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Indoor thermal comfort assessment based on human skin
temperature and facial electromyography

HU Songtao, HU Yuhao, YANG Yang, LU Mingli, GUO Chengji, ZHAO Xiaoli. ZHU Hui
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract: The indoor thermal environment of a building affects human comfort. Combining
human skin temperature, facial electromyography and subjective voting is a new way to as-
sess the indoor thermal environment. In this study, 30 healthy adults were recruited and un-
derwent four processes in the laboratory: sitting in a neutral environment (26 °C), sitting in
a cold environment (18 ‘C), increasing the thermal resistance of clothing in the cold environ-
ment and returning to a neutral environment, and the variability and consistency of skin tem-
perature and facial electromyography under the different working conditions were compared.
Facial muscles are more sensitive to temperature, especially in cold environments where fa-
cial muscle contraction is pronounced. During the cooling process, the rate of change of skin
temperature was faster and larger in exposed parts than in non-exposed parts, and the facial
electromyography was consistent with the law of change of skin temperature. Increasing the
thermal resistance of clothing improved both thermal sensation and thermal comfort, but
there was no significant change in forehead temperature and facial electromyography. There-

fore, increasing the thermal resistance of clothing can reduce heat dissipation, but cannot in-
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crease the skin temperature in exposed areas by increasing heat production.

Key words: thermal comfort; thermal sensation; skin temperature; facial electromyography

({EMG)

IR I TR AE 2 P BE AL L 2 N ARR B AATAY B R B . TR R R i MR LA T A 3
“F‘Jmo

NARIAET IE WAL 7k ARG FPEM AP . F A AT B I e A AR BRRR G, H 32
oo . BOURITAT PT  A A AR B AR £k o A v o (F R TGk T S e A AARJERAZ L e LB F 5 TP AR A
W E R WITEM AL A 7 AT AR 4TFiE B, CHAUDHURI 255058 5 520 20 44 323283 19 A4 38 S50
WS I o 75 H 5 BULZE A T L R PR 25 HAT mT e I LIk ml i il P 2 s g SRR AR W i A
SRR MHRZS . BB BT T R R IR TELRE 5 PR (0 56 2R, 45 SR R W e AR S R BT st v 3 i
B JER TR AR B T AR 1T 8 AR R T P AR DT BRI iz R IR R 5 BRRRE A 56 AR LA L AN RE
TIPS 24 B PRk B T e Bt A DA PN R 34 T 1) NI o AR 1 AR B Al 23 A V. & 2E e . BUL-
CAO ZEDTRIFFE T B R I3 52 U T B o A PR SAGET 38 ) A SR 428 3233 A R DR B8 5 R iR ] B
A 2R M IAETIE FRIE 45 R AR IART IS AEAR SRR B B B JOR LB 1 AR i) A B 7 2 28l A%
R EPE . B R B RATE Y B AT I K R AR RS R R BE R T 600 i B Y R Ol A
FRATR A ARAE , /N R PR B8 R B BB i) A B TR R 32 & i LA AR B Bk 5L T AR kg D A7 35 17 £ L4
bre LTU S5 A B0 AR 249 7 JoR a3 Sz ol A R AT 36 1 A 0 B b . RS 35 B Jok o — i
TE 33.2~36. 7 C, FEMAZ MIAEAE 22 S 25 2 R BE IR BE 16 sl KO- 58 P 2 R2 ), (R IE 71 0 T Ak
P RRIELRE (AR AL AR AT 1 °C . HEFFETAE 19725 Bz BRI 2 (R AR AT Y 2451

TR hy B 2 58 T IR ER B (0 AR AT, %o I B ) SRR 5 v . TR UL ] (facial EMG, fEMG) f&
o S AL PRI 95 8 1 AR 3 g i SR R o BT T UL PR A L B0 R A RO IBOUL PR I R T 1
B FERZHI T F L R 52 2 8 15 45 8 T AR B0 B2 A TS AL ER T R LA
N TS T DL UL PR T ) o BRAMEAT S 2R 115 . SOE SRR LA & 0T UL TG Sh B (E A5 B . X
THURPEA B T B A BeOR (B R ETE 2 B9 TR IR AL 5 2 — T LA B TR S IR 2 1 % 11
PSR NARIRZ . DRI AT Ak T 308 BN 673 s 1 38 AL P 5 2 A ke /INAE £ T 3 ek v 98 JUL L P G 0
NARTE R FEVS e 23 B2 O, SR T8 MO (1 — 4% . T8 B B AT FE V8 R B 1) AR BN 5 8 e 3 A
AR X FEVS o (RIS T3 AL A s 4 o A G e AL, Xt UL PR MR 5 A 0 PR R T A il SR i 2

ARG A0 5 A AARFEAR TR T 00T 114 B Jok T3 5 v 0 JUL e L [ s e 8 A2 33 3 AR i 5 AT 3
I71) 25 R AR FENARAE 2 PN 35 T 3 A0 T L R 8 o R e A REL T g ok 1 B A8 A L R T s UL FRL T A A8 Ak 7
PASE L o 2 A 2 A AR S o AR A Bz JEk TR 2 b AR 855 T R A BT IR 3 e T 56 JUL A A 5 5 i i
iR ok . TRIE T NPT AIL A X PRI ) A B PR B0 o DT 0E— 5 A AET A AR BB ) DA LR L
W . FE T B AL H R Rk FAET I8 BRI ST AR 45 AT 5 Ay T8 JUL L 1) DA A 2% o R TP Ay AR
EERE T S5, i IR L AR A0 43 BT A A8 $RURSE B2 148 15 S i

1 SEWZITS5SEELE
W Wi |

L1 RBENE
RSB T L AT 8 AT 452 P T 33 B g
yos SRS . I LR ASEI R4 3 A B B 1 otk
HERE (5.4 mX2 mX2.5 m), JHT 328 NI % sk A5
S 5 P R T IR 00 5 6T 0 0] 2 R 3
SHEE (2.7 mX3 mX2.5 m),
1.2 ZBHE
ST 2023 4F 5 JHTEILATT 8306 0F  HLII A 44 2 A SR

&



98 RO TR R 546 &

BRI AW p3 1A 2 5570 3 SE . ARSI AR 90 min, £ Y ]I R A2 10 78 B ) 2 K
Pl 3 Al i B JIRHR RE K it R WL PN B9 A2 (IR BN . O 1 %R 50 Hz TN WLHELE 5 B9 T4, L
LA TRAR M 0. 5 m YU N AE IR GE AL AT S i L B o 2L 1) 6 o 36 AV e R 2 . 7R S0 %8 ol
FEHLTAT 0. 8 m AL TRAREE A TC AL BRERIE LT KU AR I i NIRRT S 8. WL P SR

mE 1 R,
1.3 E&RFTEFEARSEY Fz1 EUREHERE
AL H T HE LT RS ESUIIES B
S50 A ) LA R B R 58 (LR 1 PEFE(TCV) 0 4FiE . 1 R AATIE .2 R4FE 3 RAAFIS 4 k27
FRARGL) s RFEEMF R 1000 Hz, fiff HUGE (TSV) 3, 2 B — L RO 0 E L L RO 2 BB L3 A

FA¥4E N 15 mm B — IR Ag/

AgCl HLH TG B FE e UL T - A2 T30 UL IR W el = 2B I s FeL AR 5 . iR S BB AL B, B 5 5 5 1Y
W I 2 B s, B P J S A B A M R T SE L O AR B T DS i 5 i 52 4 HE B 5 T R D A 4y
B - BEUE I AT LTS BR >R H AR TR R LR G S . b3S B915 S 9 ie i 2 A0 B0, 170
LRSI | B 35050 BT AU 0 BT 4 DASRIBCA FH 9 28 BRARRAE I B 17 3 — 20 9, RGENEL 2 i . X R GB
RS R 11 em X6 em. fiEH HL R 5 V., ILEE Celectromyogram, EMG) By%i A HLE R 2~5 mV, TAEREE
FIoh—20~60 “C, ARSEEGMH T 1 88 GHEMSZ s 14Y) , A ES e EEHARSE N 2 s,

K2 UHEREEEASYH

ke (& 1310es ) 5 Rl K
FE kIR /°C iButton DS1923 —40~85 +0.1
2SR/ C Testol74H —20~70 +0.1
AHXINEEE / 4 Testol 74H 0~100 +5
BERIEE/C JTRO4 20~125 +0.5
KRG/ (m s Model 6004 0.1~20 +(50%+0. 1D

K2 i LA B R G

1.4 ZikE\E

SEEGHRBE T 30 ZAER KA R R RS 17 B B 13 &b A D Geit A4 e an g 3 Fs.,
JITA 32 1) B AR LA Aol B2 R R R 22 RGE 0 o« 21 78 A2 U B) 75 ORr R A ey f etk v , 22
SRAES SIS TR 12 h PRk IR L R BS54 TR, 2 h INASREIEA TR 2 5 B (R T A UL IR0 30
G 28 R GEAL T XA A 57 IR A . 2 AR R A o B R = &l 3 FR

®3 ZilEAOSRITFHE
(= NN § i/ % B /m TR kg BMI
B 17 23.6+£0.87  1.7940.05  74.06£12.02  23.15+3.33

bk 13 23.441.26 1. 64=0. 04 56.9247. 35 21.18=+2. 66
R 30 23.5+1.04 1.7240. 09 66.63+13. 29 22.3+3.17

1.5 LR

SEES AR A 4 BB WA 4 FR . ZiRETE LR IF LR AT 20 min
7 BRI S  FErIA] 1 8 58— ke CRERKAC RIBK ) |« iRk 2B 2
0. 44 clo(1 clo=0. 155 m* « K/W) . [Ait, 76 TA/E A 5 B B T il sg L s
IR 2R 50 B Bz IR B A5,

BrB: 1R A B 2GRS IE H 26 “C) A 20 min. s AL R




555 WIRAY 45 T B TR BE 5 T UL H 1] 10 2 PN AR T T A 99

BB L« A2 HE A 5 ) 3CRSRIREE A 18 “CH 4 30 min,

BB I A2 B A D[R] 3,340 1 B T 2% FACHIH R, BUIREHBHZY 1. 08 clo, P4 20 min.

BrBLIV « A2 F R Il 5[] 2 #4120 min,

AL AR T, B 10 min TR EWRAS A AEBT B 1 45T 7T LA KR4 05 % 10 min
RAE 1 IR, IRl i B R TR

% o
11‘3? Bl ﬁ B2 “‘ B3 @ B3 \T w2
| | | | |
—20 min 0 20 min 50 min 70 min 90 min
ole oZo PEX oo e oo olo R
& @ @ @ @ @ @ @ @ @

K4 I
FRREE; e—e A E; B EWEE

2 HIEAERSHAE

2.1 FHEKRBEEITERZE
S 7 PR TR FR R RS B A2 D IR AR SIS I I A S A AR AT 3 s R R A
T a4in=0. 07T torehead T 0. 05T g 0. 5T s 10, 18T s 0. 2T ¢ (D
FH T o~ T rorchend » Thand > Tctest ~ Tavigh ~ T carr 237900 A A2 Bz FRIRLEE L85k R L P75 1R L 0TI B L R
T 2 T/ INBR IR EE L °C
2.2 HEFALEE
TR ARG F XS T NURAE S AT IR B, AFFFEAEH] Matlab R2018b ., 38 i3 7 BH & £ B 50
Hz AT AR5 e A m 38 1 I 18] P31 X, 3l 2P 34948, A3 3] — B s a5 81 2, =X (2) fis
r,=X,—X (2
o X, W WLHCREE RGERE M IS RITH: X b X, B,
T ARSI LA 5 R R IO B SR RRAE NI AE B Ak A, TR LR [ 9 38 AR
JE(V s ) P A2 e — S P 18] P T 753 JUL PAT 79 1 J47 i Pl 5 32 — P T 4 R B8l 10 i A R A1, 20 =X (3D s
Vs R B TR ¥4 JUL A WSO i RS T8 P i 3y

(3

3 LIHHER

3.1 HABEESHEE

EFIE (TCV) B T AT P 53 8% 5 1 B 1 R RS s VR (TSV) S i T A ARFE AR B v iy
7 BESE, LA RN E 5 Frs . fEBYEL LB TSV 5 TCV BB WAk, 7EB B 1 i, EWPEAG & A4 3%
AL, ZiRF R AERE RS GrD o FERYBETT B, 1321803 A9 IR 3 SR 38 Jn, #2210 min 57 TSV
M TCV ARk, MBIV E, PR TS . TSV 5 TCV B EMGE , LI 45 ST 3 I JEA K
SZENRIUG KT o P AT U, 32 SO0 PT-A o B S B T B35 3 8 A R e AL 1 A X A A 2 L AR B R
TE M BRI
3.2 RBRBE

BRI EE B FH TP ANARBOIRES , (8] 6 JR~F- 2 e JR il B2 5 30 i ok Uk B i s () 28 A, AR S 350 R 8 40
PAEL 5T ARG R S A RRE A /N . &L 6 HOASHER i T B T AT R R



100

RO TR R

546 &

LAY BRI RE CLAR RIFR Bl T R R i TARBRER w2 . Hob WK IR ARV 2 87 10 min 5 FEAER
E o BB NN PBE S AR BRER T Y Bl A — 7 [ T, AR B B AL R AR BT M. il ] L e
Ao MR AL AR O ARG T SRRl L (R BRER L ) B IR IR A B A . SRR S AR
A T A 25 Dk B A 1) PR 858 14 B L PR I FOR RGN ZE B BE I AY 20 min P9 PR o nf LA i 1 9

VA [y e = AN
PGP AL L5 278 3t ) A R A0
5 BrEl =4l Uzl B Be IV B | st B B Be IV
2+
| o
0.510.37 (08 0.25 0.39
> ol oL 187 196 208
&= % S & e \
-1k \__» —l,‘15 -1.14 NL.20 1 h13
\ o s
N 83=1.85 ,,» 1} ~
at = 19 0.4
0.28 0.25 0,24 »-0.31
-3 Il 1 1 1 1 L 1 1 0 |77 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
H 8] /min I [8]/min
(@) TSV (b) TCV
& 5 TSV Hl TCV B a4k
_ S = = = o = oo T oaam o = "
- = e=all Bl BYELIV | = =l Bl BrELIV I
L L |
o 35 : o 35¢ |
.Ez( 34 o @ 34 E |
=33 T g 33 e,
r e ———, s ey F
%{ 32k e g |?__"§ 32 e, - I
7 31} 1B 31| P o s I
= __ 'LE E *hanpret I
B-30F 1™ 30f :
29 | (] (LA ooy g | 29 L Loy cliamap gy Lo L o) I
__0Flolibh 30 | 40 1500 60 | 701000 | 0 ol 20 30 40 50 60 70 801 op |
:_ 36 Iy 36 I
10 35F : 1,35 I
<3l 1< 34 <
I = o [ =S =
|E 3L ' e .
: or 3oL : | 3 32 T I =
L e - RN
|$3] - o I |E 31 F " : - | =
I 30 L b .’..- | | 30 L eree o . e |
= 29 ol i T it e | | 29 L i[5 ey, | I L L e |
= | 0 " 1ol 20 30 40 50 60 o 80ltopl | 0 ol 20 30 40 50 60 70 80f 90 |
Bl I I L
-‘%gl 36 g 36 I
35 oo, RN |
[ , I
losgf ., s N Sl I
| sy % » =
B3 N Srsottsoissosaggs oot |=33F I
: X 32 : |;§ 32k I
& 31F =31F I
(=0 I lg-' L |
30 - | 30 |
I 29 1 " 1 1 1 1 ] L 1 1 1 L ] I I 29 L 1 M 1 1 1 n 1 1 " 1 " 1 1 L ] I
I 0 10_20 30 40_50 60 70 80 90k, 0 10 20 30 40 50 60 70 80 90 |
115 [8]/min 15 [8]/min

3.3 EEBALEE

Bl 6 Bk AL B fa] 922 £k

DAL 25 R W] il i e rp LAl 15 Bt A8 L R AR — B, LA 08 A A 2R BRI 2 LA 5
St Bz LA AR T AR S

T RS ER LA P

okl
Iy

LRI, Vius AN SR IEZS A0 » I Kruskal-Wallis #2504 2500 T Y22 50 45 5 a0 36 4 s,

BT PRAL L L 2 Beli§ 50 A5 71380 1 10 s JUL e PR A 2 D7 R FL T (Vs



555 WIRAY 45 T B TR BE 5 T UL H 1] 10 2 PN AR T T A 101

R4 EHMBERA Vs BESE

[¥E i AREA Vs CPYIE £ FRiEZD P
Brgs 1 Gt » 27 7.454+2.25
BB 1 Gl 2) 21 19.71+1. 94 000077
BB 1T G 3.4) 23 17. 66 4. 50
BB I Gt 5) 28 14. 45+7. 56 0098
BB I Gt 6) 28 17. 66+4. 50
FrBe IV Gl 7.8) 29 14.45+7.56 0.0147

TE WM * x % x % "IFIR p<<0. 05, p<C0. 001,

ek 4 57 A N 10 2 DRI 6— Dk 7 AL Vs B0 B M2 5 AR 1
1 2 I LIS e T S 2 o 1 2 A2 0 R A FE VR BRISE , LSO 5 | A SR A S e e WA ™ A AV 5 By
PR VAR T A UL R AT L SR B B S i AR A R I 4 5 WL Vs WS AT RIS
EAEGET o ERFRIN 22 5. DRI 1 3 JUL R P AN RE A vl M P 8 e PR BELIS A PR
3.4 FXRES Vs H—HE

AT SRR 2R AT Y AL Vs -5 800K il 22 A B SRR B L 5 e 19— Bk L e i sz i A 4 B
Berb g Es R A0 8 Fras . BB L —BrBe [ A9 A o, v 5% B A B AR T Vs TH . 7EBTBX
1 —Br B I A A v B 1 2 (LT AL Viws WA AR (EAESE T2 EORRBUN 2250 . fEB B
[T—Br B IV i R v, b P85 Tk B A0 T v s T Vs FEAER . DRLIRG L 608 B2 B R i e v, A
Views TER(E b RS HEA19G 2%, BIVARIUBR AR , 1 208 UL PAJ WAz 40 o B2 17

L, e e BrEL T BrELV 30
30 —_ o
28F 25 F
26 :
24| "
22 | T > 20
= 18k N N : e
Sk | Ber | %
214k ; . =
12 s ,/ 10
10 |
o |,
sf== st
4 1 1 1 1 1 1
2F 30 31 32 33 34 35 36
WA B2 W3 WRte BIAS Wike W7 Mits Bk I JEeC
me L B8 AR B B2 R Bk R S A i A
T AT A% T T3 AL P T 7 B 28 O mEEL; eHMEI; ABRBN; vEBN;
B LT, ¢ BT B, B, < RV B
4 it
4.1 5CBEHRBXTEE
18 1 % FE IR A BB S ETE 2 (B N TE AR O AR BB R AN TR AP IE R B 2 (] 22 5% g 3

e LA BB 305 114 o P e 25 5 A AR A S MU 75 1T U P BT 1 2 WL Ao FEAR DG
FEHR T8 R 2 B IR BE A3 A Ol B 5 AR RS R 22 A1 [R] 2 0L 1) 6 9 A — e o3 B AR 3 P A 50
AT BT FE T L P PR OK PP AR 1)y 1 AR B, TEUk B 526 e 3 e . (HARIFSY
] 5 35 T R R R TP FAET A A ik L TTAN SV I 57 7 — i ok o o 0 3 0 o {1 292



102 RO TR R 546 &

FNWT AR T A0 T rp PR R 00 A USR5 SR W 52 2 v i o8 B MR BV TR T & T (e R R
15 min JrBERIR B AR AT FEVE . TV AS P REAS AR AL T ML AT WSc 206 175 00 o [0 P 1A 90 g JER 3 2 T L2 i
T S B JPR L RE 728 P 00 o A 45 5 A 5 T b ) D B3 3 R eSS e TR Xl B R S Rk
4.2 EEPALE B AR ER AT

AT FE B BT LA T 3080 53 A T o L R PR 0T AV B ) S IR SR A AR 2 SR AT 5 32 . [T
R A WFA A PR SETAN TR PRBE HEA PR, 25 SRS W A BB I vk o e 4 JUL e P (g L)
ARAGHA K, 55 FOLIF AL 0 B JEK it B8 A A R AR — B0, RS T NS B R TR 5 v 7 L R, P A BT 3 ) T
itk
4.3 FHARHBRME

AR SR T A= R AR FUR T T BRI EE TR ALA (D 5 FWPPAG AR SS & . AXFSE T 3 5 b ik
PRISE I T A JUL FEL 1 ) 28, X T RO B3 BRI T FRAR I 5 3 0 ph T A MARAE T BB S I TR 78 1 T2 2 e HL A
5 B R EHE A DRI AERE— PRI A R 5 7R BEA T R S50 A A L, SR T s AL P L
BT 55 5 224 BRAR BR (AN B IR I U I WA A0 3 O 38 A48 S M ) — R R B AT AR 28 I i SR B 1Y
P

5 Zig

AR SR FH 3 I A5 A0 AR PRSI 7 i AR 9E T 30 44 32 108 0 PR AR TR A8 £k B 1 I R SABH i J5
F1% B IR T PS8 R A UL R A A A LA L RN

1) FEBUEPREE B ) T 00 T B B A L AR BREZ AL B Rl BE (28 A A< b AL B

2) SIAEARRS . TSV TCV 75 2B L (R81k B2 Il B T 5 A8 Ak Al B i A6 B JIk i 2 45 39
W A . I A vl AT/ TR AR I AR 7 PR B v R R P B2 IR E

3) 1A A8 AL A T L e S U A A S v 5 T TS UL P S e T S o TR UL I S ol A A R A
I

25 LRI ARG SE B SEIPREE T o 1 FR AL A PRV AN A 2 3K -5 T LA R B SR it AR A R —
B Ay — PR B PIAG 7505 T AT U

52 3Lk (References) :

(1] X, s ORI R BT 5T LD ). B PR 8 R K%, 2010,
LIU Jin. Improve the indoor thermal environment of rural residential design and research in Chongqing[ D]. Chongging: Chongqing U-
niversity, 2010.

(2] HEWRUR. BT TAERCR B RN & A IR EEE I 7T (D], dbat. db o Talk k2, 2021.
DONG Nana. Research on indoor thermal environment control based on maximum work efficiency[ DJ. Beijing: North China University
of Technology. 2021.

[3] CHAUDHURIT, ZHAID Q. SOH Y C,et al. Random forest based thermal comfort prediction from gender-specific physiological pa-
rameters using wearable sensing technology[J . Energy and Buildings, 2018, 166:391-406.

(4] BERL IREE S MBI T AR ER @ D5 (D). TR F PR, 2013
LIAO Jianke. Thermal comfort in dynamic environment under temperature step conditions[ D]. Chongqing: Chongqing University,
2013.

[5] BULCAO C F.FRANK S M,RAJA S N,et al. Relative contribution of core and skin temperatures to thermal comfort in humans[]].
Journal of Thermal Biology,2000,25:147-150.

(6] BRTI AW, 22 RS 58 T AR Y BT A3l SR PET I L3 A [T ], ¥R 2 T2, 2019, 41(6) : 723-730.
CHEN Jiging, ZHENG Xijiao, LAN Fengchong, et al. An analysis on thermal comfort in passenger compartment based on human ther-
mal regulation model[ J]. Automotive Engineering, 2019, 41(6):723-730.

[7] LIUW W,LIAN Z W,DENG Q H. Use of mean skin temperature in evaluation of individual thermal comfort for a person in a sleeping
posture under steady thermal environment[ ] ]. Indoor and Built Environment,2015,24:489-499.

[8] HAO SN,WANG F,GUAN J,et al. Skin temperature indexes to evaluate thermal sensation and cognitive performance in hot environ-

ments[ ] |. Building and Environment,2023,242:110540.



555 WIRAY 45 T B TR BE 5 T UL H 1] 10 2 PN AR T T A 103

[9] KIM C,KIM C,KIM H,et al. Facial electromyogram-based facial gesture recognition for hands-free control of an AR/VR environ-
ment: Optimal gesture set selection and validation of feasibility as an assistive technology[J]. Biomedical Engineering Letters, 2023,
13(3):465-473.

[10] MORREE H,MAROCORA S. Facial electromyography as a measure of effort during physical and mental tasks[]]. Electromyogra-

phy New Developments Procedures &. Applications,2012,187:103-122.

[11] BEz AL XVEPR I, 5 &R T T R PO 1E AT ], 5 S TR %M, 2019,40(4) : 76-83.

KANG Yunxing, LIU Guodan, TONG Li, et al. Analysis of the thermal regulation effect of clothing under near-comfort conditions[ J].
Journal of Qingdao University of Technology,2019,40(4) :76-83.

[12] CHOIJ K,MIKI K,SAGAWA S. Evaluation of mean skin temperature formulas by infrared thermography[J]. International Journal

of Biometeorology,1997,41:68-75.

[13] XUESHE &4 XS R L0 45, NAETE ZITAEARLT ). B R4 (AR . 2011,42(2) : 521-526.

LIU Weiwei, LIAN Zhiwei, DENG Qihong, et al. Objective evaluation indicators of human thermal comfort[]]. Journal of Central
South University(Science and Technology),2011,42(2) :521-526.

[14] BRI BRUS  WRB . 45, rh 4558 Bsm B T A RHVERSE 15 78 B R S A G e it g (). B RE 2%, 2021, 37(8) 16778,

XU Qinghao, CHEN Hao, CHEN Lin, et al. Experimental study on the correlation between thermal sensation and physiological
response at moderate exercise intensity[ ] |. Building Science,2021,37(8):67-78.

(150 AT L. AAM0, S, 56T 0 B T 7 1Y AT 8 S SA 0L 1. i 2594, 2021, 51(7) . 111-117.

LIN Yufan, YANG Liu, CHAI Xi. Prediction of thermal comfort voting based on psychology-physiological adaptation[]]. Heating
Ventilating & Air Conditioning,2021,51(7):111-117.

[16] TIAN X Y,SHI L,WANG Z,et al. A thermal comfort evaluation model based on facial skin temperature[ ] ]. Building and Environ-

ment,2023,235:110244.
[17] KUCHEN E,FISCH M N. Spot monitoring: Thermal comfort evaluation in 25 office buildings in winter[ ] ]. Building and Environ-
ment,2009,44(4) .839-847.

[18] BURATTI C, RICCIARDI P. Adaptive analysis of thermal comfort in university class-rooms: Correlation between experimental data
and mathematical models[ ] |. Building and Environment,2009,44(4) :674-687.

[19] ZHANG Y F,ZHAO R Y. Relationship between thermal sensation and comfort in non-uniform and dynamic environments[ J ]. Build-
ing and Environment,2009,44(7) :1386-1391.

(UAEZR A TRBEsH; EURE A2

(L% 88 I)

[20]  TRIHG . BRTFAN 230, B8 GOAR PRy Bl i 4 03 1 L 8 e HOuh 88 e A R st [T . PP DK ™ Fh2#, 2020, 27(1) : 82-96.
ZHANG Xuemei, ZHANG Xiumei. LI Wentao. Isolation and screening of rhizosphere phosphorus-solubilizing microorganisms and
their effects on eelgrass growt[]J]. Journal of Fishery Sciences of China,2020,27(1):82-96.

(210 T 3CHE. IO AR R A B DA A 07 8 B X+ 3l 2R FH R A2 ma [ D, HEZE . U 11l K2, 2022,
WANG Wenjing. Screening of phosphorus solubilizing bacteria in intercropping soybean rhizosphere and their effects on soil phosphor-
us utilization[ D]. Ya’an:Sichuan Agricultural University,2022.

[22] ROSE T J,HARDIPUTRA B,RENGEL Z. Wheat,canola and grain legume access to soil phosphorus fractions differs in soils with
contrasting phosphorus dynamics[J]. Plant and Soil,2010,326(1/2):159-170.

[23] CROSS A F,SCHLESINGER W H. A literature review and evaluation of the Hedley fractionation: Applications to the biogeochemi-
cal cycle of soil phosphorus in natural ecosystems[J]. Geoderma,1995,64(3):197-214.

[24] RAEHR M, wl B, 5. BORWRNE XS TR A AR K P SRR 22 09 52 ma L) . v = B E Y2441, 2020, 42(5) £ 888-895.
SUO Yanyan,ZHANG Xiang,SI Xianzong.et al. Effect of different synergistic phosphate fertilizer on growth, yield and phosphorus
use efficiency of peanut[]J]. Chinese Journal of Oil Crop Sciences,2020,42(5) ; 888-895.

(FrAE 4 RBesh; E AR T F2L4E)



