L 106 EEHIREt ZBILOSHI06-H312

MR BROTEEREPNE
RN FEEJEENRTEL

Using Big Data Analysis to Construct a Heat Stress Database
Framework for Outdoor Workers under High Temperature







KBRS

B

ILOSH106-H312

24

P NS SRR

SRR TSRS TT R R

Using Big Data Analysis to Construct a
Heat Stress Database Framework for
Outdoor Workers under High
Temperature

LRI I S e ]



ILOSH106-H312

HARBE T TREERE NG R
SRR IR TT R E

Using Big Data Analysis to Construct a
Heat Stress Database Framework for
Outdoor Workers under High
Temperature

HIRERA - BEE - gt
STEEMEAL - FEE S MR L S AT SEAT
BFEHR - PERE 106429 5 3HE 1075125 2H

BFEE AT S R 5%
R RS R BRIL S

S B RBSR L e SR
FEERIE] 108 5 6 H



w =

N ER AN S [ BN RO BRI S 2 B &ron IR S A8 E
HREZFE > BEPINGRRIERSA S EE Z Ve E R (LT e
) IR B PR 2470 Hh TR

AWTFE L HAYRLE 28t H pi FAM R &R e TEA e > BER
HRF S et STIER 222 AT FEE Y A o RO o TR 280 > BLIEBRSHE S Ro(D)IENT LA
HRGEVNERHENTIRE AR WBGT IEEEIEERAR - BRI =S hE RORME
BT WBGT [EEFFH © QLIFREUEIEE BT P I RIR TF RS PT ol
WBGT (B A\ FE8 f AL kQBEFRNERn B EEN T E - Bl
Bl BN R THE 2 2 B

AHFELE 105 F 25Tt VAR R SRS E > (E T (57 T
TAFGATECHE - WAL B s K P AMESEIG I TR Rt » (Rl o e
IRRENE - FEWIFEFANENBERY,; - BB In T REERIIHECRAE 51 L FINE R
MRS LS b LERS WBGT &E - Sl shErin EBE &l ra
HYEEIE K IRE - 2 & RURIF RGeS e AV S E RS, A
REERAH FIMERES TG EEHE ZEM  WERIR PN BRI 5
T WBGT 8% > DUE R Gba THE 2l 2 B0 -

IR E AT - 5 (EShE I E 5 51 il > Hp 2 i REE AR ~ L
TRATRHE R - 88 B RIFEE FING RUR RS EARERLZ T &
FEPGZKI ~ R~ BT ~ JKE L ~ SlfFh T3 - (EHMEER > ZNEEE P
1T 6 RZEGHFE T Fra 2 5 LEBRISIL2HE —F Ll EEFoRE
RUBRAEGE M 51 AL TR BRI S V) i £ S S S ~ 5
et e - SR E 10 BRE T 3 Bk H IRgsa IRkt - il
i 70%Z MEAE SN TAERF I 3 /NRFLLE

AT RS T & BL-500 BUHIEEE WBGT gl P i E WBGT-
AR WBGT B ~ H& A-FANE RURTEES AT #E 2 B ME - HE
BEEACERT - DR ECHIES(HRV)FT 2R B Bk - RS UG i 2 B3R
FrMluh(RIL ~ 3UK - @) &R 6 MERARE - MEROITEUR > SHIkRE
Sty ~ TOEREER - B HRARRFAFERNZRN 2 S50 WBGT 2

i



HZ#Z5 Hrt BL-500 FOlEEE IR HER 2 29 WBGT 71t 29.1-35.8 C i - &
AR AR B BIRHER 2 V45 WBGT HI(E 27.8-37.0C Z[H -

[E A B o EL B A4S SRS - TAEII LR ERFE  WBGT fESREAY E 73 LE
#HiE 7T 1Ry 0.5%% 100%(BL-500 EQHIZEE) K 11.9%% 94.7% 2 [E (BRI ZE i
4H) -

BEAh > (RS E e A RHINEHE S WBGT {8 - Ik T F A
oISl me B i S R JE TR RN AR BB N (R R I A B 2 PAhS
RO EES L2255 o

& LorMr o MEF] BL-500 FUHIE B & AR IR /e B IR S T AH IR
WBGT #Zba Ul - Bt ECHEs F20 N & OPMH B BuE 2 nI1 TP R H

B SERNEURETES LR Na RO i WBGT aE FR BRI VG
FHE BN -

BRI © FANEEIE - BUR - WBGT ~ ByEE R RS - B - BEH

B
=3



Abstract

Establishing heat-stress exposure sensing and heat-warning systems
for workers in outdoor high-temperature workplace is in urgent needs due
to the global warming trend and current record-high temperature situations
in Taiwan in recent years. Integrating multidisciplinary expertise on heat-
stress exposure assessment, environmental sensing, heterogeneous data
fusion, and big data analytics, our research team will work together to
overcome current data and tool limitations for the purpose of establishing
a fast-response and high temporal-spatial resolution heat-stress exposure
sensing and heat-warning system for workers in outdoor high-temperature
workplace in the future. There are nine major tasks, including literature
review, application to institution review board for human subject trials,
monitoring strategy planning for exposure assessment, wearable heat-
stress exposure sensing system application, environmental monitoring of
outdoor  high-temperature workplaces, physiological-indicator
measurements for workers in outdoor high-temperature workplaces,
temperature measurements of materials in workplaces, analysis of
relationships of workers’ Wet bulb global temperatures (WBGT) and
physiological indicators, and an information platform for managers in
outdoor high-temperature workplaces. The major outputs of this project are
the following: (1) a standard operating procedure to convert meteorological
measurements to WBGT in the outdoor workplaces in order to establish
WBGT classification in outdoor high-temperature workplace, (2) a
wearable sensing system to conduct personal exposure assessment and
physiological indicators, and (3) an information platform for managers in
outdoor high-temperature workplaces, as foundations for future heat-stress

exposure sensing and heat-warning system.

The wearable sensing device for outdoor workers’ heat-stress
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exposure was improved for the suitability to be worn by outdoor workers.
These devices were also evaluated in the laboratory and in the fields. The
data transmission function was greatly enhanced. These devices were
applied in the workplaces for 51 outdoor workers to assess WBGT. In
addition, multiple functions were added to the information platform for
managers in outdoor high-temperature workplaces. The real-time personal
WBGT measurements can be wirelessly transmitted to the database of this
platform. Information regarding the heat-stress and preventive measures
have been presented in this platform, as foundations for future heat-stress

exposure sensing and heat-warning system.

In the workers” WBGT assessment, 51 construction workers with
different job titles and tasks were recruited to wear the sensing devices and
physiological sensors. These workers usually work 6 days a week. More
than half of the subjects in all five sites feel hot during working hours. Steel
1s the most frequently encountered high-temperature object. In all five sites,
more than 70% of the subjects have to work outdoors for more than 3 hours
during the period of 10am-3pm, indicating the long exposure duration of

construction workers working directly under the sun.

Six different types of data were collected, including two kinds of
wearable device data (commercial BL-500 and wearable sensing device),
two kinds of questionnaires, physiological measurements from Rooti Rx
system, and ambient meteorological data from on-site weather station and
nearby Central Weather Bureau Stations. WBGT were calculated based on
these measurements. The average WBGT in five sites varied from 29.1-

358°C and 27.8-37.0°C for BL-500 and wearable sensing devices,

respectively, depending on the weather conditions and characteristics of
the construction sites. The percentage of time that the subjects experienced

WBGT higher than 32.2°C, i.e. a dangerous zone marked by black flags,
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ranged from 0.5-100% and 11.9-94.7% for BL-500 and wearable sensing

device, respectively.

Besides wearing the wearable device, another alternative to estimate

workers' WBGT is to obtain WBGT from the on-site weather station.

These analysis indicates the feasibility and the importance of applying
wearable devices and on-site weather stations for heat-stress monitoring of
workers, as well as the urgency of setting appropriate WBGT categories
and real-time heat-warning system to protect health of outdoor workers in

Taiwan.

Keywords: outdoor worker, heatwave, WBGT, heat-stress exposure

assessment, exposure assessment, heat warning system
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(—) ' Internet of Things (IoT) : A vision, architectural elements, and future
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| Platform
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Applications

Cloud
Computing

Surveillance

-9 ‘ a Eﬁ7'§x

== b Né

Critical )
infrastructure Environment Health Smart
monitoring Monitoring  Monitoring Transportation
Visualization . 4 Analytics
Y SaaS
A Paas X
Computation 4 laas b Storage

“Network of Things”

R

Wireless Sensor Networks

ol |
o i

o 1
m . |
T .

Security, Re-configurability, Quality of Service, Communication protocols,

Location Awareness, Compressive Sensing

. ! l n ol ‘ ||ll|' “ x,
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& 4 DLENm¥ & RiZ ORISR (HL 25 T I RE R L B AY)

(=) " A Survey on Human Activity Recognition using Wearable Sensors |

Bk HAR #EfTIEFR S oM » 3% 3 4848 1 GBI S A (EDES) -
Z< 3 Human Activity Classification
Group Activities
Ambulation Walking, running, sitting, standing still, lying, climbing
srairs, descending stairs, riding escalator, and riding
elevator.
Transportation Riding a bus, cycling, and driving.

Phone usage

Text messaging, making a call.

Daily activities

Eating, drinking, working at the PC, watching TV, reading,

brushing teeth, stretching, scrubbing, and vacuuming.

Exercise/fitness Rowing, lifting weights, spinning, Nordic walking, and
doing push ups.
Military Crawling, kneeling, situation assessment, and opening a
door.
Upper body Chewing, speaking, swallowing, sighing, and moving the

head.
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23/ @ ll [ a2
. . il
Accelerometer, Cellphone, PDA, or laptop. UDP/IP or TCP/IP Local (on the integration

GPS, heart via Wi-Fior the cellular device) or remote (on the
monitor, ECG, light network. server).
sensor, thermometer, etc.
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(=) " A Health-IoT Platform Based on the Integration of Intelligent Packaging,

Unobtrusive Bio-Sensor and Intelligent Medicine Box |
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4t & iMedBox (an open-platform-based intelligent medicine box) -~
iMedPack(intelligent pharmaceutical packaging) ~ Bio-Patch (flexible and wearable
bio-medical sensor device) » $HpL—{EEANEZMEE 5 > ME—EIUR AR
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Medicine
Supply Chain
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h Server
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&l 6 Health-IoT Ze&tfsfatfE S =

HAH 4557 3 )& > " Smart medical service layer (ZFHEESSIRIRHSE ) | »
" Medical resource managemant layer( B2 & g ) |~ Sensor data collecting
layer (EOHIZREHEUER) o (B 7) -
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% 21 B IR AR () SRR AR ENRE > (b)ARFZHaT B

(a)
gyl ﬁf? ;{(T) FH¥EREE (Relative Humidity) 53
g B BE(C) RH (%) i
SPGB IR A | N | B/ IME | PR B R 2 i K E | B ME
6 7 H 18 H| 35.0 0.9 374 | 32.8 | 54.0 2.6 59.6 | 479 451
7H19H| 353 1.5 37.6 | 30.7 | 57.0 5.5 743 | 49.2 511
. 8 H7H | 35.1 3.0 38.6 | 27.8 | 57.3 8.5 78.4 | 46.5 581
8 H8 H | 36.0 2.3 39.7 | 30.6 | 53.5 6.2 694 | 444 527
8 H9H | 33.3 1.4 36.7 | 30.2 | 61.7 4.5 70.5 | 504 501
8 8 H 10 H| 34.5 1.8 38.1 | 30.5 | 56.7 5.5 71.6 | 47.7 494
9 8 H 22 H| 33.9 1.4 36.7 | 309 | 614 6.4 74.5 | 53.4 514
8 H23 H| 325 0.6 343 | 31.1 | 66.5 2.2 75.0 | 60.6 457
10 9H3H| 352 1.6 379 | 31.3 | 50.6 4.2 61.3 | 43.1 451
9H4H | 358 1.5 384 | 32.2 | 542 5.3 66.8 | 45.0 481
(b)
- R KI5%E5T(Solar Radiation) JE\ZE(Wind Speed) >
o | RERAR Wam2) BRI (uisee) | ek
S B AR A | K E | e IME | PP B AR 2 | K E | v IME
6 7 H 18 H| 748 255 | 1103 | 131 0.5 04 2.0 0 451
7 H 19 H| 660 307 | 1204 47 0.3 0.4 2.5 0 511
8H7H| 689 225 1054 68 0.6 0.7 2.5 0 581
7 8 H8H | 666 280 | 1073 41 0.9 1.0 5.5 0 527
g 8 HOH | 283 238 898 62 1.0 0.7 3.0 0 501
8 H 10 H| 548 226 | 1023 | 133 0.8 0.6 2.5 0 494
9 8 H 22 H| 515 356 | 1092 31 04 0.5 2.0 0 514
8 H 23 H| 453 317 | 1134 38 1.0 0.6 3.0 0 457
10 9H3H | 754 148 933 371 0.9 0.6 3.0 0 451
9H4H/| 660 222 | 1001 167 0.8 0.6 2.5 0 481
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% 23 R BE IR AR RAER GBI EIE TS 2 25 TIFEER . WBGT

e | WBGT FEE(C) AT
PALRSE | RPN m TeeE [eocE [R0E | s
6 7H18H |356 32 |434 0 |29.8 451
7H19H |[363 R 3.8 [449 1 |286 B 511
7 8 H7H 358 1 36 (4400 262 B 581
8 H8H 357 1 39 (44910 (277 B 527
g 8 H9H 30.9 24 |40.1 0 |27.7 B 501
SH10H |335 1 30 (42410 (2878 494
9 §8H22H |340 K 4.1 431 0 [286 B 514
8H23H |315 8 2.2 41.1 B (282 B 457
10 9H3H 342 1 23 41.5 B (299 451
9H4H 348 1 23 (424 1 308 481

7224 B T{EEEATIRE Y WBGT (L& R EBE AT E 4t

k| B
&%  HIH
s 1A 18H
7 H 19 H
. |[8H7H
8 7 8H
o [[8H9H
8 H 10 H
o [8H22H
8 H 23 H
9H3H
10 55
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{E% | % [EE] % | (&8 % | (%
28 [62] o 0 451
34 [e6] 1 0 511
37 [64] 6 2 581
21 [ 430 [57] o 527
186 [37.1] 152 [303] o 501
84 (7|15 [3 ] 0 494
o4 [183] 74 [144] o 514
167 |36:5] 71 [155] o 457
15 [33] o 0 451
1 [23] o 0 431




KGR
FH 2 FEE (%) JE 2 (m/s)

(Watts/mn2)

RRIMmBEC

HOBO_WBGT(site 6-10)

e

311 32.2

| 26.7

Va1

25 30 35 40 45
WBGT(°C)

63 WBGT B2 &S B i
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R/ BB 6 05 SR BRON & 69 BB/ NIE R FE A LR S5 R H RPAHE 155(0.9845,
N=657) » HL}# Fy 0.95 411[E] 72 %5 LIP3 4E ¥ 7= (mean absolute error) & » £t MAE
Fo L1 AE B 10 BRE T PRI S AERRZE - i SURSBUIEEHAE R 6 IR B
BEAVERRTHEEAR-0.5C R 1.3C - #i52  HPERESMHEE/N - 12
ERTte Z BB AR & AT

FE£ 2018 52 7 H Je 8 AHY 5 R EESUE EIRBINIE - DIASEh =R ASA M5
B 6 I BEREITRIZLEE - HOBO SRS MIEARY BB/ N LB 6 INf FRECH &
FORER/ NIRRT TR - 45 REEUR » R AHET5(0.89, N=226) » HAIE R 0.72 ~
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b —/NEf > 2K y=0.9925x +1.6029
R2=0.9665
60
B N=67

0 10 20 30 40 50 60

H Rl FTHOBO Weather Station-Calculated Globe
Temperature (C)

[ 74 2018 AEAEN = IR A FURIEEL 6 I SELEROH S Y SR BROR FE B2 LR (a) 47 88,
(b)1 /]\E%

A~ WBGT EUHIZE FHABURE T

S ESNESROREREE WBGT FEE > > e EIR R T A R fE iR i mom
UL TR AT RE 2 SRR ERHET TR - R R BT ST B R Ge A R s 2 22 5
M~ BEABURE TSRO > MEERCA B ESS WBGT BUNME 2 22 ©

WBGT A HRRRE « HENRE - BELLUCRIGIRS S 4 RS 0L T
R > AT SRR =AU K S R 2017 5 6-8 HHVBUIIETHEE R -
ML 2 FE DT EOME, WBGT £ 4 FR R S EHIBUEE -

ST B R SRR BRI (DL T BRSS9 HT 735 —) - 1
Hob | RGSHIEHE R A 3 FR SRS R e
WBGT » I FUAHBAREL0) - E57LEE F(diff) ~ #9077 R (RMSE) ~ P9 {R7%
(MBE) ~ 5948} {775(MAGE) ~ 4y Bi[R#(MFB) ~ 48815y B[R (MFE) « F#5% f5
B(RY) BB AIER: WBGT [ 25 - PSS gt 4 AL 209 B TA
AT WBGT GERLLA - % 26 B AL SR E B E I BT ER
9« DUT 5 He A B diff) « ST AR F(RMSE) » 53 BURZE(MEFB) - 4B B IR
#(MFE) « {55 (MBE)L R TAIBEHR2(MAGE) A -

547 EE 7= B (Percentage Different, %diff) :
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SO

k=1i=1

%odif f = -

(Plk +01k/2)

5 R 7 (Root-Mean-Square error, RMSE)

M N

2

NZZ(Pi,k — Oix)
k=1i=1

V45 {% 7= (Mean Biased Error, MBE)

RMSE =

2 oo (P -0
MFB = z z i,k i,k
M X N - Pi,k + Oi,k

&% 872 (Mean Fractional Error, MFE)

M N

MFE = 2 E E
" MXxN L

1=

k=1

Py — 0k

Py + 0k

Hep M RyRra IAE > N Pt/ NRFE > P B 1K - 28 k AIBEZ THER

1B » O B%6 1 K ~ 28 k HInbh 2 BUHIE -

B AR AR S HEREL10%((LL T R B A 7742 2) RIERF WBGT

EEARTEE A 4 SRR 2 H - RSROE ~ FHEDRE » UK KIS 6-8 HEY P

TTAVEIH R — SRR S HEREEE10% - FHELEAM 3 R RSB WBGT » 18

4 RRSHBITRHEZ 6-8 A VHEEHRZ WBGT Eb# - Eh T A PRAE R =

(Absolute Error)Eiz5:7E 1 47 bL(Percentage Error, %error) o

(—) BURE A« RSEFHEREDEIIER
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BUAE R AE R 36.9 > B/IMA 20.6  SEI5{H 27.0 » fBEEEF 3.1 5 WBGT JHMIE
B AAE Ky 33.9 > e/ IME 20.6 > SEIFME 27.0 » EAEFEE R 2.0 « FHRFH S 1 R SH
THERAE DABUHMELAU WBGT FHIE S AME S M 32.3-39.9 F/IME T2 19.3-20.6
SEE(E £y 25.1-28.9 » REAEFE Ty 1.6-3.8 < ik WBGT BUHIE R AME f 34.7 > i
/IME 227 SPE(E 28.2 0 BEAEFE Ky 2.5 WBGT FUAIE B AME Ky 33.9 0 B/ )ME 24.3
PEME 27.7 » BEAEE Ry 1.2 < R —fE R G S B THR E DIBUIHE HU - WBGT
TEHIE S AE RS 33.2-37.60 £/ IME 22.3-24.3 » SEH{H 27.0-28.9 » fEkE7 1 1.1-2.7 ¢

TS BURNE 73 M7 7572 — 2 B P B L S ] R A5 (% 28 ~ ] 75 28 78) » 2 (|
SRS 3 R AR RO S SR - 2 RS S HTHEE DEBIE R % - i
My WBGT HH¥1? 4 TR G 2B Ry THER (B Frigiany WBGT 4528 K - DA
HUE FHE(R) LI R 22(MBE) R - KRR S TR (E AR FUREBUHERUR > 2
AERIBE L E A E(RY H 0.44 EFH2E 0.87 » mffEHIvG 0.63 EFF-= 0.91 - ZAEHINEF
Hfm7AZMBE)H 0.08 FFH2 1.90 » S HEHINE-0.51 FF+%2 0.68 < FHEHRE THER L
DR EEUIER - ZAUHIEE GBR)H 0.44 FFEZE 0.09 > SRS 0.63
TR 0.29 - MZICAEE P RZE(MBE)H 0.08 N £-1.82  EE5E-0.51 R
F-1.17 o iy FIEE TR 4 [ER RS WBGT 28218 RFORE FAHENR
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(7)) BURE S ET « RESHTIEL10%

BURNE 3T 774 —VEE SRR 29 5% 30 BR » 2 (BRI R RUR S B S sRE
VEAF£2.8-2.9 [ > AHEDRE F5+0.8 » EUEELKPSHRES fo0-0.1 [  KFUREREZH
3B E+9.9-10.7% » AR FE 3575 7 4 b Fy+2.8-3.0% » T Jal B K P HE A Fy+0-0.4
Z[8 e R&ER A WBGT Z 2R FRE AT B A HIORBMHENRE i WBGT
2 S| J R R K P R Y s 2 N

26 BURNE 1A — 2 0T AR A

bt Iy A T EH

=R TUiE SRR S8 R TR (E

Temp.TPE R SR P (B DR R0 B E AU
RH. TPE HH TR RE TH (DU R RN (E B
Wind Speed. TPE JoE\ 2R P i (DA DR A

Solar Radiation. TPE KPR TE (B DAK o m s B (E HUA
15 IR TURE SRR S8 R TR (E

Temp.KHC R SR PR (B DR R0 EEDIE AU
RH. KHC RS TR R (E DU SR BRI E AU
Wind Speed. KHC JiE\ 2R P i (DA DR A

Solar Radiation. KHC KPR TE (B DAK o m s B (E HUA

% 27 EALH S A B TH R (B Rt

ey 2 obs.max|obs.minjobs.meanobs.sd[pre.max|pre.minjpre.mean|pre.sd
Ealwilivia 33.9 | 206 | 27.0 |20
Temp. TPE 399 | 193 289 | 3.8
RH. TPE 36.9 | 20.6 27.0 3.1 | 323 | 198 | 25.1 1.6
'Wind Speed. TPE 37.1 | 20.5 27.6 | 25
Solar Radiation. TPE 32,5 | 20.6 26.8 1.8
= G 33.9 | 243 | 277 |12
Temp.KHC 37.6 | 23.0 | 289 |27
RH. KHC 347 | 22.7 282 | 25| 332 | 223 27.0 | 1.2
'Wind Speed. KHC 335 [ 242 | 280 |14
Solar Radiation. KHC 33.8 | 243 27.6 1.1
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% 28 BURE AT T AR

By i r |%difff RMSE|MBE|MAGE|MFB |MFE|slope|intercept | R? [Number
= J0HILE 0.66(6.63| 2.28 [0.08| 1.81 [0.65[6.63[1.04| -1.08 |0.44
Temp.TPE 0.93|7.09| 2.41 |1.90| 2.04 |6.54|7.09/0.74| 5.51 {0.87
RH. TPE 0.30{9.68| 3.51 |-1.82| 2.60 |-6.56]9.68|0.57| 12.65 [0.09| 1953
Wind Speed. TPE 0.78]5.97| 2.03 |0.62| 1.62 [2.47]5.97/0.94| 1.15 [0.60

Solar Radiation. TPE 0.6616.74| 2.31 |-0.14( 1.85 [-0.12{6.74|1.12| -3.03 ]0.43

S RIS 0.7914.93| 1.79 |-0.51| 1.41 |-1.52|4.93|1.66| -17.74 [0.63
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% 29 R AT A AE R (EILALE)

Temp|RH [WS| SR Wet Bulb Globe WBGT Absolute Operror
Temperature | Temperature Error
2ZJEMIE 29.8 167.7]1.8[184.3]  25.264 32.395  [27.144
Temp+10%| 32.8 [67.7[1.8]184.3] 27.967 35.556  [29.968[ -2.9 | -10.7
Temp-10%|26.8 [67.7|1.8|184.3] 22.586 29.263 [24.343] 2.8 10.3
RH-+10%| 29.8 [74.5[1.81184.3]  26.356 32.501 |27.929] -0.8 -3.0
RH-10%] 29.8 160.9|1.8(184.3| 24.126 32.279 126.324f 0.8 3.0
WS+10%| 29.8 167.7]2.0(184.3]  25.240 32.304  [27.109( 0.0 0.0
WS-10%] 29.8 167.71.6]184.3|  25.292 32.518 |27.188] -0.1 -0.4
SR+10%]| 29.8167.7(1.8202.7|  25.298 32.714  |127.232] -0.1 -0.4
SR-10%| 29.8 [67.7|1.8]165.9] 25.229 32.093 [27.059 0.0 0.0
30 BURE T A SSRGS HERLE)
Temp| RH [WS| SR Wet Bulb Globe WBGT Absolute %error
Temperature | Temperature Error
SHEAIE 30.1 {74.3|12.3]232.3]  26.624 33.332  (28.313
Temp+10%| 33.1|74.3]12.3]1232.3]  29.395 36486 |31.184) 2.9 |-10.2
Temp-10%| 27.1 |74.3(2.31232.3| 23.881 30.192  |25.465) 2.8 9.9
RH+10%| 30.1 [81.7(2.31232.3 27.773 33.430 |29.137| -0.8 -2.8
RH-10%) 30.1 166.9|12.31232.3| 25.424 33.226 |27.452] 0.8 2.8
WS+10%| 30.1 |74.3|12.5]|232.3] 26.605 33.224 |28.278| 0.0 0.0
WS-10%| 30.1|74.312.1(232.3] 26.646 33.435 [28.349] 0.0 0.0
SR+10%) 30.1 |74.312.3(255.5] 26.660 33.699 [28.412] -0.1 -0.4
SR-10%( 30.1 |74.3(2.31209.1| 26.588 32966 [28.215| 0.1 0.4
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et Ry et E NS FRHVE Z 52 —([80] - .(#kEE F#(The Standard Deviation of
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FHELEEE OBGRETRE A T S 2 Bl OBk S B R kY
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7880k BERRHIAE 44~130 [ ~ S8 5 B EAR SHHDIEREE /Y 1.92~4.47 [ - 84
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ol Bk 1 ZhE 2 5HE 3 3 54k 5 Y

BIHOEY By BACOEY BIGSE BIGEE BIACGEE
izt ik (i1 HE (i1 B
(EXE=E) (EEE) [EEE) EE EED (EXE=E)
=)

ZE fr

JEE?E 106/118 105/99.7 104/91.5 1((1)‘3” jlﬂ/i 104/87.5 104/103

% (16.3/14.0) (13.3/11.0) (13.7/12.8) ﬁ') (18.1/10.2)  (15.0/16.8)

5

A=A Ju

Jj ﬁ 82.7/57.5  46.5/75.2 76.1/129 4&'57/;@5 52.3/77.8  59.6/77.8

ool (77.0/72.8) (32.8/68.1) (50.5/97.0) o (37.0/28.1)  (50.4/77.4)

5

YA =

75l 447 /4

8 3.11/3.40  4.38/2.54  2.56/3.70 (3.01/ 4.07/1.92  3.74/2.95

E4E (2.65/2.68) (3.77/2.26) (1.93/2.23) ﬁ) (3.47/1.13)  (3.13/2.38)

Lk

VEEN 2417/2355  2314/2245  2423/2296 2%5@ 2362/2044  2353/2269

FERE  (520/520)  (430/333)  (478/378) i) (484/421)  (480/423)

i‘;g 587/290 692/398 733/173 759/0 718/91 3489/952
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160

TRFEERALTC




% 33 JLUE TERE T YRR

sk MEMRAE | RS ME/IME | % | =
\!Eﬁkk‘ . . . .
ey A7 56.1 24.5 42.6 6.7
AKAA 65 32.4 50.0 9.3
&% 46 29.8 39.9 4.7
Bk 7 | [EZR 41 24.2 343 3.7
K& 53.2 26.4 42.4 7.1
z 45.6 33 38.1 3.8
- 8 ek
S 50.9 31.9 422 5.9
PR 34.5 30.8 32.5 1.9
itk 9 | SRR 43.3 30.4 35.0 3.8
K 50 33.5 37.2 5.0
JE 69.3 30.9 55.4 13.6
BHE 10 | Ay 67.3 33.6 54.8 10.8
= 63.8 31.1 49.9 10.8
=¥ 135400 6 s e ST EE, ~ EIfEsE) - S 8E) & T s
2 BFEEEANT:C
= -
a site6_1_718 TR
5 60 Bl
S — S
o 50 —— Ji3RR
2
o
L 40
13
O
30 1
20 T - .
8ar p 10am noon 2pm 4pm
70 -
site6_2_719
__ 601
QO
Q.
© 50
2
o
2 40
I
0]
= 30
20 T T 1§ T
8am 10am noon 2pm 4pm

83 TAFHREE T ZWIRDRE 5k 6 ()55 — KRBT A 18 H) & (b)F _KEHI(7

H 19 H)
161



Temperature (OC)

Temperature (OC)

Temperature (OC)

Temperature (OC)

70 4

60 -

50

40

30

m— pes
a site7_1_807 g

— W&

KE

20
8am
70 -

60 -

50

40 A

30

20

10am noon 2pm 4pm

b site7_2_808

8am

10am noon 2pm 4pm

84 TAEEREEh SVPRLEE _SHhE 7 ()55 —REME H 7 H) + (bys5 ZREHIE

70 4

60

50 -

40

30 1

H 8 H)

a site8_1_809 s

20
8am
70

(2]
o

a
o

N
o

w
o
L

20

10am noon 2pm 4pm

b site8_2_810

8am

10am noon 2pm 4pm

85 TAEEEH SVIREEE ik 8 (a)s5—REME® H 9 H) + (b)s5 —RENIE

A 10 H)
162



~
o

: — #iR
a site9_1_822 ST

s AR

[}
=}
\
3
§
{
P4
L}

[$)]
o
L

|

Temperature (OC)
3
%

N
o

8am 10am noon 2pm 4pm

~
o
,

b site9_2_823

[$)] (2]
o o
>

Temperature (OC)
ey
o

w
o
L

20 T T T T
8am 10am noon 2pm 4pm

86 TARIRIEHFEYIRDEE Sk 9 ()5 —KEVHI® H 22 H) 5 (b)FE = KEUHIE
H 23 H)

. — JEi#%
a site10_1_903 i

AR

~
o

[«2]
o

Temperature (OC)
N ()]
o o

w
o

N
o

10am noon 2pm 4pm

©
© o
)

3

b site10_2_904

~
o

[e2]
o

S
o

Temperature (OC)
()]
o

w
o

20
8am 10am noon 2pm 4pm

87 TAERREH EVIRERE ik 10 ()55 —REUHO H 3 H) + (b)55 = KEHI©O

A4 H)
163




FNE PANSREREEFIMER S TAREEH TR A
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~ EAH ST

Abtgest 512 WA TCRE bR FREEE K ORIEHIES " Rooti Rx System | »
ORECHES AR T REEBE RS EAERIA 3610 % - ARRTFRECEHA
BB RHEE S ARt BRI R 34 < LBHERY 40 W E SR 200
RAFTHE ~ LR FRARERY 0 BEZ AR 400 ~ (ESHEHTREEERY 0.01 HYER] -
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EHACEAEEYE: BRI -

T 34-(a) PAFbe TR B B A B A M S R A S A T
B PIEEEEE)  EE

FHR(5R) 44.2(12.5) 20~67
BMI(kg/m?) 25.2(3.84) 18.4~40.1
SHENEE 2325(465) 1107~3547
WBGT 32.3(3.74) 19.1~43.8
IDEE(:/”\/%%) 104(15.3) 54.0~148
5 9o
:L\EJEﬁ/\+ 62.4(55.9) 5.00~361
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% 35 JGUEESEBEAA R ST

R Bk 1 Bk 2 Bk 3 Bk 4 Bk 5
(n=541) (n=799) (n=815) (n=700) (n=755)
FEH () 49.7(8.22) 46.0(10.2) 41.7(13.7) 45.5(14.9) 39.9(11.5)
BMI(kg/m?) 25.4(4.30) 25.5(2.77) 24.6(2.50) 23.8(3.48) 26.9(5.07)
SEEERE 2371(519) 2301(371) 2382(466) 2248(471) 2324(496)
WBGT 34.9(3.65) 33.9(3.43) 30.8(2.83) 30.9(3.89) 31.6(3.21)
k(R4 88) 112(15.3)  103(12.7) 100(14.3)  103(13.4) 102(18.2)
5 578 70.4(75.0)  56.5(50.7) 88.4(66.1) 43.7(32.1) 52.3(35.9)
Pk LA
5 578 3.22(2.65) 3.84(3.58) 2.76(2.03) 4.45(3.06) 3.76(3.36)
e SR
PR n(%0)
L=l 320(59.1)  514(64.3)  656(80.5)  700(100)  669(88.6)
4 221(40.9) 285(35.7)  159(19.5) 0(0) 86(11.4)
TAEMRE n(%)
TAE 407(75.2)  712(89.1)  262(32.1) 538(76.9)  505(66.9)
RE 134(24.8)  87(10.9)  553(67.9) 162(23.1)  250(33.1)
TAEAZ n(%)
RTIE
SEET - 154(22.0) -
ERER T 110(13.8) - - 87(11.5)
BT - 87(10.7)  140(20.0) -
T {E
JKEBT 89(10.9) - 174(23.0)
LT - 64(9.1) -
PE7K A2 - - 161(21.3)
i AE T 91(11.2) -
HIE
A T - 322(40.3)  389(47.7) 166(23.7)  164(21.7)
Sl T 541(100)  367(45.9) 159(19.5) 176(25.1) 169(22.4)
TAEXEEI n(%)
i 110(13.8)  87(10.7)  294(42.0)  87(11.5)
rf - - 180(22.1)  64(9.1)  335(44.4)
B 541(100)  689(86.2) 548(67.2) 342(48.9) 333(44.1)
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% 36 G AR
OBk LB EIEEEPRELL WBGT  F#y  BMI JEEIEE

LBk - -0.180 -0.0289 0.182 0.000559 0.0629 0.395
Db LA - - -0.199 0.0222 0.00753 -0.0396 0.143
(=R ES - - - -0.00589 -0.0319 0.0822 -0.0324
WBGT - - - - 0.127 0.0798 0.0942
FHR - - - - - -0.0106 -0.137
BMI - - - - - - -0.00251

B : : : : : : -
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— -~ TeRrESEA SR R4 ESY b
TR B e LB A S L5 P T test (A3 17732 « (5 Students” t-
tests + AMEETT & AR S RSO BS - MRS GRS A - FLEEAN
AEBFHIA » ST 1 2(Type 1 error) - PAIREEA RS B 8 2 160 B » FLA4T
RFEESEAE AR S -+ PRI ARTFIERRAT Weleh's t-test {463 F5M7 7732 - Welch's
trtest HIGEEF 53T R AR BT 15+ RAEEL MR AR A A T L
FEIEERS - Welchs t-test Y T &3t LA 257040 T [83-841:

2 2
_ 51,5242
_ X1—X; \ . n1+n2)
t=—="> @GiEfRdf = =
2 2 2152 2252
S_1_|_S_2 (nl) (nZ)
ny ny ni—-1 np—1

TAERF LR S R A BB L3R 37 45 3REER  DUE 5 8 ko &
TAERPOBMBEE IR BT E R S - HES THE st ERREE R - N TIRRZ 055
THEEHEER - ARSI  INMEZ TIERS S /i P B R SR S HY
IS SRR E I SRR R > TOERFELR SR OB (LR 100 FEE 2R - T
{EIF IR SIS 5 8 QB R B AR 38 > &EREUR > TIEE S 77
HOBEEFCRILRERE(E > REFIGET EE 2R siHATBIEE - SES
fHEgm > (8 101 v]E S TAFE R R LR EE R

180



AR

140

120

100

80

G0

% 37 LAFF B R SR A OBEE( b

T B
(n={2/ijjl) (EEI 1;[:6‘) t.test(p.value)
e/ ME 54 62.2
F1EHUE 737 69.6
F25H/HUE  96.6 88.2
ERIVA: 1 107 97.2
SEIEEL 107 97.5 19.14169
e 15.0 13.8 (<0.001)
BI5EUE 117 107
F90 /o 127 115
FBOSHUE 133 120
B BFMUE 142 132
mAE 149 147
& |
5
[ [
B T i

100 T ERFEAR SRS » Pk 2=
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% 38 LAFELRE OB BRE 2R

TAEF KRB t.test(p.value)
£/IME 5 6
E1HIE 9 9
B 25 HorE 29 29

Hrfir 46 45
SFHEL 61.1  65.0 -1.88
E“E‘%’ 53.8  60.0  (0.0608)

B 75 Hofir¥E 70 73
9OE i 118 149
695 Horfir# 189 211
%99 Horfir#y 278 283

AME 355 361
8 :
=] -]
& g E
B o
B S
2
o=
o B :
p— _?_
1 |
= : :
T T
L= | l
thah Tk

101 PRERFEE TAERE - B8 QP BoRE 2R
PREC#E T/EEL IR SRR R EEL LR B2 B - IR BT R & [ O R (B
KRR BB - 3% 39 BURTIER R B 5 (S EE SR BLEL >
eSS REUR - TEGE 5 RIS HDPRE LB EL IR B  HZEF] Tk
TEZ ST ERIE AR - JEMIATRE TAFRF NN B L - (EAC i B - E(T
s/ S R IHETRIVE L ERE L F 5 IS TR L
L S PR IEAORE o T/EEIR S IRFHY(RAH S EE TR e 102 dUBE B EE

i
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EEHEThEELE

39 (REBHITIER © BISHELLN% R

TfEH REH
(n=2424) (n=1186)
e/ ME 0.350  0.140
B1EOE 0625 0437
F25 HMUIE 1484 148

t.test(p-value)

th i 2.52 2.47
S8 3.72 3.38 3.29
R 3.18 275 (0.00102)

BISHMUE  5.07 4.41
90 5oy 8.07 7.01
FOSHOME  10.1 8.58
F9HUE 144 13.9

RAE 24.7 18.8
& 8
g | ]
’ :
- g
i | |
=L T

102 {f BB T (R0 » 49775 S ISH R L 2 5
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=~ WBGT BE4&#HHFF317

AR LA WBGT 1Y 75 5 o fir 35 & RyBLdE - WBGT Kt 35 DLEFE » ik
= WBGT » 77 » WBGT /N2 35 DU $(E WBGT - % 40 235K WBGT
B0 bR » SR EDR » 5 WBGT B¢ 5 o088 OpkEEL (R WBGT B
T T-fESsT F o 825 #EllE WBGT Rz IS AR s iy E Rl - (It
= WBGT W54 5 4788 0Pk (K WBGT Bk S » Bri =iy S & - WBGT
EREE 5 S8 0 BB 2 B4 - FHIEl 103 231 - (Lo - WBGT E24F 5 47880,
PREERAREBLANFR 41 > SERAEH - LM RS WBGT B 5 g Pl
EL( WBGT BHE(R > ILAERAZEEIGT L 825 gL H AT SRR -
= WBGT BUEK WBGT ML > & 5 7 # ks SR8 B n] fEE 104 HR1gH1 - 3% 42
MU~ WBGT Bl 5 (R YR E LB - 0B » 5 WBGT & 5 73880
PRSI WBGT &5 ANARERSET E 2 EE =R HIELELE R/~ g
RS - [ 105 BURZHIE TS WBGT BUYEK WBGT I » & 5 7 {fAR S SHDR
EEEALIETE -

7% 40 = WBGT B WBGT ka2

{& WBGT 15 WBGT t.test(p-value)

i/ IME 54 62

H1ESE 69.8 74.4
B2SHOME 922 97.0

HRir 8 103 107

P34 103 107 6.34
AR 15.4 14.4 (<0.001)

ETISHOorE 113 116
90 B 124 126

95 HaofirE 130 133
599 Hofir# 140 145
S PUNER 149 149
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LB

5
I I
{EWBGT BWBGT
103 & WBGT E/5 WBGT B > B2 SR
41 = WBGT B WBGT I > 575788 OBl AR L
WBGT & WBGT
{;%:80 4) ](E=28 06) t.test(p-value)

5/ ME 5 5
%1 Hor 9 9.03
B2 EHSME 29 27.8
R i % 46 44.5
eI 63.3 59.3 -1.90
TR 56.9 52.1 (0.0583)
575 B g 71 70.3
F o0 T 133 113
95 HofrE 202 181
99 \Haofu# 283 273
PN =] 361 355
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£t R T

100 150 200 250 300 350

a0

oo

I
|
_

I
{EWBGT

—] }; |nmm—: OO0 Cmmoo (=]

aWBGET

& 104 = WBGT H{& WBGT i » T 4588 0P Earest

7 42 75 WBGT B WBGT I - F 10 B (SRS

fg?n\i\g%f)-r '232/5 0(2;_ t.test(p-value)
=/ IME 0.183 0.140
1 HoMr g 0.564 0.602
525 T 1.49 1.43
E[ﬂﬁ[%ﬁ 2.51 2.48
g 3.60 3.63 0.214
@E?é 3.05 3.06 (0.830)
EI5 THourE 4.81 5.00
%90 Horfr# 7.65 7.67
595 HONEL  9.60 10.1
599 HorirEr 143 14.1
aﬁjﬁﬁ 24.7 21.6
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{EWBGT BWBGT
105 % WBGT B/ WBGT 5 + 15775 S {EAERIEL IR (1

/g~ WBGT B4R Bilf4 S8R B TIERIRR 2 70

% 43 BERIS - o~ BT /ERUAEEE WBGT B1E  ShO B Ly e » BT 1
7 % > 155 WBGT B 5 088 bk (& WBGT BrgE - HiE T-REstst &
AR {ElllE WBGT M2l E AR s H RN - it WBGT 4 5 5y
S OBHEE M WBGT © fhoh » fE TAESEE TR |IE | > WBGT Si{EEh bk
S B Rt F RS R HENTTRE R B TR EIu LS BB B B R & - (515
B bR N A SR - B 106 BEUTES « o S T{FAIAEEL WBGT &K -
LB (LR -
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Aok

43 ¥~ o~ EHET{ERIRREL WBGT & > B OBEEEAVRE (R

T AE  TAE EEmR (S

(& WBGT 1= WBGT {& WBGT = WBGT {& WBGT 1= WBGT
(n=489) (n=89) (n=526) (n=53) (n=1791) (n=662)

2N EN 74.4 79.6 72 71.6 54 62

E1ESUE 76.0 80.3 73.5 71.912 68.0 75.4
H25 HOoMrE 958 92.4 91.8 92 91.7 98.3
ERIVA 1 107 105 99.8 98.2 102 107
ReAESE 106.9 104 102 103 102 107
BISHSUE 117 113 112 118 112 116
H90 HofrE 129 119 125 126 122 126
oS H{oME 134 126 129 127 129 133
5599 FHAMIIEL 140 137 134 133 142 145
RAE 147 137 138 134 149 149
AR 15.4 13.6 14.6 15.9 15.5 14.3
t-test(p-value) 1.80(0.0746) -0.328(0.744) -7.80(<0.001)

{&WBGTI_ﬁlf'ﬁ ETWBG‘:’@IHE f&WBGTI_q:I{’ﬁ EWEIG':’—EFIf'E f&'.'\.rElcTI BTk EWBG':’-EIHE

106 #% ~ of ~ B T{EAUREEE WBGT &K > BLOBEE(EIIRIR
¢~ o~ ET{ERIRREL WBGT S - $LOBEFERAY BN R 44 th 23
ET{EZME S WBGT K1 Qb SREHE WBGT B - HZEE T-fz
TEET ERAE AR - (E RS A LS R B EE R S AR - DRG] DAHEN
= WBGT I 2B A Rs R R RN B2 1003 Qb LR ERE TR (& -
BEAh > A2 TAEBE T2 M oh - WBGT & {EEh LB BRI B A Rt
EREREGEE > N TR B T /RS ) B aGRE &t EARIREAANE] - HE
OREEMEMIHZ SR > 5 WBGT B WBGT EZi ih 8 T F R LBk R 1R (%

AIfEE 107 fUEIE R AR -
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(bR

7 44 75 WBGT B WBGT i » 88 B T {F 8L () ks SR BR A

BT AE b TAE ETE
(& WBGT = WBGT {% WBGT & WBGT {% WBGT 1= WBGT
(n=489) (n=89) (n=526) (n=53) (n=1791) (n=662)

E%/J\{E 5 11 9 12 6 5
Horfirs 7 16.3 11 14.1 9 9
25 HarE 24 32 28.3 27 32 27
EPTYZ%& 36 45 45 45 49 44
%ﬁ%ﬁ 48.6 473 53.5 57.9 70.2 61.0
FEISHTMUE 54 60 62 71 82 72
90 s 83.2 74.4 86.5 108 155 123
595 EAMIEL 149 84.6 139 131 219 199
99 HoNEr 247 87.8 235 211 301 281
H‘jﬂﬁ 341 101 334 219 361 355
A 46.7 20.1 41.5 43.7 62.0 55.5
t-test(p-value) 0.427(0.670) -0.703(0.485) 3.54(<0.001)
- :
g 0 g
§ T -] 5 §
2 g
- : E
g i
1 ! T =
. a4 . * |
= | : ] . |
{&WBG;_@I{’E EWBG;'@IPE f&‘.’\fBG';_"FIf’E E‘.’\fBG"F—qJIf’E 1’;Fc‘.'\.'EIGTI _ETE EWEIG‘Ir—EIf‘E

107 15 WBGT B WBGT B > #€rp B T {F B pE S RV R

45 2 ~ o~ ET{ERIRREL WBGT &K - $HEIHSHAPRIEH 2
GESRH - aRES - PEE TIEH 0 £ WBGT SEMRAVEIL T - BUEAHSHDIZ
EERVE LB B R EGET ERIE SR - B b (RIS IR Ry BT A Bt
BRI ZHENRFTEIRE T (SR —EERESE
BEHER - TAEPHYZ RGN — B R HUTEIRE T~ 22 WBGT &SRy 2

BERERN (BSHSHDPREE T (8] 108 i[5 232 M R i & WBGT B WBGT
Ry - BE o B TR BMESH S SRDDREE Z FRIEVAYRE (% -

189



45 15 WBGT B WBGT i » #€1 8 T{FEE{RSH S AT EE AR (%

BETAE RS EEmN (S

& WBGT = WBGT {& WBGT = WBGT {& WBGT 15 WBGT
(n=489) (n=89) (n=526) (n=53) (n=1791) (n=662)
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localid: "15212",

sensorType: "bluetooth",

sensorId: "00:a0:50:42:5a:69",

installationId: "b2f92e0f-5acl-426c-877b-al67ef9efef8-1514950896271",
nickname: "Plashsinica",

trackingId: "f58f8eef-b091-4ad9-bc33-ccldid2e6e55c-1531985452135",
wind: 3,

temperature: 36.83,

humidity: 48.19,

pressure: 100223.1,

uvIndex: 0,

orientation: 96.33300018310547,

accuracy: 10,

altitude: -14.737951798857246,

speed: 0,

measuredAt: "2018-07-19T08:43:50.5952",

measuredAtOffset: 28800000,

preferredSpeedUnit: "mps",
preferredTemperatureUnit: "c",
preferredPressureUnit: "hpa",
preferredAltitudeUnit: "m",

shared: true,

activityCategory: "Sports",

activityName: "Archery",

createdAt: "2018-07-19T08:43:56.143Z",

id: "300ded8d-172e-4467-8a83-b77a82c0b4bb",
longitude: 121.55647311,

latitude: 25.0019338
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