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Abstract: Effectively quantifying the thermal performance of the clothed human body during exercise
and to predict the thermal performance when wearing clothing in advance, are of great significance for
health monitoring and analysis, and accident prevention. In this study, a mathematical model of a
clothed human during exercise is selected to predict the thermal performance by considering the
quantified effects of clothing pumping effect in the human-clothing-environment boundary model. With
comprehensive consideration of the convenience of industry applications and the computability of the
complex mathematical model, simulation framework is proposed, according to which, a CAD system
of the clothed-human’ s thermophysiology is developed. The CAD system can predict the thermo-
physiological responses of the human body in advance when wearing different kinds of clothing and
consequently prevent occurring of thermal-related accident during exercise. It can be implemented to
the development of thermal-functional clothing, and have the advantage of saving time, manpower and
other unnecessary cost as compared with the traditional clothing development process.
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Fig. 1 Illustration figure showing the prediction of human health during exercise

1 BB R KON 2 3 35 2 AR AR PR L AR i e

7 I 2 3 XU, 1Y) 7 AR AR B L 3R G i BIF Y B S A B A S A (AN &L 2 s ), BLiAcfAk
PR VUT . S, R AR B LR R B IR — A 2R SR IR, GRS . 918U R
o BUEVURGERN:, XN EEIGEE A SRR ARRERACH . IEARE . DhRe I it
Beer iR R | Wi )7 B2 41 (PDEs, partial differential equations) . ZUE T8 UL I TEMUGEHAE . 5B, %
5 —A> RGN [, B4R E G R, AEEE, RASHEHER
RHEARAR I . 25 =, ZWPRT N “ZRIEA G BB HOR, BT ERNA G @RI A m A
A A TR N AT RIS | IR R B0 2 ARG A i A AR LA N ) SRR A i BB TR DM i is Bl
BN R B LRI AY . S50, I R AT R BOR i R o % B 2 AR R LA SR, TR
BT, AP o 27 AL, BT e M T n R (AR R AR TE 5 IR ke N R T2 K
FITOAEE) WEEAME— AR5y, AERSRUE AT A v, AREES T A LR A BRAR AR, [RIB %
53 P 78 i 1) I 2 5 A B ) 4 R JEE By o) R AT D 2 B ik, TR SIS SRS v AR A B AR Ak
DA K B A JEE 8 T I i 8 AR B ) 284k

KT G Bz A S AR PGR AL f i B B S AR PE R R, RS S AT SN I B e AR B AR
A bR, SRR T B E AR (E3), . FEARE . BIAET  BOAITTEL
Bl AR R E B S —, AR L7 FEEAHE B R ARRE, 276 s PR Ha5 b i
RIERPIFCSE, WAR . k% . S5 . i@ sh USG5 il AT S 800 L, O e BB A 1) oR A e
WA S0, I EAUA A 2 M AR A B A DL R e Bl A A AR S AR A 1Y) Rl
FEXTAURE “iz3” LIS “FER” WA SCHRHE, RIS @RS, @7 7 2% 18R K )iz
BB PR BRI A AY | 55 =0 O BTSRRI BRIT oA 7 v X i B 70 T R 4H A T B
FEAbBE, SR FHEE IS S T AN S AR, HHRAE AN IS S 0K M AR PG A FE SR DA K IR R R AR DG S8
S0, P ESSR BT R R R R 25 R, SR AL AT AR B AR X A R AT B
W, BREER B



150 iR R (HARRRARRD (FR9E30) 562 &

HEE FENR
SRR X@E

3 A A EHETE, AEE. EEAWE
ATRBURE: \AAEIREA, EEEA GIRHRIE REAR. DM AR
ggﬁ%g@&? HCEBFHREL, HREER B SRR, POESEE
R ki WM HENGE. NB2
b2 tilli:] BHRE
3
ZHREREAGRRE TR HIER
HCEZR 45ih m-scale mm-scale  nm-scale
&
aemng | 7Y | (peumy l'i\
|| | SftEam . iy

. / socket ud P
REBERAT ﬁ J \/ i

SHANGE RS
PR BRI N
R AEE

K2 sz s 2 AR A BT R IS 5

Fig.2 The significance of theoretical research on clothed human thermal performance simulation
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Fig.3 The framework of clothed human thermal performance simulation model

2 PFEFKMEE X

P B SR DT ARG R AR SR, SCB SRR | B FIER L, PR an Oy OB AT 05 03T
B RGO ELAATE R e Mz s g5t ik, R RN EE sl AR A BRSSO SR T R 58
RRIRREE, FRA5 A BB R F 2 20 SR T 15 S SRR A 32 335 R AN MR A R A B ECTEI 7 I 5
N IR 83, BT AR RAF RS EEE 6 R, T AR E SGE R, s 61
R SE IR MCUCRE S, BN WS BhRE SO, BREE L. ANRGE L IRRE L B R R E ORI i A5 1
FESC. o, B FERASE B S s P NS SR E X, e b MEGEECH LSS, I SRk



5 4 1 R, . RN TR RGBT 151

AT ) B A B TG st B . AR Tl oAS [] (4038 2 B %o 107 8 A ] 403 A R R . 385 J 4 32 sh i Hh 4b
RS, e B B RACGERA VNPT SSE) REMRGES . AR E 325
s AR RS, 8 T AR R A S, AN . k. Se . R, B, WA
FEAREREL . I A . IR o SR R T T v ) i i R R R B 2 Ry AR AT R, IR
Rermprrt, Bat, R, MERE . ARARE | A8 R L GE RS DL AT AR S S B S
HAE A, LA R i S B S AR R R A AR — IR — IR i B A %
PAL TS H T L, AR RE. BRERE, PRI REGE . Tl A R S BB L)
WESE, AR, ZREWIERE T A KIS (REABIASE, w HERASEIIT)
TSN E ML, AR S % e A Ab B R AR R AR W A, W, b T
SRATAL R TG EE, A0 R G T B HA R SGE R LA T . Qi 4 Fios , 520 B A B it 7
YeEEE R 620, fdE: w GES . B TIHEE . AR, IREE . SGH AR L B S A
DL e AR — A 25 3 5 on i), d BH i
A R BRE X M iE s B S AR IR 1 ENEE
Se A 20 min F L 15 km/h 3% #1455 30 min, 3

ERNFEE, FFFRISER, EREK

. — e BN BE. BE. ASE. XS,

T X} 1% 5 P 32 B B IR BIET 3E AT T ——
m.anE 4 s, aiAS AR 1B R E LG KRN M3, FH, 5

gy, JEFEE AR NTF B IE S SR K mt R, fE e T b S
s, SR ECE IS 80 20 min, F 15 km/h ZX. @R, B, BE%g
PRPETE SN 30 min; 5524 HEEE L. %5 P :

BisE O AMRERSE T, % 20 °C, HIxS SRR
T 80%, WE K 0.5 m/s; 55348, AKE L. -

Bk, B 180 em, R 80 kg 455 44,

B SUMREE, KARKYE, EHi R R100%, Fotszk P4 g B N A LT BT AR 2R A5
o, TR h 88% BETS LT 4k Fl 12% B 42k, o Fig. 4 Six-step preprocessing for clothed human

thermal performance simulation during exercise

5, B SGHAR A, Mk 96 T3 A7 iy 3 X B
Th 10% 55 . Fr A BT S 80H & 26 R PT A
Fyizdh, AR . R IREARG R CAE—RE—H35E" (HCE, human clothing environ-
ment) {3 SR AR OB BE5F ,2022).

3 IR KRN Y R N R A A

5 IR T8 XU 1) 128 Bl A 2 AR A PR B8 (Teng et al., 2022) 24 A AR S A5 R AL 15 22
JZEYRRAL B BRASS &, IFAE AR — IR —3R 5 R G A SRR rp i AR a8 KA 7 e, A
AR A B 1 A T 3 25 7 S R AR BRI A5 B (Stolwijk et al., 1966) , ZUYIRIEL )y 22 JZ LU 1 P
i R (Wang et al., 2003 ). Ji2e 1 WKUSON i 138 ik B2 R AIAC ) PN 2 22 18] AU BR S5l 2 3 e AR 1Y
IRy . SN R G AR B IR 0 ) A G Ty S 2 Wy B AR, A0 . XRAL . 28/ BERIIR
P KR At A, L 2 A S A AN RE R S E E

ke P R it K 2% SR ST 5

D, a(C.e,)
T, 0x

8(1

=_(1 _pm):Hm(Csk_CO)_plEsk, (1)

=0 A
NRZENRAMRANZBER IR AR, S8, A/KZETHRE KR (%), AR RO 5 | Al 2R
W%@EE‘VK?@%W%@%%%E% I 2B P 8 S X R AR 5 2 Tk B AR AR (1 —pm)%Hm(ka - C,)



152 iR R (HARRRARRD (FR9E30) 562 %

(Angelova, 2015; Maoetal., 2017), HrH A ARz IR /K 28 MR
AR P9 22 1T A9 RE B STIE 7 R

K(O»t)a = _(1 _ph)HC(T.sk - To) - /\'lghlg(csk - C*(To)) _phEak9 (2)

x=0

FCrP p, R I5E IRE BAim 18 IKU3R (% ). 7 SR B I ik R T (o = 0) Ak, 7 B IR 1T 45 IR 22 8] ) 3l 25
fethad ferb, T 0 HE N p, W25 R G o AR i KUSBONE iy A B R A B BRI vp . AR 9 )2 A9 A AR AL 55 T
XPANAZ B P (1 = p)H (T, = Ty). ZERARBEIRIIIGE A b, (€ — € (T,)) FIVREE KU Y $A i

PhEskaﬂ]'
HIERI— g, HRT G T R PZS BCR 5 iK 2 C RESF) J F
D, o(C
;($?&0=%vmdjﬂw%—an—ﬁab (3)

Horhp, KK AT (%), IR S RN 7= A 1 7K 255 E%%%?%ﬂwﬁﬁﬁ%ﬁﬁ%%$

mmﬁﬁmﬁﬁ%%?wﬂﬁ¢ﬂﬁmﬂW%LﬂﬂVFE% AR Z A
JZEU) [l SR i P O A

T -y

|
L p, Sk P 23 TR A A 35 R 2 A0 a3 XL (% ) . IR 38 XGRS 7= A I B AR A5 T p By PIANEY
J2 Z AR A FAOT- i 32 A . 78 T /% e AR IR b 38 RN, 52

NASE— AR U R LR, 4080, B ARG SFAE S e GRS, B m A Kkiz
SIAEBALEIEAT . 0 THERIZING, 251 S AARE R4 g S H 12 AR 5 20 R, AR
NARA: BRRRAE B o AT 1 DU N 53R 6 3848, a3k o KT B T R 2 [FEE, AN
H4)2: M. DAL BRI FLEC K . IeAh, B RA 25— oo vt , T8 SRS o sh ik . #
Jik /g, AR M RG240 (P55, 2020). WS firzs, A T #z sh b 3 26 AR #VERRES,
T NAREEA TR ) 25 55 HR SR ] fE A ] (Mao et al., 2016; Awais et al., 2018; Teng et al., 2022 ). Byl gZ
RGO, AL FEEY R, BIGEEARNRE S R, KRS EEMEE . AN
137 s 23 M A B P K A 0K, RT3 A7 5 At 3457 3 2o i 3000 P A He i i, DT 52 i) o 2
N B A RS . X T IR o 1 SRR AL , IR kR T S MR A R e, AT EEH A
h— e —FREE AL RIE ], 75 7% 1EE 3l v AT BB AAAE 19 AR i XU

8 8 *
jH(J(TOB - To) - Alghlgj(co -C (TOB)) _phEﬂzb7 (4)

WA ( ?’&Qiﬂ Kﬁl&ﬁk

) S )
| LEBRABEENS | o i "

(2 BEAKBAL |
B E

FWS(& (FBFKDBK)

ig]
Ta, Tr, va, th, Act, Icl , L )
Y
PR

T I, T
Sh, Sw, Cs, D1 J L ik Y TN
EHANE C;i:

//ma
- I!I LU

K5 29 s RN AR
Fig. 5 Multi-node clothed human model

E28: 3

PR 1EA




# 4 MR, A BSIRE RVE RO RS 153

i I bR TR (1)~ (4) Fr 7 B9 M i XSO0 A B R, 5 30 25 8 N PR H P AR B T, %
JE T HCE R 48 b i e i XSO0 4 31 SR B o5 BT, A0 4& AR 4130 (Teng et al., 2022).
(i) BIRERBIERE V2L Z B9 N R T - 25U 5% 1 ik BRI, A 2% AR e KU, i
I} E LU A ) A 7K 2 O E 55 T B IR SR T A8 A0 MK 2 U EE . R B IR PN ) Z Al A AE 23 a) D) A
BEARE T R BV Z (v = 0) 30 50 55 1 I 5 2825 T A8 R8T B3I IR e 30 XU, . 30 9 2% 11 A6 TR A
i)
D, a(C,e,)

7, dx

=~(1 = p) S H,(Co= €)= BB (SR BRI

x=0

C;O = C*(To)’ (z/[:l L‘%Wjﬁﬂk)
L-en  (BUTEWERE)

S (€ (1)) = Toy). (SU0A Sl )

& ap.&)
7, ox

x=0

ganfrﬁ<% B IR )

~(1 = p)HAT, = Ty) = A by (€ = C(Ty)) = pE,. (BUARAZ Az K )

(i) G ZLR N R EEES i - 128 R0HNER . S22 BN, 25 280 N R kK
RAWEETE | - | ZLWINZRIKGER IR . BN, 752 X A e 38 XU N, s, R R n SR
LA Z BIAFTEAS ], AP e KRR 22 5% BT Z RIS e SR . 78 Jo /A Yk A R 2 308 IR iy 25
P FRAF G . i B AR BRI ME 55

dr

K(O,t)@

x=0

= =g -g|
Do) |Co= Cun (PURSUNERE)
Ta 0% x=0 _(1 - pm)%Hm(Ca() - C()B) - ];TMEM,, (ﬁ%g}:{%ﬁgﬁlﬁ)
D, o . RN
JM =ﬁh1g(c (To)_ TOB)’ (ﬁ}%g}:{%ﬁi%)
7, dx . €
dT e, e .
Kmixa = _(1 - P}l)?Hc(ToB - To) - /\lghlg?l(c() -C (TOB)) - phE/ub .

(i) 265 22N SAES i + 128N R . WA 2 1) /M S 541 10 55—, 3k
B KRN
DooCe) | ey oo Z ). (BIRSUIA )
7, Jox ., €
Cov = Corps (ﬁ}:ﬁ’é}l\ L‘%Wj)
Dy olp.e) = Eip(C (1)) - Ty,), (FIRSUWIAZS )

T, 0x &

dT o | .
Kmixa o =H. (T, -Ty)+ /\lghlg%(cf\“ -C (TNB))'
(iv) 56512 SRR BT R BIAEE . X TAMRI BEELE RS M S =, SRR 2R
D, a(C,e,)
7, dx
& ap.&)
T, dx

&, B
= :Hm(Ce Cy)s

x=1L
E *
= ?lhlg(cs\" - C (Te))7
v=1
dT .
mixa = HC(Tc - Tw) + /\lghlg(ce -C (Tm))
x=L

TZAHIA S O 20k S50 B 30 UE IR A TF & 3£ (Teng et al., 2022). If L, AR SCRHZAS AL A R0k A
Bk




154 Rz CHARNERD (Fh3E30) 562 &

4 BBl R N PR AR AT A AE 4R

AN TR BT SHE S, TR 45 R AR R AR A RN A AN [ 3 7 iU LA 2R IX
S, AEREA DX P B S A IR NN SR T, 7 IR 5 B D 1] b A 1 4 e AR 1 s T B B S A s i )
FLDCIR . B XIS v 52 Z ) AR 2R AN A MATE LR R 0 A5, FRATT AT LR 22715 s AR — I A e 25 1]
(30 7 BEAT AL B ST T EBORH AR AR, BRATR EBO O TR X B ST K] 6 KR
TIZAER 5 BT SR

MIABREE . AFFIERE

AR ELE XA F
FHEH

ELIEESE R

SN AEELL CGLER 5K
. F8B. F. BRI B

HHEAFERES

THEAFEEET ELMEE S X
e HS K

THH AR AR SRR 4T RE IR B
RESHE s

BHEHE RBEAMHBNEELK
HIKES, BSKRET
Bnig. RETELRE

T EIMRRN S AGT

EIERLIB)AY R Az

VNSNS S
17

BHHR F
%

a4 ++

-

Ko frEitit

Fig. 6 Simulation calculation process

B, M BRI M R o 7 R AT B O AL B, SR I RUELIE S A 7 ik s AU B A A
183 K AR PIRA: BEZ L RIS R, AR T

() WA AR IR A S IREEAR G RN AG RS AR i, IR B2, IR BT, 3 P AR
BB T IEOLAE, PREGIRAE | R RUR KORGE AR

(i) FEX RIS ST LRI 2], X AMTRAL, WAL S8

(iii) FERDIIREER, S AR AR, B e E AR BRI BERY e B ) ik
TR —, RGBSR 2R IR 228, Hi IR A RZ AR AN ] 9 F R
BOENZEWIRA R, PHEIRZ 22U IR0 RO BT TS L BLs 5

(iv) B NARAS TR A PR Ay M0 e 2 ) AN [] 346z [ ) A 3 5

(v) $RMEA PR, B AN F S 1 320 50 5



# 4 MR, A BSIRE RVE RO RS 155

(i) WAL KT FIERSR, LKA 1
(vii) AEFHELG K RS R, RS ARLEE S 5 A B R ST, WLk (R
2021).

5 PiEAR AL

D5 FLES P B NARZATRAL BT 1 R ke A B E FEEH, Rl AR A B JIR TR, A0
AR . SRR S 28, A R BBl . BB SR AR ME UL s AN A S R e e e, Bl
ARG SR AT AL BRI BB A R AT IS

WNEN7 7R, R SO B A e = HEIRDE RIS R A BEZ L R 21
Yy, SRR SCHIRE PEREAT R .l EE AL 9 27 07 s R s A 2 e B Az 2l i e v (9 4 1
PEAE AR AELE.

WK FT7s, N T 4 s iz sl b AVE R bR A A e, SR B 2008 i BAA SRR, R
SHES) TR R B 8 B P B AR OO IELRE | BRI RE ) B IR 1] A A2 Al A 3

K7 g R s IR _ K8 =gl ks &

Fig. 7 Diagram for visualizing two-dimensional Fig. 8 Diagram for visualizing three-dimensional

simulation results simulation results

6 CAD RS

18 33 N A R B e 5 O AR S D BRI A | 5 LTI DL RS R s 4420 0K
Ferb Oy FUORUFN 07 BT SR 23 0l 750 7 A IO o G . 3 S By B R A A T R
K9 Ry ARG S, P F I 72 4% B P 7S B8 8 8 A 20 SR ITUFp #EAT 434 R AT 45 21 () FL45 2R

SR ESOED). E WIREE . AR X
MR . & Gl A4 SR (D B4
W, WEEPRAE) . A BB DL K R 4
R, T SURXHE S AR R 1 ghad f
AT, LM S 2RI B i A SER A
5min, FHE5E 10 min, 12 # 5 min £ 15 km/h P
20 min XA FE AT DL 4 NG Shad B, Seikdr
TEEhFE, PR R SRS 1 Bl % Bz 8 A4 R
AR5 B LA S BEASIE s B BT L 55—, 5 IR
BTG L PR SNSRI RER[A], P, oF
WE LGB 2Z )5, MRUE AN B Bz i A St

1 What to do? \ ™

2 Environment?

Performance

Technology

3 Human Model?
B Comfort

4 Garments?

Design

6 Conlrol_ 2

7 Simulation?

* 8 Results |

K9 fiEAGES

Fig. 9 Main interface of the simulation system



156 iR R (HARRRARRD (FR9E30) 562 %

W, FEAEHEREE  BE . X, RAURMRATERNZRE . B =, i T AR AS B A5 R/ A
SR, W AR RGBT BT A ME RS TE, EEAE AR AR . AR S HIRGE RUR A
A BRSO S, R EARKUCE SCREAS R A IR . R 5 AR A S A S 50t & IR A (0 /Y J=
B, BRSO B LB MR A TORL . R AR R, SR E AL TR A ZF 4R RS | R
BE OB WA A A ST, HIRRIE RN IE s By, NSRS I B I IR R REANIR]
WRIG B, MCUCHR IR AR 25 RO E SO A5, BB E R IR 5 AR AL MR 2 L T B Ak i %
A SR, IR B P XU 7 35N, ORI B E RIS HOE . AT X 6 AP BR R
BEXH 7 FLAT AL B A P T2 S R AR S sh s AT I SN I, AT AR AT AR L AR HA T
B, RS T UEAS D, &R BKIEALR B4R .

7 45 8

ARV 2 1 Ml 38 RO 19 3 Bl 3 e N PR i A 305 LTS TR Dy Sl , - 25345 7% B ATl o, B B4
MEZBCE B Z A SR TR, RIS S & R NRBVE BT SR GHERE, BOIFSi iz ol
BN PA P ARG . JUHARIE BT S EOT R 24, RO AT PR O 6 1P 3R, (4% E S0
3. 8 X XK ORI SGA R LI R A R G TR RTINS Shid B rh A A
PREAAE DRSS, ] 48 T LakE mT A HE B E G107 00 AU, . RIS, b R G m] )32 IO T A BRI AR 1) 12
BT K, BAE G AT A R BT LNy L I RIS 6 2L A

SE 3k

WRELRE, BB, WFE-F, 4, 2015. PhysiolComp Toolkit: —/™E BT RA2 B T HATHY 0 5 it [T ], i3 HLaE4R, 38(12):
2464-2476.

TR, T, Sk, A, 2019, BENLARBRAIAL 347 2 A PR B S e PR 2R ORI T IRIE R 27 568 4 A py Il i A [T, vh
E 9 TRMFSY , 23(23): 3722-3728.

TR, BTG, AR AR AR, S, 2020, FE T 2 ou I BT ELAY IS Sl i R R 7 TR R R G S B [T )L R B TR A AR, 51(3)
451-461.

A, Ehi, RZENS, 55, 2018, A Mz S EHE 1 5L R Ko nl SEAL i R e it [T ], PR, 41(6): 109-114.

h 25k, XBHE, I g, 4%, 2020, R AR S FAET G VERT Y5 R BRI ], 2228, 57(12) : 55-62.

PNEE L 2019, T AR 14 IR P BE XS AR FAET I8 1 2 A58 (D ). M - 0 K

PEEE, 2021, A iz s A B2 8 FR 98 T XPE 4O B B H T AR F iz s 1 00 S s 2 r 2 [0 ], AR EE %, 27(18)
40-42.

TR, EAME, FEIF 2021, — iz s 45 B AR B B0k CN202111549156.1[PJ. 2021-12-17.

gL, AAG, EA, 55,2022, (Rt RECE CAD Bt ) ZeE AR [J/OL . BHECT T (7R L (9) : 150-152.

EFER, 2018, T il w12 S XU By 42 i Be 5 S22k [T ] BRI B, 9(2) 2 112-113.

TIEE, 2020. MALE ShHR T AL VR E FELT ). P A A PR, 14(3): 221-225.

SR, 2020, 5 5 B IS B0 R A E AR B R AT [T ] AR E X, (2): 11-12.

SHFEW], 2012 ¥R M MR Y I ALV [T ], KRR, (2): 37-38+41.

SREERR, A, £, A, 2020, FE T OCHEA I BCOHE 32 8 10 025 A AT BAARAT R B Bl B FE IR BRI ] I IR 24
(FARBRAID L 41(3): 80-84.

SRIESC, BEERRRE, I EE, 45, 2020. HE T Android R GEM— ki S FEZE APP ([T ] sk, (11): 79-81.

BSE5E, PaE, TR, 4%, 2019. 3l KIRIAEF EPENTC SR SRR [T ], 9741741, 40(3): 183-188.

A0, 2009. B 514 4 RGBS HAIRETEPEVFTE[ D] LRI KA.

ANGELOVAR A, 2015. Numerical simulation of the thermoregulation of clothed human body: Skin and clothing temperatures[J].
J Braz Soc Mech Sci Eng, 37(1): 297-303.

AWAIS M, KRZYWINSKI S, WENDT E, 2018. Thermal simulation of human body-clothing—environment system[C]// 12th In-



# 4 MR, A BSIRE RVE RO RS 157

ternational Manikin and Modelling Meeting, St. Gallen, Switzerland.

FANGER P O, 1970. Thermal comfort: Analysis and applications in environmental engineering[ M ]. Copenhagen: Danish Techni-
cal Press.

HOLOPAINEN R, 2012. A Human thermal model for improved thermal comfort| D ]. Helsinki: Aalto University.

JIAN, HUANGY, LIJ, etal, 2019. Parallel simulation model for heat and moisture transfer of clothed human body[J]. J Super-
comput, 75(8): 4731-4749.

LEE T G, LEE S H, 2016. Dynamic bio—sensing process design in mobile wellness information system for smart healthcare [J].
Wirel Pers Commun Int J, 86(1): 201 - 215.

LI Q, CLIFFORD G D, 2012. Dynamic time warping and machine learning for signal quality assessment of pulsatile signals[J].
Physiol Meas, 33(9): 1491-1501.

MAO A, LUOJ, LIG, etal, 2016. Numerical simulation of multiscale heat and moisture transfer in the thermal smart clothing sys-
tem[ J]. Appl Math Model, 40(4): 3342-3364.

MAO A, LUO J, L1Y, et al, 2011. A multi-disciplinary strategy for computer-aided clothing thermal engineering design[J].
Comput Aided Des, 43(12): 1854-1869.

MAO A, LUOJ, L1Y, 2017. Numerical simulation of thermal behaviors of a clothed human body with evaluation of indoor solar
radiation[ J]. Appl Therm Eng, 117: 629-643.

STOLWIJK J A J,HARDY J D, 1966. Temperature regulation in man: A theoretical study[J]. Pfliiger's Archiv fiir die gesamte Physi-
ologie des Menschen und der Tiere, 291: 29-162.

TENGY, JIAOJ, WANG R, et al, 2022. Computational model of predicting thermal performance of a clothed human by consider-
ing the clothing pumping effect[J]. J Therm Sci Eng Appl, 14(1): 014501.

WANG Z, L1Y, ZHU QY, et al, 2003. Radiation and conduction heat transfer coupled with liquid water transfer, moisture sorp-
tion, and condensation in porous polymer materials[J]. J Appl Polym Sci, 89(10): 2780-2790.

(RfEHE BIkk)



