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The residents conduct the various occupants’ behaviours for adaptive thermal comfort depended on variation of
indoor and outdoor thermal environment. There are many studies about occupant behaviour around the world
which showed the relationship between occupant behaviour and thermal environment as occupants’ behaviour
stochastic model.

Occupants’ behaviour stochastic model in the previous studies is calculated by each behaviour. However, all of the
occupants’ behaviours may be related to each other. For example in Japanese dwellings, we often close the window
when tum on air-conditioner. In addition, occupants’ behaviour model in previous study did not include the
residents’ thermal comfort. It is important to consider the thermal comfort in occupants’ behaviour model to clarify
the comfortable thermal environment and energy saving. Improvement of occupants’ behaviour model is also useful
for understanding the realistic occupants behaviour. This may lead to higher accuracy of prediction in building
thermal simulation.

The objectives of this study are as follows.

1) To develop the occupants’ behaviour stochastic model considering with residents’ thermal comfort and
relationship of each occupants’ behaviour.

2) To clarify the residents’ occupants behaviours in the dwellings of Kanto area.

3) To simulate the occupants’ behaviour in Japanese dwellings based on outdoor air temperature using developed
occupants’ behaviour models.

This field surveys were conducted in 120 dwellings during a for-year periods in Japanese dwellings of Kanto
region. From this survey, 36,114 responses were collected.

The window open/closed, air conditioner and fan use stochastic model were integrated in one model explained by
outdoor air temperature. This integrated model showed the amount of opportunities for each behaviour by relative
proportion. When the outdoor air temperature is 23.6°C, the proportion of window open is 0.52 as maximum value.
When the outdoor air temperature is 28.9°C, the proportions of window open and cooling use is same. When the
outdoor air temperature decreased from 28.9°C, the proportion of window open is higher than cooling use, and vice
versa. The proportion of single fan use is lower than the combined fan use with window open or cooling use, and
thus the residents in Kanto region often use fan as combination with window open or cooling use.

We have also analysed about seasonal transition pattern of occupants behaviours for considering the models. The
proportion of cooling use in autumn is higher than in spring, and the proportion of heating use in spring is higher
than in autumn. The relationship between each proportion of window open, fan, cooling and heating use and
monthly mean outdoor air temperature during the voting, There is larger difference of proportion of window open
and cooling use between when the outdoor air temperature increasing or decreasing, The cooling use model was
calculated for the periods when the outdoor air temperature increases or decreases.




The cooling and heating use model were calculated considering with the residents’ thermal sensation vote. These
models showed that the proportion of excessive cooling use reach about 0.04 in summer.

The window open/closed and cooling use behaviour for one hour interval is simulated using developed model and
measured outdoor air temperature in the meteorological station. The behaviour change was found in nighttime, and
thus the time-wise control might be important for the realistic behaviour simulation.

From this study, the occupants behaviour stochastic model was developed to clarify the residents’ behaviours in
Japanese dwellings, and we have tested the occupant’ behaviours simulation using developed model based on
hourly outdoor air temperature.
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Figure 1.1 Spread of air-conditioner in Japanese houses.
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Figure 1.2 Number of air-conditioner in Japanese houses.
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(27):#H# > (1987) TZE - HR - @)l Cooling, heating & kotatsu E58EE
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(Bt (2003) e Clothing insulation B4
(32) [331WE S (2004) KR Cooling & heating B
(34)%&8% » (2006) i - 2<IF - R Clothing insulation Office

(35)DeCarli et al. (2007)

(28)B&» (2007)

(36)Rijal et al. (2008)
(37)Haldi & Robinson (2009)
(B8)BA - #& (2009)
(39)Schweiker et al. (2009)
(40)Rijal et al. (2011)
(41)Schweiker et al. (2012)
(42)Andersen et al. (2013)
(43)Rijal et al. (2013)

(44)= 3% > (2015)
(45)Schakib-Ekbatan et al. (2015)
(46)Nam et al. (2015)

(47)Li et al. (2015)

(48)Rijal et al. (2015)

(49)Singh et al. (2017)

(50)Stazi et al. (2017)
(24)Kim et al. (2017)
(51)Jiao et al. (2017)

(25)Takasu et al. (2017)

(52)Pan et al. (2018)

(53)Liu et al. (2018)
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Frankfurt (Germany)
Korea

Chongging (China)
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Tezpur & Shillong
(North-East India)
Italy

Australia
Shanghai

Tokyo, Kanagawa

China

Changsha (China)

Clothing insulation

Window

Window

Window

Cooling

Cooling & Heating
Window

Window

Window

Window

Window & fan
Window

Clothing insulation
Window

Window & fan

Clothing insulation, window, fan

Window

Window, cooling, heating & fan
Clothing insulation

Window, cooling, heating &
clothing insulation

Window

Clothing insulation

Office & residential
building

FE

Office

Office

FE

Dormitory room
Building
Apartment, House
Living room
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Office

Preschool

Office

Living, Bed

Office

Classroom
Elderly care center

Office

Office

Office




(61)Du et al. (2020)
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(54)Xu et al. (2018) Nanjing Clothing insulation & heating, hot  Traditional dwelling

water bottle
(26)KC et al. (2018) Tokyo Window, cooling, heating, fan & HEMS

clothing insulation Condominium
(55)Rijal (2018) Nepal Clothing insulation Traditional dwelling
(56)Kumar et al. (2019) India Clothing insulation, fan Hostel building
GBNFES (2019) S Clothing insulation Office
(58)Rijal et al. (2019) Japan Clothing insulation, cooling & Office

heating
(59)Gautam et al. (2019) Nepal Clothing insulation Traditional dwelling
(60)Nakagawa et al. (2020) Nagano Clothing insulation Classroom in high
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Chongging (China) Window High-rise buildings
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2.6 TliX, 74—V NHETHEONZT — & ZHW T, ERNIMEEBRE O P i B 5
DiifiE R L, HENRET — X OME LRI 5,

2.2 XARDOME

AT, ERBIZBT DT 4 — /L NHEORIE - BT — 2 2 VW iciiatith L = o v
2—F VT 2T HHWEEREAAT Y I 2L —arD 2 AT v AT b6NRD, K
2.1 ICARWFIED 7 v A %Rk,

T4 =V NHEDT T = 7T, BEREICHND T 7 — RO EHCHE H
HOF R L O AT 9, AEZEZIC, WET —FBLOHRET —X 1L PC E~EWY
AN, T—H B AT 7= BT, MR 21T o 7,

Planning field survey
1. Field survey
Conducting field survey

— Data entry
2. Statistical

analysis

| Statistical analysis

[ Planning detail

3. Behaviour for thermal simulation

simulation

Conducting simulation

Fig. 2.1 Process of this research

2.3 74— FRAEOHE

AREITIL, ARG CTHEHRITICHN D T — 2 ZIUE LT 7 ¢ — /L RREIZ DWW TR
%, AT CITIRBBRBTHIE & ONFIRFIZ SE0E S AU 72 BRET IR TEIR AR - B PR 1 i 5 5
ENO/ONTZT —Z MO TN & To72, BLFICZ O ERT,

(a) WX LFAENREE

AR T B HIR GO, #2431, T, B0 120 o EE irbhiz, £2.112E
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IRHIRIC BT DB REEORERT, Fx OREIL 1 FICKSEHHETH D,
BAMERCREMEZBRE LI BEEORE I TORN T2, ZAHIEIHFEBICALND
HARIZR T 2 FHN 2@ IZ B A b D, AT H 5 R OISR & AR I R O 18
M 2.2 128 L7e, PHANVSIRIZAZE TIN5 CE TR T2 DIz L, EFTITK 28°C
i?hﬁ%bfﬁb\@ZV%@%@%%O%%T%é_&ﬂbﬁéoit\ﬁﬁ%%®
ARIRZ I L72b D&M 2.310F L 7=, (BB & TR D 7 DR A RO Ml
WThHDZ EBERTE S, _ODJ:ofotﬂﬂﬂZ“C IR T HIDOITEIEH LS T DT
DOITEOM ST Z2E 02 CRITTIHERNS L7120, BREFEITHOMENKETH D
EenEZLND,
%EWWiUByfkﬁﬁf&é FAAIARIIX 2010 426 H 7 H~2014 48 H 9 H DM
5ENT/T B, ZOWND 4 ENIK 14EM, 7D O 1 ENXEZFEO—H O FEfM ST,
# 2.2 ICKPED /2T A3, AFA THWIZRIERELS & BERROMm 11X, A5
FEEOREE 1 41, ZITWMY PHERE, B, REAETEEE L, LzRn->T, i
FhiE NFERBEE~HMT 5 2 L1377 < 3 2ORETITEE X A T OFEREM b7
A RSNV Wl
Fio, BAINTWDHZT a U ZEHIC oW T, HBIRRER « 2EEZ225H O BNIEHA L <
W, LarL, BEEZEHS AT JIA 7 4 AENVRETEHEAINL TS —H T, — &Y
RETTIHEBRENOZT 2 OFRLNEMEIND, TOH, SAEZEHNEAS
NTWLFET 4 ZAENTHLND XD Ze— o BEHIEMOZEH TIIAR <, BEEE LN
AL FRVEA L EMHL THRELZTVEZTNDLZ LE2BET D,

Table 2.1 The number of investigated houses in each meteorological station

Tokyo Chiba Kanagawa
Nerima Tokyo Haneda Funabashi Yokoshibahikari ~ Yokohama Ebina Tsujido Miura

0 3 0 0 7 0 0
38
8
25
7
85

Total

Survey

11
57*
10
30
10

(O T VS I S R

NS © O N
O [— W D O
W= © © N
wWlo © O w
O [— DD O &
Wo © O N~

Total 118

Arlw|o © © W
A= © © = O

1 100

*2 houses have no measured data.
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Figure 2.2 Variation of the monthly mean outdoor air temperature and relative humidity in
Tokyo meteorological station (2010-2014). The monthly mean value was calculated using
daily values.

(a) Variation of outdoor temperature

E 40 Tokyo
g 30 Stockholm
g - - - - Vladivostok
g 20 Heathrow airport
= -~~~ Ankara
‘é 10 ~————— Cape Town
§ 0 New Delhi
o
Lol —
z L
§ 20 - === San Francisco
= 1 2 3 4 5 6 7 8 9 10 11 12 ---- Callao
Month
(b) Detail of each meteorological station

City Country Latitude/ Longitude/ Altitude [m]

Tokyo Japan 35°N/ 139°E/ 25

Stockholm Sweden 59.35°N/ 18.07°E/ 44

Vladivostok Russia 43.12°N/ 131.92°E/ 187

Heathrow airport (London) UK 51.47°N/ 0.45°W/ 24

Ankara Turkey 39.95°N/ 32.88°E/ 891

Cape Town South Africa 39.97°S/ 18.60°E/ 46

New Delhi India 28.58°N/ 77.20°E/ 211

Beijing China 39.93°N/ 116.28°E/ 32

Sydney Australia 33.93°S/151.17°E/ 6

San Francisco USA 37.62°N/ 122.38°W/ 6

Callao Peru 12.02°S/77.12°W/ 12

Figure 2.3 Monthly variation of outdoor temperature in each city. Monthly outdoor
temperature during July 2010 to August 2014 have collected from Japan meteorological

Agency website [75].
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Table 2.2 The detail of field surveys

Survey Survey period Dwellings Number of subjects Number of votes
Start date End date Total Building type Male Female Total Living room Bedroom

1 06-7-2010  18-7-2011 11 Not asked 16 14 30 3,300 2,558

40 houses (wooden: 33, RC: 1, steel frame: 5, anonymous:1

2 05-8-2011  06-9-2011 % &19 co(ndminiurns (wooden: 1, RC: 16, steel frayxm: 2) k 52 57109 2861

3 21-7-2011  08-5-2012 10 Not asked 11 12 23 463 984

4 25-7-2012  24-6-2013 30 Not asked 26 28 54 13,083 7,061

5 10-8-2013  09-8-2014 10 5: wooden houses, 1: RC condominium, 4: anonymous 14 14 28 2,679 3,125

Total 120 119 125 244 22,386 13,728

(b) BEEFE
FEERIZ 1 BT ORI 252 E L, 10 /MR CEXURIEE 2 JE ek L=(X 2.4), &
U —IXES AN 72 5 AR R R 110em O E SICRELTH S 9 X o {EF I L
1£0.1CTh 5, SRR
FRGTOR—LX—=V TRARIN TV DS EHIEVWREED 10 5EOT — #7151 % H i,
FMRGE &SR T DA IR A R 2.3 IR, ABFZETIE, BT 4 —L K
FEOHFCTHATE ZHEEBBIROND 72D, Ax OB ERMRE L L TbAE
R & b 5 [IR K OB E 2 JE Lz, £/, —HoM&ED ) v 7/ Tixs
27— 7R S HE Lz,

77 BIERSEOREFFHIL 0~55°C T, HIEREITZLT0.83°C, 47

77 bk

+He

Figure 2.4 An instrument used for measuring air temperature and humidity

Table 2.3 The instruments used and their accuracy

Trade name Measured parameters Range Accuracy
TR-74Ui Air temperature 0-55°C $0.5°C
Relative humidity 10-95% 5%
RTR-53A Air temperature 0-55°C 1+0.3°C
Relative humidity 10-95% +5%
TR-52i + SIBATA 080340-75 Globe temperature -60 to 155°C 1+0.3°C

7.5cm diameter black-painted globe
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(c) BERELFE

A5t G N BT 120 fibiE D 244 A(BME - 119 N, bt 125 M) Th o7, HiE LzfEE
FHOFERIL 13~T4 i Th Y, fHRE L TRAVVEREOBEEZFICEELTHLH-> T,
A 1E L 1 BIC 4~6 B E T B VAR OBEERI# O 2 BIEEH, 7272 L hiREEE
RRLH A LRV RSN TE 2 HERREN 2 » A%y, MricL, S#EAZ EIChRAAZIT-
7o ob, BHERKOMFIIN 2 » A LI LW Floss#his Lz, BET5EEED
AMERT M, FEZTBEO HEOAEIRY X AICARERIR Y TS 5728, BT
filL7en 2 L DRNE ST, BIEFEFMEAMEEOFA I 7 TRZELZ LT b 72,
7o, BETIEHREARRMTEEORIL, BRATHD HEMOMFICADER]] & TER
BOMANSHTZER ] © 2 BICHELTHL o7, 2F0, BERROHEBFEEL, U
B TIZBWTIEAEHORERE LA ThD, o, ABELTWAFEKRTHLHREDZ A
SUTRERD EIFRLR,

T — NREL, BEFOREMEICET 2HA L REREITEOREICET 5T A A
bbH. B, BEOMAE TIIMEROE L gERZ - BIRZORAEHB b H 5, AHFZED
B4 F W5 EICBWT, BVWIPSEMERE S L CTHWE 8B 2% 24 (O, BE
BUTBRRBLA AT 7T BB TREND, ARETIZZO & S REBEFERENS, HERFO
RRBICERBEWETFEREL T b ol

BHMAE =T amHE - BEOERIZWTASL T0: 6, 1: ) < [0:off, 1:0n] ®
EHVCZHER—FRTHEL T B o72(X 2.5), BREFEITEIORET, BAOMRERRA
DHAE L THEEDHA IV TIZEELTH bololow, BREFEITEOREIT T8
FATEIBRLS - #T)) 2R L TWD LIFRL R, 72720, BEOMA CIIREN%Z OIRE
MHZT A REED onloff ¥ A~ —REDH AR T L5 Z LIZATRETH D03, AW
TIEHERFOEHAAEN - PO LHERET VA DIT L2 e, T b DEWNIT
SHOOHREE T 5, FEREOHPEIL, A 7 A MRET6]% H\\ 2% Tk & RERFOEF KD
FEZ B DSOMET S, i 2 2 OFENFEm SN, Foh-mEHiT 36,154 i TH -
776

Table 2.4 Scale of thermal sensation

Scale |#£2 & (Thermal sensation)

1[FEH 12280 (Very cold)

2|#€u~ (Cold)

3| (Slightly cold)

EHHH TR (B BES B2
(Neutral)

LRZ 1 (Slightly hot)

211 (Hot)

FEF 22 (Very hot)

o1

D

~
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Questionnaire of living room
1st 2nd 3rd 4th
Hour [ 9 [ 16 [ 22

Date: | 22th, July | Name: 00 XX Voting time® | = T

Please write 0 or 1 for adjustment condition now in living room.

Window 0 Closed 1 Open 0 0 0
Intemnal door 0 Closed 1 Open 1 0 0
Cooling 0 Off 1 On 0 1 1
Heating 0 Off 1 On 0 0 0
Fan 0 Off 1 On 1 1 1
Please write preset temperature of AC-Unit now in living room. | | 26 | 26 | |

Please select your clothing value now from followed image scale.

g @%ﬂ b

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

do [03]03]03] |
Female
!ll

Figure 2.5 Questionnaire for the living room (extracted from the full questionnaire and

translated from Japanese to English), and an example of voting for a summer day. In this
example, the resident voted three times in a day. When resident voted at 9:40, the internal
door is open and fan is on. When resident voted at 16:30 and 22:00 the internal door is
closed and AC-cooling and fan are on. The preset temperature of AC-cooling is 26°C for

2nd and 3rd voting.
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Figure 2.7 Mean outdoor and indoor air temperature measured during the voting (Mean +2

S.E.)
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coefficient of determination, S.E. is the standard error of regression coefficient [°C]. The

significant probability (p) of all regression coefficient is less than 0.001. The dotted diagonal
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month (Mean + 2S.E.).
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(a) Heating use model (b) Cooling use model
g, %,
2 2
) HT off g CL off
5 5
] HT on e .~ CLon
o _ o ____—
g, ° % 0
& Outdoor air temperature [°C] a Outdoor air temperature [°C]

‘ Integrated with heating and cooling use model

(c) AC use model (d) Window open mode (FR)
g 1 — —:Lz -
- - :
< ' S8
- HT off and CL off § o Closed (FR)
5 (FR mode) , £t 3
£ g2
§ HT on CLon £°3 Open (FR)
A 0 - - —— gt

Outdoor air temperature [°C] Outdoor air temperature [°C]

Integrated with AC use and
window open (FR) model

Legends
..... FR mode
— MX mode

Figure. 3.1 The process of calculation for window open model in MX mode.

(e) Window open mode (FR & MX)

1 fpe—— - - - e e—

Proportion of window open

Outdoor air temperature [°C]
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Air conditioner use

Window open (Window closed)

Heatin a—"‘.‘..‘ -~ Coolin
2 9 N 9
C ./ \
w £ 7 \
© 5 7 \
c Q
[e R eN / \
£ 0 7/
9 * Window closed \
o 8 / (neither heating nor cooling)
a s
©
©
Q Window open
(neither heating nor cooling)

(Winter) (Summer)
Outdoor air temperature [°C]

Figure. 3.2 The model concept of the opportunity of air conditioner use and window

open/closed behaviours explained by outdoor air temperature.

3.3.2 EEF&E

LUFIZiE, BB - =7 a v EEEHOMRSET VORI FEC OV THIT 2, £
7=, BEARCET VOMEN & i3 2 7o DI W= 7 A% L Polynomial logit (2D T
binHE 92,
(@) vvRT7 4y 7 ERINEAVZGBEREEH L BREBOREGET NV

2T, BTEIORBEM » =7 2 iR O A BILR 2 R, ARFSE TR IR
L &9 ETHREFEITEET VORI FIEIZOWTIHRS, AFETE, RQDorY
AT 4w 7 B E T, REFEITEIEG PICEEENRS Pur & GHEEREIS Por.
FR & — FIZB T 2 BHEEIS P 4TI SFEEOXNEZR T 5, 7ok, BHKE
BAZOWTIHBEENIZE (43) & [RERIC  AVKUR EFICRT LT Pume S ERMEM O E 7255 %
(ZHASNTWN D, £ LT, BRI & RIS TR &y 5 M AR
b, b 3FEONE LT OBHRAIZARA L T MX £ — FORMMEIS PriHHT 5,

Pw= Prrx Pwrr =1 — (Pur+ Pcp)}x Pwrr (3.1

Pw: MX &— NOEMKE S, Prr: FRE— ROFEIGTHD, ZOFRAEZHND Z &
T, 1 >OMPIZ MX £ — FORBFKEIE & miEEE AT G 2 HSOoR~E S, 2F0 ., #l
TET — 4 OANVTIRFHIZ B O CTRFTIELL FOBFRR S RN T 5 L ETE 5,

Pruar+ Per,+ Pw+ Pwerr=1 (3.2)

Pwerr : MX E— REOHTRSHRE LIZEEO =T 2 U IniEEAEAREOBAHEE TH 5,
ZOAB.2IFH 3.2 DA DOREREI G 2R L TV D,

ZORMHIETIE, BBMOEIGFHRO MR 2 R EIS O¥MAZ AV TERBE L Tn
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EREmORERT, DED . ZOFETIIRRBOEIFHROTGIR & m B 0% S12G
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(b) v ZEa%% [25] [82]
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Y=-(T)}2/(202) (3.4)
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R L 722,

(¢) Polynomial logit [24] [37]

Polynomial logit 1%, 2U2.1) TR L7z P 27 ¢ v 7 B O a+b T, 72 —IREAE I Y
ZNEY @SROBEBETHE LR THY, UTDXoIckEND,

logit(Pw) = a +yL,(T,h (3.5)
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ERFROFFBIZHOWTIX, A7 ABEETIIMEE O FER MIRBICRE SN D, L
Tehi o T AVRIRD EFICK T 2 BBEIG O L5 - TROMERBFECIZR 5720, LA -
TREOEMBAEWVIZTH L 2 RBERH D, —FH. RUFETIRE L7 Tk & Polynomial
logit TIFAEAL KR VIR T2 <, ZBRKEIG O LAEIN & FREEm OEWE2 KRB LIS
HEBEZBND, FRICERBEIGD BA - FRER & 72225 SV RIRFICE N TS, £h
ZRUZOWTHMNIMHE 2R ETE, ERICGTWET ANRHICAE A & R DR H 5,
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Table 3.1 The characteristics of regression lines in each analysed methods.

. Data collection of building ~ Asynmmetrical ~ Relative Simplicity of
Analysis methods . . "
controls for calculation slope proportion the coefficient
(a) Suggestion of this research Window, Cooling & Heating Yes Yes Yes
(b) Gaussian function . No
- - Window EE— No
(¢) Polynomial logit Yes No

3.3.3 ERF- 7 VABEEAOKESETILIORY
(@ BYRT v 7 BB 2ERERETHET VOREH

BARA - =7 a v BEEEHOREET NV ER T 572010, RIRIZBIT 22 VAT
« v 7 B HTE T B R OREEMEH - FR ©— ROEBKOEIA &4V IR O BIR
N I

logit(Pcr)=0.277T,8.090 (n=34,681, S.E.= 0.004, R2=0.26, p<0.001) (3.6)
logit(Pu7=-0.2337:+0.755 (n=30,568, S.E.=0.005, R2=0.26, p<0.001) 3.7
logit(Pwrr)=0.2417,5.561 (n=25,212, S.E.=0.003, R2=0.35, p<0.001) (3.8

I B O A ST BREE A TE) L AV O BR Z PR L2 b DA 8.3 Th 5, AR
4 CUTF CIEEFEOBRIEIG DT 7 > FAY 0.4~0.5 OHFIPACTEHFT BB & 722 0 | BIUFHE & O
TERENR SN D, ZIUISNKIED 29CLL LOBEDKE - BRbLFREETH D, ZORHE
& LTI = R EIC L 2 B KGRESR R & W o To 2 Do TENOPF A ZE T b b,
KD TR ENer AT ¢ v 7 BECIEL 01TV 22 < SEVWVEB LN ITERY 722 <
PIVMEIZIR T 2B &2 Fi2720, 2 OMOITEIO PRI X 5 e Kin B EIA ORI
LT, BT LHRE LSBT 2 IRV TH D, RECTITRRMEL =
T 3 RO I A A O THXHNC A D Z ENENTH L7720, ZTOMDITEID
BREICOWTIXREILAEORE L 35,

B E 22 & AR BSOS CTREBEAEIGIHERT LT A, mEHEHS FR £
— FOEBMOE ST EF LT ZERNNNnD, L, BRRESHAEGIINEOS
ALHBEL TANSWESTHRB L TV, ZRIZHOWT, BOEE CIIEEMS LM
HRHEE L W o2 OMOBRERBATEI G175 2 & T, 2RVWREHFHTH->THZ DR
BRICHEIC TE TCWDREENFET D EEZ NS, £, BETHOIIIAMHOTE
ICXD2ERNBRREOUEDHITH) Z & T, BRI THIEENTURMES THIEREZ T 5
LTV EDTIERWNEZEZLND, ZOXHICY BT L EETITIRENEITH
DIFRIEP R D Z L B ONDTD, WEGIT R OEWEZE LI BT 9
VEH B D,

34



3 E  AHABIRMEIC IS W A BB ST TENE 7 /L D B3

=
o

o
©

0.8

O o o000 oo
O P N W DD U1 OO
>

A
[ ] . Ao
gt eaaagvet S taryat

0 5 10 15 20 25 30 35

Proportion of occupants' behaviour

Outdoorair temp. [°C]
Figure 3.3 The stochastic models of each occupants’ behaviours explained by outdoor air

temperature.
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Dpw= Pon— Porn (n=1,2,3,...,7) (3.9)

EmmzmmcwﬁmﬁﬁmﬁAf%é #* 3.2 ZHERT D&, RREHBGEIG DOTEA
MOBENDIEE DrwHIRELRDT20, FERFRMEIZFEBL TV D23, n=6 TH 0.011 D7
LR W ERghoTz, Zivd, AARIE 20CO%E1T 32 CHOLA L T 1.1% LA
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TEDH, TNHDZ D, BETIEIC X 2 BEBEIS ORI A IR TR IZHE
BFENTWDED, RO 7 —ATIEILT LB ERFMTIE eV LR TE T,

Fro. AHEITIE, BHEFTE TITOL TWBEFE O Fik & RO M2 ED K 5128
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B L CTODEIRDHT 24T o7, A7 ARE K% O Polynomial logit 2 W CTHELTZ, MX £
— ROERET L ORIFAE LLFITRT,

Ao RXEH

P,=0.473¢Y (3.10)
__ (1,-265)*

Y=- s 3.11)

Polynomial logit (Quadratic)
logit(Pw)=-2.386x107T,2+0.254T,-5.407 (3.12)
Polynomial logit (Quartic)
logit(Pw)= 2.0496x10°T,*-2.2459x107T,?
+7.289x10°T,2-0.6418T,-2.592 (3.13)

INHOBBRREL 33 D Pyo EIRITKRLIZHOMRK 3.5 THDH, Fio, EFEICLD
BRBBBES & FORONKIR G 34 17T, 7277 L, BURRE R Cad & ks
A\ 72 Polynomial logit T3S IR LAk U CEBKEIG & EAT 2O E 72> T
Do ZAUTFE 3.3 TR LULEBS N D BB OB (Pro) DIEIA & Big ZEIFHRTH H 7=
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REEFEOEIEEEOE N LICE D b0 L HERITE 5,
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0. 8332 THlBRZHEY, ZOMOTIELZLE L TENZ EBNShoTe, e REBRGE
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FHEDREYFIROM X ICHBEINTEBY, ERRNTZEBEXOND, Fio, ARITIERFE
NEBTEDREFEOFPBINEIZZ 4 v F LTI LW, BEDZ U 27~28COBLHIE]
AR E T oNIIDIC, BEFEOBWENOAFRNAIZ R oTEEZ b,
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Figure 3.4 The stochastic models of window open in FR and MX mode explained by

outdoor air temperature.

Table 3.2 The values for verification of asymmetry of MX mode regression curve.

T, Dp,

26 -
26+1  1x10™
26+2  0.001
26+3  0.002
26+4  0.005
26+5  0.008
26+6  0.011
26+7  0.014

Table 3.3 The number (n) and proportion of observed window open in each outdoor

air temperature rounded at 1K interval.

° n c)|——"  p,
L e TR o T
1 320 4 0.013 18 1012 217 0.214
2 439 9 0.021 19 1006 217 0.216
3 696 18 0.026 20 1221 360 0.295
4 768 20  0.026 21 1245 491 0.394
5 762 12 0.016 22 938 423 0.451
6 844 17 0.020 23 958 479 0.500
7 944 18 0.019 24 1224 610 0.498
8 907 15 0.017 25 1302 641  0.492
9 790 10 0.013 26 2355 1081 0.459
10 863 14 0.016 27 3245 1315 0.405
11 781 22 0.028 28 2400 1025 0.427
12 861 23 0.027 29 1639 732 0.447
13 877 34 0.039 30, 1052 462 0.439
14 1003 45 0.045 31 841 370 0.440
15 893 85 0.095 32 656 255 0.389
16 983 111 0.113 33 369 142 0.385
17 1057 146  0.138 Total| 35251 9423 -
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Fig. 3.5 The window open models in each methods.

Table 3.4 The maximum proportion of window open in each models, and the outdoor air

temperatures when Py, is max.

Regression equation Pwmax T, [°C]
This study 0.47 26.0
Gaussian function 0.47 26.5
Polynomial logit (quartic) 0.48 26.9

(© =T7arvmBEEFERORGET VOREH
4 3.4 ® MX E— FOEMBKEGITHEREHAEISG LR TERL TWLH72, X 3.2
D LN DORFITHF NIRRT Z ENAEETH H, ARHITIE MX E— FORRKEIA
2Nz, WEREOHEREIEG b & O TR LIERAEET V&K 8.6 17T, ZOMT
X, BEREGREATEEIS OB LT 72 7 L b, SMROBO Y Hl5 6 OfE % B
THEATENOEI S L 72D, FlZI39VKIE 15°COREE Pur=0.061, Pcz=0.019, Pp=0.115,
Pwerr=0.805 £ 720 . 2o OEIGERGRT L OICHFHTDHE 1.00 L7ed, Fi-,
R 7281 2 s AR O EE & ORI TEIE & 2 % 3.6 1T~ T,
AR Y | AR EFCS U CEBBATEN IR R BB EIG 0 0.47 £ 725 26.0CET
J:';Htﬁﬁﬂ s L, AT B A~ 8] 0 B 2 OB CIMEIZ 22 5, 7272 1L, 26.0C
FRERBH GO NG HEEREAS LY bEVECTH Y, B L BHEEHROES
O)j(/J\E'gH*?%]\ﬁ/L*ka) DTS IRDS 28.3 C@H#T‘% 0., =T armEENBLOERK
DFENEOINZ 0.44 LD Z e nbhoTc, HAKINRINEY EHT L EmEEREIEDH
NE < ARBME T T 5 & ﬁmﬂAmﬁ#m<ﬁéo_®;9& BAFEATERIG O
km%%i JREEATBY OB O 72 IR LoEEZ b,
5B &R O AEIA XAV KIED 17.83CO & X2 & HI120.04 £720, SKIRD N
;Dhﬂﬁé&@%mﬁ#%<\ﬁﬂtﬁ?ﬁé&%ﬁ@ﬁﬁ%<&éoLWL\iﬁw
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Figure 3.6 The stochastic model as relative proporiton of each behaviours explained by

outdoor air temperature.

Table 3.6 The distinctive points in the model which show relative proportions.

T,[C] Proportion
12.9 P wcrr max * = 0.82
17.0 Prrma =0.93
17.3 Pyr=Pc, =0.04
26.0 Py max = 0.47
28.3 Py =Pc =044

*  The maximum proportion of window closed
excepted with air conditioner use

3.4 BEBE/I7aVUABEEEAKEETI~AORARERADKES
AREITIE, AIEICHEONZEBBEI—T 2 IBREOREET M, REWER ba 7
52 ET BROEEICK T 2 EEE OREREITEHOREBEZMAT L L2 AL T 5,
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D — AR DA A LT D ENR D D,

Z ZCAMNKIRZ AR L LT 56 OREREEE & 7 L O iRt DG 21X 8.7 O X
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TartBEEFRHLTCERT S ZEA2EBW®T 5, LirL, EEOL A BFE L BEMED
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ZNWZBWTHFREETH D . KITHHEIEN EIZEETICELONE, KB CIETE
MTERV, UL, BEBEHEIMER & REM&ERBRO RO &6 5 07— AR R KITE)
FENENDONG, HENTERNI L 2B%RT D,

L LS5 K 38.7 TRUARRE T LN ENL BWIETNICRILTE TV 5 00 RiEE
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Figure 3.7 A hypothetical model for single and combined fan uses to be explained by

outdoor air temperature
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Figure 3.8 Observed proportion of single or combined fan use for the ranges of 1°C bin of

outdoor air temperature (Mean = 2 S.E.)
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Figure 3.9 The regression models of single or combined fan use explained by outdoor

air temperature
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Figure 3.10 The stochastic models of each occupants’ behaviours explained by outdoor air
temperature using modified logistic function.
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Figure 3.11 Integrated window open, cooling use and heating use model
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Table 3.5 The distinctive points of the window/AC integrated model

T, [°C] Proportion

13.1 Pwerrmax*=0.81
17.2 Prrnas=0.95
17.3 Prr=Pcr=0.02
23.6 Pwinax=0.52
28.9 Pw=Pcr=0.43

*The maximum proportion of
window closed excepted with
AC use

(b) BRAKERETILOHKE

FFHEIZENCS U T, Eﬁ%@ﬁ%N&~y%mﬁ%K%%¢5twK\%m%ﬁ%ﬁ@
EHRROHEATT VA~DFEA ER A D, X 31212, B/ T a  BEEOREET L~
OREBEEHET VOMED T vt R ERT,

RN, AW I OWT, ETAMEEIT O, RAEWEEMEEHoOE7 VITBEC
X(3.18), XB.1YTHH LY TH D, ZDX%E [FRET— RICBITHEEMESG] L L
THAEZEIT O, BEFEHEREIAS & FR € — RIZRBIT % 7&K O B RWS A6 B4 2 k4
e IHEFITDIG, L L, ARIBRE L 251220 T, mEWEMMEH & FR £— R

BT 2 BEHEHFEO B EBE A HEI SRS IS > TS, ZOAKIE EFICE T [FR £
— FIZkT 2 BAHRF O REREAEREIS ) ORAIL, EFRICB T 28 TEINEEE I
Lo THETHLZLEEWT D,

2, R(3.22)(3.23) TR L 7o B FH & BRI DET V&G T 5, #ih LIokES.
SVKIRDY 29.1°C OBFIZEBW T, FR £ — N OB 135 BWERE A E1A & A AEIA 2
EHIT0.214 EpoTn, Fio, AMKIRD 29.1°C KV b &< 72D L R R SE F &5 BR ik OF
FEOFTREL 720 KxHZ 29.1°C £V HIKL 72 5 & 5 EREE H &EBH I OF I EIG 0 07 53
K< 22 ode, REWEMER&ERKEFHO 7 — 2%, BRI OA T2, BHEEIZL DA
TR b A END, FOTD, HIRWSR & AN TR OB FEZ Bk LTl
DEXTNDIEEBEWT D, WThic LA, FHEEBHICI T 25 E2FIA U787
HIHAROFEEBICBWTEETH S Z L LERT S,

c%12A(3.24)(3.25) TR LIc A& =7 2 VI EIFHE T VARG T 5, it Lok
R EOAKRAFICBO T HREME&E =7 2 i BEIFAEISIE= 7 2 v i E M HEE X
DHD7enNZ ERDhoTz, £, TNOOFEGEIIANTIEN LA THIFEREL 2 HM
MThdHD, ZHETOEY, =7 a IEEARICITIREE#Z 2 K0 & BEIofif
THLZEDTHBIFATND ZENHERTE D, £o, =7 a v HBREITRERE KT S

47



3 E  AHABIRMEIC IS W A BB ST TENE 7 /L D B3

LI L HDZ D, =T 2B EEARRCREMEEZ AT 2 2 Si3ben &b
HEhs,

INH 3 ATy 7TOMET R AZEL T, BEWEHZEBRM/~7 2 v mREREGT
FA~NHEETDIENTE, TORD, 2L OFKBREFEITEIOME OE & ik
HIENTEDLI IR T,

Az 745 &, AAVRIRO ERICKR LT, BBREHIGIE 23.6°C £ Tk EABEmE R L,
23.6°C LL EIC72 % EVMEANCER U D Z E B> T AH(EE 3.5), UL, FEEE &
BHGOFRAEIA T ERMEAOREZ R LTV, 26T, BEEZEZBWMIICLEL 2D
HZ= T3 BRI ’EVT%HL®E%§Wﬁﬁ%ME&wat:&%%%T5 S
BB IC B W T A OB VBN Z G5 72012013, REMZHHT 2 L3/ 7T
BED—oTh b, TN OBREMREITE Y — 2B\ T, [FEEEMEH] BLO &
Bl DI [RBR&REEREGH ] @ 3 RF — o0 Tt TR0kl L 2 B T8
LEZDHTENTE, ZHITM 3.12 D Stepd DEAT OSBRIV TOTY 7 & L TEH
ENb, 7oL, SR 23.6°C LV E< 725 & TREOBILIC X 285178 OFIA X
W32 ENbnnd, BIBEIGIET Y ZABED X5 M2 201 LT, FEE
HOMEREIS B8O T IR OMIIC X 28T Ex DL, SMRIR LR ICK LT
Mg 2279~ & B 2 BTz, ERRIITREBEEME B G R AT v 7D & 9 h—iE
T o7zl FERICT U A L5 2l & e o7c, ZHEHSEY, EFED LD
REBNSGESICONT, =7 a VBEERO X 5 7228 KARE B IR JiFE T 5 BB
TEOREREEL ENRS 2L 2EB®RTEE26N5,

T AR LG ET V(X 312 DREMEE T L L ZOMOITEIZEE L 220
*ﬂxﬂ"]fi)ﬁﬂ%%TW%tbiﬁ L7z, A U< BERaHT 2 O TE B e — i 72 5 g
HETNEG LTIZEZ A, UTOXBE LT,

Pr=0.430P.r (3.32)
logit(P.»=0.3227,7.3 (3.33)
Fo, BoONT-REEREEHET VAKX 813 1R T, X 3.13 A THHL @Y, — &1
7R EBEE 7L TISMUR BTG U CREBEEE I EI & b EIME ™ 2R3 DA Th 5,
77, X 3.9 O BB R T T LTI AEIG OBIMERIXIE & A L < BUREE A
AL LHFREAD TN STz, ZHIESEY ., BEOEER IRV CREM Tt o7
LU THZENEL ., SHATREEZBE LZRREONTEEZIT O LREERSH D Z L%
RLTWD EBDbD,

48



3 E  AHABIRMEIC IS W A BB ST TENE 7 /L D B3

10
(a) ¢l Integrated model 09 HT a
3 - . 08 (window closed) (window closed)
(Flg 18) °3
§% 07
§'¢=v 06
2o
23, 05
OE o4 Window closed
5 § o3 (neither cooling nor heating)
28 Window open
= 02 (neither cooling nor heating)
0.1
0.0
0 5 10 15 20 25 30 35
Outdoor air temperature [°C]
(b) Integrating with
e ” S =
single fan use 23
2
£2
Sw
a
£y
=3
28

(c) Integrating with
“fan use with
window open”

Relative proportion of
occupants’ behaviour

0.0

0 5 10 15 20 25 30 35
Outdoor air temperature [°C]

*On/Off: Fan
10

(d) m Integrating with 09

“ 2 S5k 08
fan use with 53
c's 07
H ” 2
cooling by AC §§ 06
e, o0s
S8 o
28
&3 03
23 o2
0.1
0.0 S
0 5 10 15 20 25 30 35
Outdoor air temperature [*C]
(e) m Integrated occupant
behaviours model
*On/Off: Fan
Legends 10
Heating use o
(window closed) 55 08
P
S35 07
Cooling use ]
(window closed) gg 06
1 05
]
l Window closed Q5 04
(neither cooling nor heating) l‘_;‘; g 03
3
Window open = 8 02
(neither cooling nor heating) 0.1
0.0
0 B 10 15 20 25 30 35

Outdoor air temperature [*C)

Figure 3.12 Development of integrated behaviour model. (a) is the previous method
(Figure 3.11), three steps from (b) to (d) represent the developing process of the model

incorporated with fan use, and (e) is integrated occupant behaviour model.
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Figure 3.13 Relationship between the proportion of fan use and outdoor air

temperature (Mean = 2S.E.)
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Figure 3.14 Relationship between the proportions of behavioural patterns and outdoor

air temperature
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Figure 3.15 Comparison of relative cooling behaviour with previous study [62]. Each of
the ranges, denoted by dashed lines represents the respective proportion of cooling
behaviour, W+F, W, CL+F and CL in this study. Coloured areas shows the results of

previous study in summer.
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Figure 3.16 proportion of occupants’ behaviour calculated for each day. The proportions
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air temperature variation of each day in Yokohama [75]
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Figure 4.8 Relationship between proportion of occupant behaviours and outdoor air

temperature

4.8. FADERRLAEDER

HTET CIIBREFEEATEIOFHIZ TG B 2 Lz, AT, BWOPRENEIZ W T b ZEH
e D DI EFRYT 5,

X 4.9 (21345 H O 52 & RO PFEENGIR - FEISVIR & ORI 2R T,
AR FEZREDOEBFIITK 1.0 THY . ZHITEEORESINIEHIELY b/hSuy,
LU, ZD XD /NS WV EFER DA H D S 45 H OWHFEE RO MIZIX

74



4 FHEBEEE LCREHEITEIE T L O

BRENDD, BIZIE, 5 AL 10 A TIREHERNRIRICH BRZNIRVDR, %
FTIIESFTHDL S ADFRE, oML 11 A& 3 A, 4 AIZBWTHFEERIC
oz, £72.6 H& 9 H TITEHFEERICAEREZIT WA S ENKIRITA 2°C
BB TH-T2, ZHHOHEAIIAKIBTHRKEADLND, ZHHOEHE LT
B2 HNDOMF, BTREE L E AT ORE MR & L T LTS Z ETh D, Ak
D5 HE 10 HDOBITWDZIE, 3~4 H ORWEE OfER & kbl LC 5 H CIEEN < LU,
—HT89 HDOEWREZREBR L 10 H TIFRLIE L WL ERBx 6D, &
DOIRFE AL E) & B PR M O BIMRIEIL. AR O EE LIRGEET LV (CIRTIRA KT
TIV) [881DFE 2 L bR LT D

PLEORER NG| JFEE T BIXEANRIRL L OWRIEO R & PR ORI X -
T, BWREMEDORK L F B> TWA Z ENIHLMME o T2,

(a) Indoor air temperature (b) Outdoor air temperature

5 5

Thermal sensation
~

Thermal sensation
£

15 20 25 30 0 5 10 15 20 25 30
Indoor air temperature [°C] Outdoor air temperature [°C]

Figure 4.9 Relationship between monthly mean thermal sensation vote and air

temperature
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