mXNAEE (Fn30)

RAFEEAE  RFLEE LR IR
BEFHERLEFEK
K 4 KA [& El

o HERR 2 D 1) D B S S S BRI R T2 B3 S 2R

AR ZBER b D FE L (LT, SHR)ICAE B L, SHRICEET 2E=RER T2 Wkl T4 L
|2, SHRE R HIEL THOEERBEOEFEEZHLNCT S,

1E T, e L TEIRPOESLHEICET 5 BT RESLTEOBERIZOVW TR~ S,

MEAR (X A Rk e RIFICT A MEOEE TS THD., BPOERENEEIZEZ 5 EICH
T ARG D505, BIRTOESREOWEIIRCH TH S, ERAIAMESE S -
B, FEREEEREOREL L) 2R3 <, MRIEIREEZ BIHC 203 RIF R EZREOMIAN
BETHD,

BEAERFZE C I3 BEIR I RE O HER L - DA EBIHRV) SIS L L THRBICAWVWL R TEE, ZOHT,
RRIGSE =R = (LA F, SDNN) (XEZE L &h, EYISDNNA &V & B EHEFSNRI L Sh
%. SDNN&SHRICIZAOHEE N H Y . SHRAEW & B RIEE N BRI IR TX 5,

T T T INT AL ADER TLHBEOFABES - zic®d, SHRIZFAHAFS THDH, S
HR & EREE L 0B EFEESIBE T T, BUREREREFRETE 5.

BEEFZE CILLH0ME (RHR) HAVRIRICEEESND LORERSH Y. SHREBZEORER
LoRERTICHBEShLAAEREND D, ThiCi, BEREEAOCKRBEE, #REAH TLER
SHR & s & OER AR TALERH Y, EHHRE OEMKEMNEICESWIZFHR - o
BARAIKTC, FOIHDOREEHLNITHLENRS S,

PLEDBATEOHAE, [SHRICEE L 9 s EERERFEHTETHEREEL T, SHRZIK
Eizd % BENARERFOEO#HBEALHT LI L] Tho,

2ETIT, AMRIZLELERTESRET S,
DREOHEREREOERCIT\., HEICAEE TRV IEA/IERR TR RENX
7w bV —TER L7, BEOERO LKA FRT 57012502 ZREMZHEE LR
W, BEEREE LTIEHER. KEHRE, BEANBE, M bRFRE, BEVEARSRLE L,
FRICLELERERB LORENRERET D, BHEORR BB LOEBRI 24 C i
BAiT. BT — IR SWE v I ab—ya il k., HERE280%LL EERHTE
B2 HET A HEERET D,

3ECH, 5% - AF0EBEEL L OB FELIER BREBELTT,

KT 2 ETOREFEFAV, MEKISERE - S CR2IEELFHIBOERE Lz, 20
VEOEFE L AE|TEM64 . LMS4A & Lz, 202MEEFICIDENTHEHEBREIL D, 202344
F T B MERE S OBNEREITo7,

BN AT 24T o Toft B, BMHE5E CIESHRIC A L T —IROEEIEBM) L iRE, “BR{LR
FRE L oM TEVEERH T,

FEVWTSHRA BEOZE S L, LR CHE SRR SNERTE#HBPERL LTETHEETV, B
EAEQETNEEE L, TETAERUFTHS.

EZ . SHR~ 9.41 * BM +0.55 * OT

£+ SHR~10.88 * BM - 0.38 * OT + 0.51 * Tb + 0.02 * CO2 - 0.001 * Th:CO;




K 4 XH A

=T, OTH{ERIBE., THIBEERNIEE., COJTTEMRFRE, Th:COREEOME/ER:
ﬁ?

ABTY, 3EORBEFAHOOTOFENES - LFTERZTACEFE L, BEOTH T IER
BEFATIT, ThICETaHREEESLTRT,

B e F ARG T Re e B BB E T A OBESIT S, SHRE BAEHE L LT, #F
FFNEFREOETFYHEEES LTETASERLE, AR LI ET A ORSELRET 52D,
EF AN TOES AR L B LERT 5. ©F7 A TRERLEAHRE OB CHIT T
MM ED S, LD EOVIRE., KWEBE CORBOHT TS OBTTHA L, 2UtE
BT 5, —HTIEMEBERIBER, ﬂé&xé%ﬂwmwmuTkﬁmTEWmﬁ<&ékﬁm
DEL AR D I L AEER SN, BRI L OB e D B Y E R

SETH., 3~4ECHEHEEEIBABEEHS,

SHRIZEHELEZ H 2BRNE FOEEORESIHWT, BABESEFERE TR, #EH. 8
W, BERESCLABEIREL, FOMoadhnFHinisb v BER S I RWEBE L, &)
OFRAEDEE TEMERBREE~ORBIIRBET THLLDICEERKRIVWEEE LT,

GETH, ARLOEREVSEOBERIES,

BETFADNE, BiBCHIHEEIZ2S~26°CHT CSHRAEEME L 29, Zh LV &< 2D LS
HRAE S, B D ESHREEH L AY, 2EORHEEOZEIMOFH LY REI ST LR
Shnotc, BHESERSA KR T, BRNBEAE 2D ESHREFEC Lo, EHS
SHRZ K - =R COSIBME & £in. WENZ L 3B EOTSHEHIEETH 5,

HEFEHOTT AL, BEREREZLATLRKFC—ERELUTORETRENH 2D LS
HRAE L e B 2 LS dot, BEBILIERDOANE X BSHREE £OICHEETH D,

A EOFHIEERE CIIBE LB X ASHR~O BB S hiholz,

UL bA B SHR AN+ 5 BAEM 2 REER F OB OfE A FME 7T LT L0 . ERROR
WTH D,
C BRIIEIR R UMSRE L2 CRE LT3,

- AETERE - HEHRE E23CRE L L, ZEMEEFRBE R 1000ppmEl FIZE BN E TS,
- BKREREE - MEHEER2TCERE Y L, ZBLRFREE0ppmEl FICRHEN/AE<T 5,

ABITTFTAORAR PERBRIET S, TFAOEAGEOERE LIRS OBRE, Fiodl
OWBE KT B EFLOREBIEORSBLETEHS,




mXNARE (ZE30)

PSRN REFEERIRE

B R TEHEY
K 4 XKH Hi# Fp
WmoX B OH A Study on the Bedroom Thermal Environment Contributing to

Mean Heart Rate During Sleep

Chapter 1 (Purpose)

People spend about one-third of their lives in a bedroom, and sleep is essential for health. Although many
studies have examined daytime indoor environments, research on bedroom conditions during sleep remains
limited.

The average sleep heart rate (SHR) can be interpreted as one of the indices which reflects the activities of

the autonomic nervous system. This study explores bedroom environmental factors which have influence

on SHR, and to find their optimal ranges.

Chapter 2 (Methods)

An experimental framework and analysis methodology are proposed. SHR will be measured
non-invasively in participants’ own bedrooms using a pressure-based mat sensor. Indoor temperature,
radiant temperature, and bedding microclimate temperature, CO> concentration, and illuminance will be
recorded. Mixed-effects models and correlation analyses will guide the selection of explanatory variables.
The number of the participant and measurement nights were estimated to achieve over 80% statistical

power.

Chapter 3 (Linear Models)

Linear regression models were constructed for summer and winter. In men, body movement (BM)
strongly influenced SHR. Both temperature and CO; also showed significant correlations. The

resulting models are:

Summer: SHR ~9.41 * BM+0.55* OT

Winter: SHR ~ 10.88 * BM - 0.38 * OT +0.51 * Tb+ 0,02 * CO, - 0.001 * (Tb:COz)

(OT: operative temperature, Tb: bedding microclimate temperature)

Chapter 4 (Nonlinear Models)
To consider annual variations, nonlinear models were built using machine learning. Visualization
techniques (XAI) allowed seasonal comparisons and confirmed distinct seasonal influences for BM,

temperature and COs.

Chapter 5 (General Discussion)
Based on the results obtained in Chapters 3 and 4, a comprehensive discussion is provided on the factors
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that may influence SHR and the magnitude of their effects.

Chapter 6 (Conclusions)

-Indoor and radiant temperatures strongly correlate with SHR, positively in sumimer and negatively
in winger. Mimimum SHR occurs around 25-26°C.

-Bedding microclimate temperature >30°C comelates positively with SHR.

-C(O» < 1000 ppm conelates positively with SHR. in winter/autarnn.
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