) o ¢
78 ~ 712 O 16:00 178 (100.0) 10:00/13:30 16:00 |10:00|13:30| 16:00 | 10:00| 13:30|16:00
715 ~ 119 X 14 (7'9) 22 July 23 July 24 July 25 July 26. July
20
€ 60
% 8 i
3@ 549 55
L Y a®s
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0+ 0 +——F=————
8 5 1011 1 13 1415 16 17 18 5 09 1011 12 15 14 15 16 17 18 10:00|13:30|16:00] 10:00|13:30 16:00[10:00|13:30 | 16:00 | 10:00| 13:30 | 16:00 10:00|13:30 | 16:00
8. July~ 12. July 15, July ~ 19, July 5. August 6. August 7. August 8. August 9. August

Fig. 3. Response ratio based on alarm messages
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Fig. 4. Response ratio based on occupants’ thermal condition
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