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Abstract

In recent years, science and technology are changing with each passing day. The
number and types of chemicals used in various industries have increased dramatically. In the
labor environment, a wide selection of chemical hazards are encountered. In order to detect
the chemical exposure hazards in the workplace and to immediately grasp the exposure, this
study uses the smart sensing device to obtain the instantaneous exposure concentration of the
chemical substances in the factory or on-site workers, and network technology is used to
collect the monitoring data.  In addition, the data can be directly uploaded to the cloud by
the portable or fixed-point sensing device for the subsequent calculation and analysis of huge
amount of data.

This research mainly completes four implementation aspects of gas sensing module
and system specification optimization, actual field verification, market benefit promotion,
and regulatory research evaluation. The results include: (1) Sensor optimization adjustment
to reduce the physical properties of sensing compounds of similar interference, (2) The
sensing device is sent to the certification center of the explosion-proof specification for
certification to meet the field requirements, (3) Monitoring information-specific APP is
designed at the same time, and the gas exposure state and risk level can be known at any
time, and providing emergency alerting messages, (4) Completing the design of the back-end
monitoring platform of the gas smart sensing system, and complete the security testing, data
storage and query functions and manuals. Workers or management personnel can view
hazardous gas and actual data records and inquiries on the platform with historical data and
warning notices, (5) Completion of the sensing device for actual field verification in five
different fields, and product benefit analysis based on field verification results, (6)
Promotion of domestic workplace hazardous material intelligence monitoring technology.
This study has conducted 2 sessions of education training and 2 sessions of technical
promotion briefings to enhance the workplace hazard training of talents related to smart
monitoring technology and the use of technology.

Finally, the research also emphasizes different regulatory levels, the difficulty and
effectiveness of field monitoring, the representativeness of monitoring, the monitoring cost
analysis and administrative measures, while emphasizing the advantages of the smart sensing

device and system developed in this research. In addition, this study also analyzes the cost of



technology development. In the future, through patent application and technology transfer,
the research results will be applied to the monitoring of hazardous substances in the
operating environment and the prevention of accidents and promote the domestic use of
smart technology for workplace safety and health management. It will help improve the
efficiency and effectiveness of the exposure of the institutions of workplace chemical
hazards and the development of protective strategies, achieve the vision of establishing a

smart and safe workplace, and effectively reducing the incidence of occupational injuries.

Keywords: Sensor, Occupational Hazard Pollutants, Smart Monitor System, and Internet of
Things (IoT)
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EN 61779-5 | Part 5: Performance requirements for group II apparatus indicating
a volume fraction up to 100% gas [28]
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IEC 61508-3 | Functional safety of electrical/electronic/programmable electronic

safety related systems —Part 3: Software requirements [30]
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b HIEA R FEAR R CRIZEVR) 4 ¢ 60 % RH £ 8 %RH

c. HIEA R FE A SR (Clo) R E #EE f5: 0.25 ppm ~ 1.5 ppm>
FTHIEL 0.25 ppm {E Ry FEHE IR #EF A

d. FZEAEH PN > MHUER 6 /N

e. 2 ISR EAE R AEA F &R (CLRE M A E TR -
HEAGE R BhHEE 0.00~0.03(fm 7= 0.43 %) - HIEVHHERE
Sb > HENCHEAEUR(CL)REZFREE N - S EATRIES
PI(TVOCS) EHITT IR IEARZ 1
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sore TVOGRAITHZEETEZER

0.25 PPM 0US0 FPRA 0.75 PFFM 11.04) FP I 1.25 FFEA 1.50 FFM

4 YA ESPI(TVOCS) FUHITIT 2 &SR (Cla) THEMEAET R

() SRR ME AT E S I(TVOCS) T + MS 1100

LIEGHTCAR M R NE -
GHEZEME A ESYIECIIES MS 1100 FZH M LA ES G %Y
(TVOCs) G » &k EAG AR RO 5 A i~ BUSrEIH R ay

BRUENIRRENE - se%g (M 0.1ppm LIEHYRAS -
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7 2 MS 1100 AT R AN

HNBL

JRIBRIER
MS1100 VOC-SEN-02, 10.04.23
0.60 A i il
055 = Formaldehyde
om0 LY e Benzene
= »+  Toluene
(1]
o 045
14
T 040
>
s 035 ‘\
CE; 0.30
E 025
2 o T, : "
ik}
w 015 - ‘\
0.10
1 10 100
Concentration, ppm
i HkS
SNEIRSF ¢ 8.1x8.1x12.2 (mm) TA{FERE : 5.0V
HiE 30 TAEEER © 200 mA ;
ORI - EEAREE - TAEEE :-10~50 C
TAERE  5-90 % RH ;
AR - >3 4

2 L E R AL EYI(TVOCS) TR IR
1) (EHIEHRR
A RIERIE IR EE 0 25°C £0.17C
B. SR FEAG R EHIE © 60 % RH £ 0.5 %RH ;
C. M RASRE 1.0 ppm(P)3 » 5 ] 7i(Isobutylene) ;
D. &€ thermal 1461 JREHCEZE » ERFHAEL P1 ~ P3 WiE6RE

TEIR R A
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E. REEAEFPHNGL - GEER 2 /N -

% 3 WHEEEARYI(TVOCS) AT MDL HIEASE R

HEEABR #HEZFERY(TVOCS) (1.00 ppm)
1 1.2
2 1.1
3 1.2
4 1.2
) 1.2
6 1.2
7 1.2
44 {8 1.2
S.T.D. 0.03
M.D.L. 0.09
Reliable D.T. 0.3

(2) REGM
A. A ZEEAEREHE S © 25C £ 0.17C

B. MG\ FREEAREHEIE 60 % RH + 0.5 %RH ;

O

HAEARAGRE © 0~ 2.5 ppm (P.1~P.6) » 5T fi(Isobutylene) ;

D. 8%E thermal 146i JREFCER @ EFRFBARL P.1~P.6 REDRE
HERE

E. ZEAEZEPAMES - HERERE 12 /N

F. DR EEEEE 12 o

G. NEEERELEEEE(PL ~ P6) » 5 R* {55 0.9813 -
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TVOCs Count

2.5 ppm

2.0 ppm
1.5 ppm

1.0 ppm
0.5 ppm

0.0 ppm

5 4L & YI(TVOCS) BLHITE AR MEAl s M S5 BI(BL 1 Count)
% 4 YL EYITVOC) AT 4RI RIS B (8 (Count)

TVOCs Count Value(ppm)
P.01 1288 0.00
P.02 1533 0.50
P.03 1821 1.00
P.04 2046 1.50
P.05 2206 2.00
P.06 2339 250

TVOCs st Y = 0.0023x - 3.0392
TR R2=0.9813

ppm

1200 1400 1600 1800 2000 2200 2400

Count
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6 Sk A (LEVI(TVOCS) BT AR MEMEEEF

(3) Hi

A

B.

M= Fafen & fy © 25C £0.1TC
At Fafg RS HiE © 60 % RH + 0.5 %RH ;

AL A B &R ¢ 1.0 ppm (P.3) » T )% (Isobutylene) ;

. B JE thermal 1461 JEEECEREF > 4 1.0 ppm fEAEREEH

LIsERE

BT » B 1N

HAEGERTT SN 10% -

= 5 YEREILEVITVOCS) BT AE #

WBHE |TVOCs (1.00 ppm) di
1 1.10 0.10
2 1.00 0.00
3 1.00 0.00
4 1.00 0.00
5 1.10 0.10
6 1.10 0.10
7 1.10 0.10
Precision(%) 5.8 %
(4) HEERE
A I REEEREHEIE S 0 256C £0.1C
B. Ml zFEfe R EHIE * 60 % RH + 0.5 %RH ;
C. HEFEEE 1.0 ppm (P.3) » £ T f#(Isobutylene) ;
D. 8%E thermal 146i BETCERRF » A4 1.0 ppm fEZAEE R A
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DUERE
E. ZEMRERAMG > MHUERE 2 /1N

F. SFERE(RSD%) = 5.10% -

% 6 WL EYI(TVOCS) HUHITE -4 HERE I

ERE TVOCs (1.00 ppm)
1 1.10
2 1.00
3 1.00
4 1.00
5 1.10
6 1.10
7 1.10
FHE 1.06
S.T.D. 0.05
RSD (%) 5.1%

(=) gaE S VA L& YI(TVOCS) T4 + SGX Sensortech MiCS-VZ-89TE

L RCRT AR R A NE
SGX Sensortech MiCS-VZ-89 FUHIE RG4S T MOS JF Y EHI 28 i
FRERCAE UL - m] R AR Nz ] h SR 4% A 1Y) (TVOCs) i
S BT Sk LR A S A ) (TVOCs) RS B Hl - HE
R e L ] R P2 e e
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2% 7 SGX Sensortech MiCS-VZ-89TE B HITT {4454 Ky 4 ME

HNBL

i ey

tVOC (isobutylene equiv)

1000

200

‘é 600
8 o
200 -
5 10 15 20 25 30 as a0 a5
PWM_out (%)
i R
MBI RS © 14x22.9x1.6  (mm) TAEERE : 5.0V
HiE 39 TAEFER © 200 mA ;
IO © EE(REE - T/EEE :0~507C ;
TAERE : 0-95%RH ;
SEHEER - >2 4

2 4E S M LAY (TVOCS) T HI,
(1) s
A. A BEEEEE | 25C £0.0C ;
B. LA FEAERIEHIE ¢ 60 % RH + 0.5 %RH ;

C. N RAEEE : 0~2.5ppm (P.1~P.6) - E T f#&(Isobutylene) ;
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D. 57 thermal 1461 JRERCERZF - EHFHHRL P.1~P.6 N[EREE
HERE

E. ZEAAZEANG > HIEUER 6 /NG

F. JHIERSEIE IR count ([ERTEE » BRI RHE(EA

G. MR #ZEAE 7 Fror - K count {f 2FAERLIGE - &7
ZFOATC A R B A

1 : s : nm

7 Hahi S L EYI(TVOCS) EUHITT AR & 4r a2 B (B (7. Count)

3 AR AL EP)(TVOCS) BUHT AR ELEL

A B 3¢ 4% & Alphasense ~ MS1100 #1 SGX Sensortech

MICS-VZ-89TE —=AEECHITATTIFMEREELEAT MR » BURGRME ~ &

FEE ~ WEHERE - MS1100 {ERCAERE - R BABS: S (AR EREMR

RN R LB RE AR L EY)(TVOCS) R IE A A28 {2

LB R =R AR EY(TVOCS) BUHITT AR R IR A2k

AJ R B R IS P I 2 B A [F A5k 2~ S A IR E & 9)(TVOCs)
RCATAAVER] - BRI RIS E(EZ HAY -
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7 8 #nRE(LEYI(TVOCs) Alphasense ~ MS1100 £ SGX Sensortech

MiCS-VZ-89TE AT 1EAELEER

Sensor | HIE\IE Alphasense MS 1100 SGX
H Sensortech
MiCS-VZ-89TE
N A 7.62 14.00
8.10
(mm)
2 FERS RS (S) 90 <10 -
" 2 0.9998 -
e (R) 0.9813
KR (%) -13 5.8 -
AEEE (%) 14 5.1 ]
BE (NT) 18,500 1,800 -

() FENER(IPA) T -

LIEGHTCAR M R NE

(1) Alphasense 4-Electrode gas Sensors ECHITTH: » fAEE(LEZE
EMESRAEECHITTE - NEEEHIES 2 aE s
A BN RE RO 2 T TR B EE - 12

Alphasense 4-Electrode gas Sensors [ HITT 4

i l]
el

=i

Gl

A A
= BCHIES A 58

ot
iy

MR et > ARl EER th AR -

(2) EoTPRRCHIEE AR R - SR TR AT SR TR S a5 U
MR - R R TR R Rt BEsk s MCU 1 - T{RIR 2R
FEAERMEZ RHIEEE - DUSE S BOHEs Z BOHIERtE: - [FIHF rT{ERE
1EHEE R
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Z 9 Alphasense 4-Electrode gas Sensors EHITT A4 K 4 NE

HNBL

ps .
- Sersng ored
Do ret chscue

ocabon oin

Al dimensions in milimetres (2 3.1mm

Top View Bottom View

=17 0 BCD

W32 3 inchodng ‘abel
-

CHI(' INE
2-B° 1231%%

IIIIIIJIIIIII | s

!
)
ﬂ*}

Side View %22 _|

i ey

% Qutput (referenced to 20°C)

an 2n in L] 1

L] ] an G

Termperature {(°C)

Rk

Ritg

SNBIRST © 32x32x16.5 (mm)
EHe 139

BRI © BfLE2 -

HTERPEIN o PR ER R ]

TR -
TAER
AR -
AR
AR

50V

200 mA ;
-30~50 C
15-90 % RH ;
>2 &£

2. FAEE(IPA)TTAHIE
(1) T

A CBEREETHE

A A RENEREEE &

b HIEA T AR R a R R
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60 % RH = 0.5 %RH ;

10°C~407C » 73 HIEA 5 CIE Ryt e




SRR RE A T

CHIEVRASRE 0.0 ppm ;

d.ZFEREHEAMNG > NEERE 6 /N

e M 45 R SN BE (IPA) & DG B #i BI45 £ 49k 04 ~ 17
ppm(ff 7= 0.65 %) 5 275 il i il > A v {5 48 {EUHI R PR
(Reliable D.T. 3.49 ppm) o FHAZARIFSE - R oA EI 2B
(IPA) EHIE Bl 275 8 HIEEAEMERR 22 400 ppm » HEEHRS
HIER HE IR EEEY) (VOCs » $EE A 1Y) Bk~ 44
IR EAE&YI(TVOCS) ~ 2 (Benzene) s 5 7T (4 o4 M &6 E
(EHIEE) B/ N2 10 ppm = AR HOR RN EZ(IPA) AT EDHIE]
[ [E Bt —OF (L Sensor ZHSREBURLE 5 DL —MEE IR 2= [
ZEERR T IETRE SRS 20C~35CACE » MK
BREEGERAIE 0.6 ~ 1.1 ppm(fmz= 0.25 %) - FHEHHIELE
e EE 8 Fs -

IPARCRI T =2im E 1B 2 &R

8 HARF(IPA)ECHI T2 m TG R
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B. RE T
a A SZERAE K 1 25T

b SE S FE AR HEE Ry - 50%~90%RH > 73l 10%1E B
RATERE NORE RS A TG,

CHIEVRASRE 0.0 ppm ;
d.ZEAEFLAME - HEERE 5 /K S

e SIS LB BURI BRI 0.6 ~ 1.1 ppm(f3£ 0.25 %)
AR Sl 2 SR BB 9 FT: -

IPARCHI TR = RETEZER

9 FEAEE(IPA) BT8R E TSR
H T 47 (Isobutylene) &
a HE AR R E#E S - 25C £0.1C
b HIE A FEAR R #IE 60 % RH £ 0.5 %RH ;

coHIE SR EEAR £ T 1% (Isobutylene) T-HE & REH6E & © 0.50 ppm
~3.0 ppm > /\/E]IJLJ\ 0.50 ppm ’ﬂz/t'jm;r—jnb[w%r—‘ fﬁﬂgﬂ :

d. R FEREHEAMG > EERE 6 /N
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e s IR SN IR (IPA) & IS Eh#t Bl 45 R4y 0.8 ~ 1.8
ppm(fiwz= 0.50 %) - MHENEEE & 5=ENiE 10 For -

IPARLRITT A4S TVOCs FIBZ 45 5%

0509PM [11.00FPM []150PPM [4200PPM [] 250 PPN [] 3.00 PPM
10 EAEE(IPA)ECAT T Z 48k S LEP)(TVOCS) HEHIE S
D. ZX(Benzene) &
a HE RN R S HIE S 0 25C £0.17C
b AR EE AR RS #i[E 60 % RH £ 0.5 %RH ;

C.OHIER S R AR 2 (Benzene) T-HE A RE &I & © 0.50 ppm ~ 10

ppm > RIS AL A TG
d. FZEAEH PN > MHUER 5 /N

e HIF &5 R BN ER (IPA) R Ehai[E &y & 0.00 ~ 0.20
ppm(ff7E 0.10 %) - HEUHHEFRREZ1E - MHELHE RIS 254

[ 4T 11 B
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S IPABLHI CEE S ETIEZGR

250
2.00
150
110
50
0

[ , 0.50 PPM 1.0MPPM 250 FEm 5.0 PP 100 PP

11 PR (IPA)ECHITT 427 (Benzene) THENEAGE R

E. &5R(Cl)THE

Q. HEAFR AR E CRIZER)FEE y © 287C £4.0C

b G R FEAE R CRIZEIF)EEE ¢ 60 % RH £ 8 %RH

c. HIEAFFE A SR (Clo) R E #EE f5: 0.25 ppm ~ 1.5 ppm>

T HIEL 0.25 ppm {E Ry R s s R r Tl

d. FZEARE PN, > HUER 6 /N

e.2H A FEAR IR MEA A S0R (CLY R I M A T TORA% -
AEAGE R B EE YRy 0.8 ~ 1.2 HECHIERE S b(iRE
0.20 %) > HEHBHIER S A (CL)EERE A - BANEEIPA)EH

TLIFIERZ T -
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v

IPAECRI D= RA TE 265

0,50 FPM 100 Firi 1.50 FF# 12.00 FPM 2.50 FPM 1.00 PPRA

12 EREE(IPA)ECHITT A2 &R (Cl) RS R
(1) 7 (Benzene) {4 : Alphasense ETO-B1 Sensors

1.7%(Benzene) LA MG
(1) TEE

A CRIETE

aHE S EEREEE R - 60% RH + 0.5 %RH
bR RN RS &E fy 0 200C~35C » 43 HILL 5SCHE R BE

S ORB AT TG,

. HIEARAZRE © 0.0 ppm

dRFERE - MR 6 /1 ;

e HIEA4&E AT (Benzene) &N Eh#E[E-0.11 ~ 1.21 ppm(fmz=

26.52 %) > FHRBHAIGARE 2288 20E 13 A -
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4D

13 ZE(Benzene) EHI T2 00 & HEMIEEE R

B. B TE
a A FZEARE R - 256C £0.1C ¢

b SR Fa iR S EE Fy - 40%~70%RH > 5375 LL 10%(F fy ik

RERIBE AT, 5
CI B £ 0.0 ppm
A EEAATARIS - AR 5 /NG ;

e HE A SRR E B Y B#iE -0.11 ~ 0.45 ppm(fmz= 11.31

%) -

AR RETEZGR

o ——

(hE ]

050
Al
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& 14 Z=(Benzene)BHITTIT 254 T HEMEAGE R

[

C. &R (Cl) T

a. HE R BRI E CRIZM)EEEL R © 28°C £4.0C ¢

b HIE RGBS CRIZR)#iE - 60 % RH £ 8 %RH

c. s FFa e SR (Clo) TR #u[E] /1 0.25 ppm ~ 5.0 ppm>

Ry RGN e TG,

d. & FEREHEAMNG > EERE 6 /N

e. 25 ISR B RERLNEA B &R (Clo) R T i A A TR A%
SR et SRRy Sy i ] -0.22~-0.05 ({2 3.48 %) » HARREMIEHL
i SR E AR R A B & SR B A 15 Ao -

ERATHEZRETEZGR

L

O 0.25 PP .50 PPM 1100 PP . O} PP

15 Z(Benzene) BCHITC 12 &SA(Cly) TGRS
() BHA(CI2) T4 © Alphasense Chlorine Sensors EHI 7T

LEGR(Cl) T
HNERMEAETKRF - LTSS & (Haich) G 752
farf o EEfTRRE S - SEARRBEREIEROR RURZER] - LR
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] (R A ) R @ PA NG R Fa g T A 1T S I -
(1) FEE

A CEETHE

a. HEA R EERER LR E £ © 60 % RH £ 0.5 %RH ;

b G EE B E #EE &y + 10C~40°C > 435I EA SCIE Ryl E

B NS AT 3

c.HIEVRASERE © 0 ppm ;

d. ZEARH PN, > MHUER 6 /N

e M S &5 R &R (Cl) 2 AR B & [E 45 2R &y & 0.10~0.09
ppm(ffzE 7.51 %)  AHATHAIETAL A (EFE IR (Reliable
D.T. 0.10 ppm) * K AHFEA & F R (Cl) T2 5 & Hil 4
(0.5 ppm) - MDL Z/PFEARFL 0.2 ppm » LA — /5 R 2=
ZRERE T » IREDRELIRR 20C~35C2E » B
B EE R AN/ 2 —0.10~0.06 ppm(fF7E 6.37 %) - HHE

MR 2 5= B 200E] 16 Ak -

SRR THZRETEZER

16 EUR(Cl) R T2 m TSR
131



B. JBE T8

A MEAFREARE R - 256C £0.1C ¢

b HE R FENE R E & 5 © 50%~90%RH » 53 HILL 10%/(E &
TR RIS A TR

c.HIERASERE © 0 ppm ;

d. 2B P, - HEERE 5 /NS

e. MIE &5 SR m B MY Eh#i [ &Y &y -0.01~0.05 ppm(ff 2=
2.28 %) - MHEAHIEEIE S 5aEAE 17 s -

=
(B |

SRR THR

}'Hl

TEZER

fﬂ].

17 FOR(ClL) BTS2 R TGS R

C. &E T % (Isobutylene) &

a R R EEE fy 0 25°C £ 0.1

b = Fafig /R & - 60 % RH £ 0.5 %RH

CHlEFAEERE S | M(Isobutylene) T-HE R E#iE fy © 0.50 ppm
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~3.0 ppm > 435 LL 0.50 ppm {E BB e s e T HIES
d. 2B ZEAE - HEERZ 6 /NS

e MEAS R (CL)ILRE LB TERI 5 0.01 - 0.04 ppm(f22
1.14%) » FLRVHIEASE 2L » AHBA S SR EE 18

p

] 0,50 PRI 1.00 PP# 1.50PPM | 1200 FPM 250 PPM .00 PRI
18 FR(CL) EHITTAF3Z 2 T M(Isobutylene)F-HEHIE 45 SR
D. EAEE(IPA) T
a BN RS EE Sy 0 25°C £ 0.1°C
b HE =B RE#IE 60 % RH £ 0.5 %RH ;

c R FEAE RN EF (IPA) TR LI & - 20 ppm ~ 100

ppm > 5351 LL 20 ppm {F Ry i s e e Tl
d. FZEAEH P > HUER 5 /N
e e EE R E A (CL) IR Bh#i [E 4 f5-0.07 ~ -0.05 ppm({s

7= 0.68 %) - HECHI{ERRE L - MHEINEER 22=E10E

19 AR
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el
I
L
ot
i

FRECH T ZIPATIEZE

0.08

4110
] 20 PP8A 301 PF I &0 PP EL PR VL) FFA

19 FR(CL)BHITT2 AR (IPA)HEAEG R
E. ZX(Benzene) &
a MR R EfE - 25C £ 0.1°C
b HIEXFEEAR R #EE - 60 % RH £ 0.5 %RH ;

c. HE R EEAE 7S (Benzene) TR E &EE &y © 0.50 ppm ~ 2.5

ppm > 53 L 0.50 ppm ' Sy RS S8 NI R HE A TG, -
d.ZEEREHELAME > HEERE 5 /NKF

e HIEAEE R E R (Clo) FR Y B #u[E 4 £5-0.01 ~ 0.00 ppm(fm
7= 0.46 %) - HECHIMERREZAL - MHEIHEEIE S 5= (= A lE

20 A7 -
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[ 0.50FPM 1.00 FPrm 1.5 FEM 2.00 FPRA }.50 PPRA

20 FR(CL)EHITAF~Z 4 (Benzene) 1B HIE 45 5
() E5(02) T4 « Alphasense Oxygen Sensors [ HITT4:

LIECATT AR S A NER
Alphasense Oxygen Sensors EHITCH: > By = Bk 22 EHI2S

ECHIEAE Ry 0-30% VOL » Bz FEFIEEESE ~ ssscE ~ Aodi{bLT
BRES S TN R RE RS - oTEA - Alphasense JBHITT
e H 2 FFEDL B - AT1A-30 % 50 f& R LfF - Alphasense 2 5
HE BRI T (R R BB RS A A N EIRY ST EE R E - &SERIR O
AR R E o BORIEE B - AR TAE AT R B RS eR R B
TS AR - R TR RIS MCU Y - I{REIR 2 R
TEARME > BUHIEGE - DU & EORIES 2 RCHIARME - [FI0 rIERCIE B )
R
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%% 10 Alphasense Oxygen Sensors I TR K 7 MNER

HNBL

am
13.5 PCO—~

Autimence

OXYGEN g
LF02-A4 mj -

T

Sonsng o 0.7 rocess
L P Do nof obacere L Py | ghs
- :
‘ )
Al dimensions in milimetres (= 0 15mm) b
'
Top View Bottom View Side View
BRI
o
20 100 % M,
T, |
=
=
T &0
T
5
LE .
100 205 % Oy 20.9 % 0,
120 4 . - - -
] 200 400 oo0 BOO 1000
Time (s5)
120
00 ..--"‘.’.J.I
-8 /‘//
E’ &0
o y w430 63y - 586
5 R = 02090
O b /
=20 /
1] T T T T
a 0.0 oA o.4% o2 0.25

Ln(11{1-C})) with C the concentration (%0,)

L vy

HMEIRIST © 32x32¢16.5  (mm)
EHe 160
FORIEEE © EALER -

TAFER
TR
TR

TAFEEE -

50V

200 mA ;
-30~50C ;
5-95% RH ;

SPAG(E IR 1 > 2 4F ;
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VAND:Erve s

1Z B 2 EEE B n RE SR 2 A © a)BE R SR B (Thermal
146i) » ZHALEMEE< 3% 5 b.)FEEABCRTZE ~ JRTE) Z 240 2ENE
fE<1% o

2. ZSREFEFCK > iBIT Sensor EHIERE

R 11 FHT AR ST A R e g

w PN
i &%Emi’ft:{ 2EE % £.5
(IPA) (Benzene) (Cly)
(TVOCs)
TWA 400 ppm 1 ppm 0.5 ppm
(8 /NEs H B & 459 N (983 (3.2 mg/m3) | (1.5 mg/m3)
BEFRE) mg/m3)
STEL 0.56 ppm

- N 1.287
(EFRHFEFPHA 500 ppm 2 ppm 1 ppm
) moms

(2% 1{H)

CEILING -- -- -- 0.5 ppm
(=BT RE)
Method D.L.

- ava
i : EEE Egi ;;)f féf) 0.25 ppm 40.0 ppm 0.40 ppm 0.20 ppm
(A 75 & 4Y #L #0)
Met\hod DL 0.03 ppm 1.05 ppm 0.03 ppm 0.02 ppm
(7 7 A A s R )
Reliable D.L. 0.11 ppm 3.49 ppm 0.11 ppm 0.10 ppm
(5 & (= 80 Az R )

o ) R?=0.9910 ) R?=0.9964
Lineality R“=0.9998 0.0~100 R“=0.9988 0.0~1.25
OF% 15 43 1 R o (&) 0.0~2.5 ppm 0.0~2.5 ppm

ppm ppm
Precision (%) -1.29 % 6.33 % 2.29 % -4.57 %
(fF % %)
RSD (%) 1.4 % 1.17 % 9.29 % 1.02 %
(A= W)
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BRALE

HE . ZEWNE E:S #R
(IPA) (Benzene) (Cly)
(TVOCs)
Too = 129 SEC Too = 77 SEC
Response (Sec.) Tgo = 10 SEC (0.0-20.0 Too = 14 SEC (0.0-0.50
(K FEM:, TO0 JRE F] | (0.0-2.0 ppm) ppm) (0.0-1.0 ppm) ppm)
i B R S iE B0 Too =37 SEC | Tgo = 177 SEC | Tgp = 253 SEC | Tgo = 79 SEC
) (2.0-0.0 ppm) (20.0-0.0 (1.0-0.0 ppm) (0.50-0.0
ppm) ppm)
TEMP Interference
Range : 20C~35C -0.06~0.11 -0.6~1.1 -0.11~1.21 -0.10~0.06
Drift (%) ppm ppm ppm ppm
(—REEBAHRE | (3.48 %) (0.25%) | (26.52%) | (6.37 %)
{72 1 1%)
TEMP Interference | o 11 016 | -0.4-1.7 -0.10~0.09
Range : 10C~40C
Drift (%) (5 pzpzm%) 0 I06|D5m%) 7 psplm%)
i 5 A 72 + 18 ' ' '
HUM Interference -0.02~0.07 0.6~1.1 -0.11~0.45 -0.01~0.05
Range : 50%~90%
brift (%) (1p$$/o) 0 Isz5m%) (11|D?|[:;n %) (2p2p8m%)
(& JE 7= 1 #8) ' ' ' '
Isobutylene
Interference 0.8~1.8 0.0~0.46 0.01~0.04
Range : 0.5~3.0 ppm -- ppm ppm ppm
Drift (%) (0.5 %) (9.26 %) (1.14 %)
(T MR Z=T18)
IPA Interference
Range : 20.0~100.0 -0.07~-0.05
ppm -- -- -- ppm
Drift (%) (1.25 %)
(RN R 2= T18)
Benzene Interference 0.85~2.74 0.0~0.2 0.00~0.03
Range : 0.5~2.5 ppm n opm B opm
Drift (%) (37pgz %) | (0.10 %) (0.43 %)
CEfm 2= T18) ' ' '
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RS =y -
e i S O REE % &
(IPA) (Benzene) (Cly)
(TVOCs)

Cl, Interference
Range : 0.25~1.25 0.0~0.03 0.8~1.2 -0.22~0.05
ppm ppm ppm ppm --
Drift (%) (0.43 %) (0.20 %) (3.48 %)
(RR = T#)

—_—

» BRI T B R B PERR T A

ATl 2 jCHIES =T {5 A S A 5% .~ Toxic Sensor Evaluation Board
AT E PR T A A OB B LA EE - DR REGHH E &Y EAH T
18 > RS BEBUE RBEE o &EHE 2 BTSSR B Y
ECHERST B ROR - FUB(EERE D ERA T

(—) 2% EfRELA A (initial measuring concentration, IMC) ;

O)EBEZREANRBEB R EREE 300~500 sccm » ifi B+ Toxic Sensor
Evaluation Board 2 E R E&E &0V

(Z) B EAERGE . (for UMTOX-2: 10 uV/nA) ;

() E<300 nA FFFT ARAS » 7748 218 IR RERT AT HIEE S M R ] B AURR
&

(L) BIORF A 0 50 mV > EE5ER 2 H R 2EE] 500 mV

(O3 i R T AR B 2 EEEREE
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21 Toxic Sensor Evaluation Board

22 Toxic Sensor Evaluation Board 451 |[&]
= HEAERX BB EGET

(—)NBIoT f54H

L« GEA - EMEEE=0E  7 2007 £ 12 BARIEE
FEEZ B GINCC) SIS 300 EPIIHAErIS: - > hth et
NB-10T £t FIBRFS RS » A MR £ Sl - ARBTSess
F181 NBIOT BT BALME BIs sh US> — - BATARRISE 3%
H > SIMCom /=] SIM7000E #8540 > @R &4 5 > FHFY NBloT A3 %Y loT
LM - BULEM B R T 2R B Bl » RS el 2
i &5 b DR - SIMTO00E JE{TIN K 1IMA » REHETHEI K OuA »

PR BN (S S E R A
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@ SIM7086E

P/NiS2-10732
SM:E18617811980337
IMEI:266154625931663

23 JHIEEE M Z SIMCom /=] SIM7000E 540 7 38 51 & 5 [
() Wi-Fi 541

ESP8266 Wi-Fi f52H 2 (1] » £ RfE UART-Wi-Fi (s

BrEk ERmEeE - FEEAHEN R ERE MEREEE(12mm x
17mm x 3mm) ~ {REEFE K S H AL - HAG 802.11 big/n 24 ~ 57 f%

STAIAP ~ %% TCP Client &5 » 1L 3.3V ZKEA (it S Sy e -
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Vee (3v3-3v6) ~ Aerial (ignore)

GPIO14 L CH_PD*

GPIO12 _ GPIO16

GPIO13 _ _ RX
**GPIO15 _ _TX

GPI02 _ NC (ignore)

**GPI00 _

24 ESP8266 Wi-Fi f5&H = SiEL 11 i iz ik s 8] () B S M (£5)
HIERIIAE(3.3V HYERR ~ 25°C HYEREDRE M)Wl NEHEEEERLR
TMHE » HEFERHEER 90% MY 2500 - TERF S S IR RE T
156y
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7 12 ESP8266 Wi-Fi 1540 7 B i (H#m LI#E%

A RE B B Ar
{& gy 802.11b > CCK 1Mbps > Pout=+19.5dBm | 215 mA
fE iy 802.11b> CCK 11Mbps> Pout=+18.5dBm | 197 mA
f& iy 802.11b> OFDM54 Mbps- Pout=+16dBm | 145 mA
{&#igy 802.11n » MCS7 » Pout=+14dBm 135 mA
PEUg 802.11b » A1+ 1024 {iz jC4H » -80dBm | 100 mA
B 802.11g » 1 1024 {7t 4H > -70dBm | 100 mA
PrUg 802.11n > f1E 1024 fir 7040 » -65dBm | 102 mA
EN SRS ElS 70 mA
[2 % 0.5 LA

it ER==HERE

(=) BT(Bluetooth)%4H

BB2710-29(Broadcom) E: o f& 4H ~ f# F (2.4GHz-1.48GHz

unlicensed ISM band) » F 2 fFedy UART-BR {HifigiH4H » FIRHZETE
Bz NS 282 B > FRFaeE 1T ENAEE - APP S/ HI{E 5
RSRRRIE 2 EoR - FEEENH B RE E /NS RE S (25mm x
13mm x 1.8mm) ~ {KEEFE R EEMEELL - W& classics&BLE B2 /i)t
A(V2.1+DER, BT3.0, BT4.0 BLE) - GATT&SPP X @zl - H

EmIIFE(3.3V HYERJR ~ 25°C WYIREDES T)WFE 13 fis -

143



T g
. f— a2
BB2T10-27 l i BE2710-25
]
- s
| |
a qi
Gl ChA_Sebal 1 mra o
~ T PCW_CLK 1 —
E M ¥ e
A 4 i
L P KE_IRar & PO
| — g p— e . T
L] L = arox T = k]
- & GFoE L] SIS
£ aros 5 i
= GHE L0 aRT_TED
E GHE Ll aPEnY
L =
E
T
! " e BERESCE
ia

25 BB2710-29 BT 54H 7 e 5 R0 1 a1 i sk~ 78 () ELS N ()

%% 13 BB2710-29 Bluetooth f54H > FH i {EHEGTIFER

AYG Current
Operation Mode Unit
VDD=3. 3V VDD=1. 8V

Broadcast 8.55 8.28 mA
Connected+NoData 13 88 13. 62 mA
Connected+Data(l0bvies, 20ms) 14. 74 14. 60 mA
Connected+Data (10bytes, 100ms) 14. 22 13. 98 mA
Comnnected+Data(10bvtes, 1000ms) 13. 87 13. 63 mA
Connected+Data (255bytes, 20ms) 14. 51 14. 28 mA
Connected+Data (255bytes, 100ms) 14. 55 14. 29 mA
Connected+Data(255bvtes, 1000ms) 14. 02 13. 77 mA

(V) S g R B S PR T

ARTAEARWIFEERH MDK-ARM 5 f BI85 % &t Fi 3% T A - Keil
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Microcontroller Development Kit (MDK-ARM) FH# T E = MDK core +

Software Packs; E.H7 MDK core £1& ARM C/C++ compiler-~assembler~ linker ~
uVision IDE/Debugger ~ pack installer =5 ; Software Packs & CMSIS -~ Device
Startup+Driver~Middleware % - MDK-ARM # 38 FEL > Cortex-M-Cortex-R4 ~
ARMY7 - ARMY Rifesae ittt 7 —(EpHs s - B iz hles e s
st TR R ZEET IR AT JER -

Software Packs
Microcentroller Device Middleware

| Startupisystem _[Figie
shrasts
wa U Comi USE Device Driver USE Device
mE S Canarcdler SA| Driver SRIO
e L Ethernet PHY
1 TCPIP
Frharrer MAL Metworking

w5 LEART

SP‘J."E P Caneraller

E CAN Cangraller
Pl E 5P Canerodler Flash Diriver
iDll:H}E foulla] MICI Driver HZI0 File System

v [ Memory Conalies HAHDO

JSBE USE Careroller USE Host Driver A -—m

RTE_Device.h
Configuration File

26 MDK core + Software Packs i ga I EE B s 48~ = B

> ARM Startup up code mJH CMSIS(Cortex-M Software Interface
Standard - ARM® Cortex {2l 2REaE/ HIAEAE) R ERY MCU FE7HY
Cortex-M HFEB(E FEEFIE S M H > KRR L 4R 2 & HEM: -
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Application Code

Standard Generic Component
Middleware Interfaces

CMSI5-Diriver Peripheral HAL

CM3I5-CORE

Roun-Time
Enviranment

Specialized
Peripherals

=2 Communication

MC

* Special Interface

Abaut pVision x

pVision v5.21.1.0
. Copyright (C) 2016 ARM Ltd and ARM Germany GmbH. All rights reserved.

Toolchain: MDK-ARM Professional Version: 5.21a
Toolchain Path: D:\Program Files\Keil_v5\ARM\ARMCC\Bin

C Compiler. Armcc.exe V5.06 update 3 (build 300)
Assembler: Armasm.exe V5.06 update 3 (build 300)
Linker/lLocator: ArmLink exe V5.06 update 3 (build 300)
Library Manager: ArmAr.exe V5.06 update 3 (build 300)
Hex Converter: FromElf.exe V5.06 update 3 (build 3200)
CPU DLL: SARMCM3.DLL V521a

Dialog DLL: DARMCHM1 DLL V11400

Target DLL: Mu_Link.dll v2.02

Dialog DLL: TARMCM1.DLL V1.10.0.0

This product is licensed to:

Lance Chen
Personal
LIC=85IEV-PEW3I-9XZUW-Q8CNW-05QIS-ZCTFR

This product is protected by copyright law and international treaties, Unauthorized
reproduction or distribution of this program, or any portion of it may resuk in severe civil
and riminal penakies,

Keil Software, the Keil Software Logo, and pVision are registered trademarks of ARM
Limiad

XERCES, Copy Info

& XML parser (varces-<_3.0.d) is licensed 1 you under the Apach Softwars Licanse,
Version 2.0,
Scintills,

an editor tool (UvEdt.di) which enables esiting of source code is i

Historical ssion toe ar Visclaimes,

jcensed to you under the
e it e Tt oo e tes] (it oty
Source Initiative. OK

27 i MDK-ARM [ H & (/) B T E AN 52 F 2 FA 3% SR AG RRCAS ()
(11) #5530 PCB i fi SR 5

ARLAEAIHFTRE A 70 PCB IRFAS IR T » BRI IR b ot
Mz BE7 PCB B e TlE -
1. OrCAD Capture : f F BRI 25 224 PCB B p& i < Frissfe =t » HLA4gHY
B -
2. PSpice(Personal Simulation Program with Intergrated Circuit Emphasis,
PSpice) * Ryl A RS EFEIR - EF(L) Tl » HEESE *net; (2)
TCiFmEL AR A *als 5 G)ITFFFIRER *olb 5 (4TS HIERE

*lib 1& - AR T B RHE (e HEET T AR AT @ =Tt
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FEASALETT RAEADT: ~ BRI )R - FDUETTERES R -
3. Layout Plus » E[IRZEEEHFES  Express » AIf2UEEH TIAER -
g~ EITHERRERORL(PML0 ~ PM4 ~ PM2.5 F)Z BUHIHEE
(—) B A SRR EE ¥ 77 m] R

FIF BT T RO 25 BT # S LR > Chowdhury S5 AP 2007 4
g R e — T R BRI TSR S5 B AR A > SR -

B AR (Biomass) o FRABEAH FT S 25 7 S A RS
fe P R RS 22 S o P 2 B » W I B 2 s S AR P9 B b

— LSS A R IR B 30 04 > B EREEETRAZSE
(o R TRA A A A RS A FE(T T — Rt B s I D A
PTG I 25 B B R P S JE— B M Bl BRI
0-1800 pg/m? 53 /S 4H PMs S IEME - 45 HH B HIBSFE (% 30-50pg/m”
B RS B - Wang S5 AT 2015 AERFSEH - (3 AR R T
JR(BRREE « BREUAR - B0/ NR) AR EL S R HIS S 2 3 s HL AR
B~ D IREIRAE R RRAATIE TR 7 S (T — 2SR 2 B -

TR A — R - MRS RO TR N - H R BRI
TG AR B S e - SR S MBS TR A R — B A B D 22
PR » EERSHE =R FIHAE 2 BUHIBSAE 0-1000 pg/m® - HAH
BEME B s 2 B 5 L R B 0.98 - AFBEIM: e IRUHIZS L R? 5 0.78 » #5
T R RS B AT A S i B A S 5 Austin S5 A0 2015 4EIA%E
Hp i PR SRS AR 2/ NBR(0.75 ~ 1~ 2~ 3~ 6um) » BUE R/KIAR
RIEFRST TR E RS AT  BACRRUIIZ I e A HEks
GEEFEHAE 0-50 pg/m® > 1 pm-3um HARVEARRIME RS 2 R?=0.99 »

0.75pum J% 6 um HARRE = R7<0.9- 5 B I 28 FT R fo ok MU A o
T ASEFF 2 Bl F = FE R Rk 73 2 T A9IR » DU SR TR s 4 2 F 5
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MEHEE > SR 1 um ~ 2.5 pm ~ 4 pm ~ 10 pm HRIEABATEHETTIL

FEERET > Eha A PR =B o S Al

14 gIASUREEHESIR

TR EETHE EE¥Ees GER SER
(1)Atomized (NH,),SO, PMgs- PMyg Dusttrak
A WINISE; )—?}? = PMO.S' PIVI4 -
Qe H&HH APS R?50.8 ZNTISA
()& TR DI SMPS '
X PM2s Chowdhury
IR 2 . Dusttrak R?=0.88
AR R etal., 2007
(1) Atomized NaCl
(2) Atomized PSL .
PM, 5 SidePak ) Wang et al.,
(0.3/0.6/0.9 um) HE s SMPS R“=0.78-0.98 2015
(3) Atomized NH4NO; R
(4) 4RFEIREE
PM;- PM3
Polystyrene microspheres 0.75-6 um APS R'=0.99 . Austin etal.
|
Y P R PMo7s & PMs 2015
R%<0.9

(2) Fees

AHPFEFTE A 2 B S iR B E 8RR 2 R R R B A2 R

o=

MLt 8Es - DU B H R 2 RENMRL S R Em i A A o

%
e
1)

IRV 1T e [ ey R B R B B R - e AR A R B R B AT

RIZET SR

A B BE 1 & M4 (DustTrak, Model DustTrak 8533; TSI Inc.,
USA) T EHK e 0.1-10 um fiphr 2 B &R - REEHIRIR F
0.001 % 150 mg/m® > £ & 5 3 LUmin » $E45 50777 & (Sheath air)

Fs 4 Limin > SRR RE B &M —3{E - AUT5Ell 1 ek

AU IR NE B N B RIS A 28 PR - sxFRESIREE 90° &
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SRR T B AR BRI B0 2 R R R A B SR 2R R SR A BB UL
W ASEE o FEHER B AikAS (Laser diode)sf HHEE G LEFEAEH
#%(Collimating lens) Kz f¥iRkE#%(Cylindrical lens)fZEtH - BB

T4 BRI 5 (Spherical mirror) B 2 AN o5 st E vk
ZEERLY -

Aerosol Inlet

HEPA |[°2
Filter : »
D%

| . tics

2 ® Op
Orifice |-- g| LightTrap chambar

Sheath Air  ||o
‘3
Mirror : N 4
4 Photo
Laser 4 Detector

Baam Lo
» ’ 2 Q

Beam S!\apnng o S Viewing

Optics % oo\, Volume

. O. ° o
' -2 _0.0b"a3 Gravimetric
Filter
Laser Diode

: . Protection
Filter
Exhaust Pump Dampening
]@‘ Chamber

-+

Flowmeter

28 SRR 2 HIERSME R P BRI (Dusttrak #Z2F )
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(2) ELA SRR oot 7 BE DRI R

6 A =B IF ok =& (5 0% (SIDEPAK Personal Aerosol
Monitor Am520; TSI Inc., USA) A {EE: 1-10 pm fpk 2 B8R
J& » HAMBER P ERRE S A0 29 v - Ry I S 900 S R &
Mok E &R - RN BRI RBB R A EE T - F5H
B B —fiAS (Laser diode)st H 25 B 2R 4 H #% (Collimating lens) k2
fEIRIE S (Cylindrical lens)EEOEHIPROER » FBEBRE & 528
R IHigR (Spherical mirron) B 2 EAgHI s FPET B EBRIRE » 1F
[EE BRI B AT - B R A SRR A A Y R 9 I AR 4K
BT - MR RIHL 8 BRERTE( Cyclone) R [E] » A& HIAR[E]
RIFE > B0k > PR R =4I /5 0.7 2 1.8 Limin » SEEIFRIRE

R EN—HE - ABTFELL 1 oy Ry PR RHIRR

Laser
Diode
Aerosol
Inlet
]
Beam Shaping S
Optics [ %004
T .
c
I o %
Laser :
Beam \\. «| Impactor
! So° °‘ %% (optional
Exhaust | {op: J
— | ."0
| 2P950200° 0 0906 P0*H 0 P0%:00°F 0 PO ¢
N
Protection \

Pump Viewing

Volume

Screen

Light Trap

& 29 ZE SRk At Eas Y MBS A B S (SIDEPAK #7ET-T)

(3) RENRL TR
KB 1845 (Aerodynamic Particle Sizer, APS 3321; TSI Inc.,

USA) mI &I AL 4G 0.5-20 pm {ulphir 2 B HUREERI IR 047 - HJFH Ry

150



A PR 028 2 B A P AR oA 8] > S8 Fl i SR AU UL PR AR
— LR > GRS ATE SR MGk 8
WEEH R 2 BB EF RSN B ERYE  RERER
1L/min > #EA7 AU E Ry 4L/min > HRE AT iR pe B 8 — R

I3AR > AHZELL 1 Gy R PRAK IR - FREsNE R B RS ANl 30

=l

. Measurement
-
E Light
e Scattering
. Light Scatter Measurement

to Electrical

* Pulse

The Model 3321 uses a patented optical system to produce one double-
crested signal for each particle, vesulting in highly accurate measurements.

30 SRENHIHL 1L ERS NS R PIEIR IS (APS #27ET-T)

@) RIS B AT
T BN 37155 (Scanning Mobility Particle Sizer, SMPS 3080)
BEEREFESME - REZEBE UL /3145 (Long Differential
Mobility Analyzer, Long DMA 3081A)Ed 5¢ 45 (i 5T #5723 (Condense
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Particle Counter, CPC 3787 ) - fiufi i@ RIE =B E AR o388 2 A
SRR AR 2SR 500 nm DLk » (e R 7 B 2R
[SEBRUkL 5 BRI T R 4% 2 o # » (58 FH BB RS Bl R AT R AR E P A BB BR
B BT RO S 2 WO A B R (R HE B BT I > T A B EERY
REZEZ RS res (long DMA) ORI 77 B A Bl i A EE P
A—EE » A AR O S M ~ LR BRIy Gt -
GHETUOE T J5—/ N L R AR - e S ok st R B AR
PE BRI A BRI e (CPC)AREH Rt VB H - AHH
FUE R 2 R AR Ry M — R o3 An > HE Mk (&
5 10 nm-1000 nm » ERESR &5 0.6 Limin » 255057 & 8 6 L/min »

fRE /M R N BRI A0 E 31 AR

-e-@ '
31 fm IS BN A Y MNETEL N B H 72 (SMPS $52E 1)
(5) AWHFEECHIES
ARISEERHBEEE /N2 AS BUSETTH - AS Rydds s s fi = am FH A
TR RIE ROHES - N EST e e EFICE T - WEREEAE 32
P R Bk FH SR TR B » i 2 53R BN A E DR BERRL )38 AR B I FH Y EE
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HResE R EY HENEZ R FERICHRRAIEE - TR
HEDA(TSI EEUR)EMSEIRERYIRE - Fofs BHVERRET - DARAR
JE F] SEHIER ST B Z AT -

Particles

Sca_lteted
Flow Light

Laser Aperure

i

Collection
Box

Photocell
Detector

Volts

VAN

- # ZRIARSE © machinery lubrication
[ 32 SRS =i P R R e P TR 25 i
2O RCHT AR ] TR E AR 0.1 AT 2 E Ak
€5 0.3 pm F 10 pm 7 FEkrEr > AR KB URESE AL PMy -~ PMys
Bl PMyo B SR > T][EIRS AL 13 {E Channels FY5& 2 Aok > Bk
SEE BRI - AR AT & B R AR L RHI R LB Rk (R A
FEFHAFR 15 Fs o
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% 15 ONEAIR A5 Jllgs i i s

Rk

SN R ST : 35x34x11(mm) ;

E= 189

PM;o/PM, 5 2-Channels k& " Egiir#5; | 6-Channels [E]iF &
Mo BEZEREERVARABERZRG
ROHS(2011/65/EU)H7E -

=4

JCHIEIE © 0.3~10 um ;

eV MG O ) ¢ 0~1,000 pg/m® ;
SRR 01 ug/m®

I (ERER) © 98% ;

B HE ¢ <10 Sec.

Rifg

T{EERE : 5.0V ;
TAEEER : 90mA ;
TAEESE : -10~50 C
TAERE : 80% RH ;
SEEEF AR ¢ > 5 4

BRI © AR S BT AR A B

#* 16 Haf SR zs BN aESIE Hi2

e (=623 Bz SRR HiE
(5 ¥)

DustTrak 40 & Lgfm? <10 um

Aum ~25um ~ 4 um ~ 10 um)
SIDEPAK 12 g/’ <10 um

Aum ~ 25 um ~ 4 pum ~ 10 um)
APS 120 & | #lem® 0.5-20 um
SMPS 110 & | #/cm?® <lpm

3 ~ ~
TR R 25 % pg/m lpm-~25um ~ 10 um
N #/ cm?®
(i

03um-~1pum~25um~5um ~ 10 um

154




4 BERTA
WG B FH— S ERARME T BB AR B LRI B3 L - BREt =REREEE AR F
MR EEE H TR A » =M A A T AL ~ A A4 U7 NS s B i
W -
(—) T3k BREESERAE Ry AR
TR B s A R e AR TR B S R B & 33 Fir » Ea()E
FETARRCE ~ QMBETIRRE ~ Q) FHrREEAg B LI (4) ERE
BRI o EEAEIF AR E Ky FHIE 5 25 (Atomizen) i & (ki A AT 7
S| (Dryen){% i AT EEAE - MR BB 2 B4R S —BURIEE
FEREYI S0 7T - FER BRI R SRR 1R K RN B3 BRI - e T Bl R R
JHIEDHIEE(TSI DustTrak 8533)Lbik— /NN HE B3, » DIk
BLSR BN UL 73 1L B (Aerodynamic Particle Sizer, APS 3321) ELfir {53 4fi
& - FRRRACE Ry il AR R R B T AR SR H R
PRt 2 R (E ;TR O B Ry 555 M A R RS T BE A DI T 0 5
FERRIR T BRI A R S B S RE R L R e R T
feckin st o THE R BRI B -
AHIFFE (5 F = FER B 53 A By 0.01% ~ 0.05%2L Kz 0.25% 2 i ik
SR WiE SRS By 1.8 olem® > A IR RREC BN B = PMy
BRI YA Ry R A BRI 20 pg/m®s DR AR 100 pg/m?
PA=YED S e
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Adr indnut

| (3
Tlepn Talance
PFrwssre
(2
THltHnm Adr 4
Analyre
| Pepu "y Aernsal in {hamber EMPS
- 52T P L
+ Tlpey , L
VLI Hoihe -_Diryer =| Meutralizer - .
’
i S
1 "‘-J- o] il TastTrak
20 151 o Lun | e ASlpm)
-
Fag~ i Sampling
T . 1y P " R Pamt
Bames - F APS
| fsemvralion - {3 lpm)
Atnmirer
ANH Oy

33 E ket iE (F B s8R A A TAYTR)

(Z) TR A E R AR E R TR

MHTTE— - T gs(Atomizen)is R IE #0 AR T Ry TAYIR £2 5y
FEAE/INFRYEY 1 pum 2Bk - IR 558 MR Rl b AR R A A 2R A 1 pm
ZITHER > BT TR R B ZE B H Al D a B AR ([ 34) > Hofir
RHEE Ky 4 um-15 pm 5T & RO B B Al Fe s RS aa & - Ailhdb
TS Ry 2.3 glom®s Fll FIZEBE AR D A A e T B R T L L B

S sl (&l 35) - &l P B DB ERE s 0 - fEREAREITR 1
SCIE T AR RO R BE RN 2 BRI AT - H SR B A 2= R (TSI
DustTrak 8533) gl Ml &5 LLES B 1um ~ 2.5um ~ 10um B EIRE - BUK
{52 F SR B 80HL 7> £ BE(Aerodynamic Particle Sizer, APS 3321)EE&uH €57
Al - R AT AR < 7 A AR e e A e R T TSR
LB SR B H RER e — TREhR -
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34 AHFERTE A Z Akt et A

(1}
H.I.I‘l!.l mae

FPressure

Adr in

Hepa

Fresh air
in

C laanber

{2)
Analvee
! \.:

._Fan — Tt Trak
Fan
o ok st Rock Dust
s @ semor
APS

35 HhgaeaTE (FI Al ek REL T HYR)

(2) HE= MEREIF TR

AW H 1T TR 8 2 R0 R R FR AR T T = R R R R
ZEEH > REEAEEFAIRUAS AT 36 AR » =%y 200 447 ~ K 40 A Z Bl

% o REREERRUEE YRR 17 For > SR E AR FEfE B A
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JEFZEMIG Z Fe o AR o e AR Ae > FREERE T (IR Bl FLIE 22 SR

(e BRI ORLHE A REBGTR 232 0 ffii - WEHMBIRERY 20 N5y asc A 58 EUH
as B 6 - B R RIS B R R B B U A IS IR 2 fm = -
A H eI EEMR A (F R oL 2 AL AR - FE B R B R (Pump )
T FBEfa 2 Br LU THISR - (EIRREESR B e 4= 2 0 o S =
FERERBIRSEREHE A F I R EEAE - RERFNIIT AR > &/

s T E/E PR 38 (Reynolds number, Re) » & EFERECATY 4000 B > (AFRFREERE
AR — R Z AR EIRES LG L — IR R0 25 &) o3 AT B e A
BINEHRENINGG - EHEIER R

RyERH RIS 2 A BN » A E RSN BN & sH ORI 4000
pvD
u

Re =
p=r RS
25°C » latm » ZER B 1.186 kg/m® ;
V=" 7R
D=EH& (0.4 m);
n= i AG BN IR

WA (25°C) MEEET > ZE@AVALE & 1.78 Pa-s(107-5)=0.0000178 Pa-s

1.186«V x 0.4

0.0000178 > 4000

RIEE NRURFE RS 16 MIS « & FRFEfE N Z I —IRRERI A iE A
WHFERT B 2RO ECHIERE2 SIDEPAK(TSI SIDEPAK AM520)(E

AR Z R HET TR -
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0en
Wen

MERTERLIcm

=

Wem
- > T Ren

na IR L L

36 ol B e R E

_—
Pump Pump
BR me

37 M AR B G R ]
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17 [ERRGE R TR R TR

A tRefa] (5
)

BN RN o SRR 10

BEh BUE THYR

Pump FROTYR) E R BN

S EREERAN R 550 pg/m® 211 pump 245 j

%‘é%‘gﬁéw/ﬁfhx 500 pg/m® BE 44 LL ¥ 5 — B 10
500+5%->475-52511g/m°

Pump X5 (air) £ 5 EE AR -
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FEBANEERZE 100 pgm® B 4G L ¥ F 7% 10
100+5%->095-105pg/m*
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B 2 EOR A F SR b RO S5 B B A s Z R MEER T -

* 18 —MEAEAEITIVR Z B ARSI

FE— HEZ FE=
ST il S I i
Sl EIRES 1um 1 um-10 um 2.5 um
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2EE
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2) EE - BE RS o 1) R PM, s %
=l ()m%% (1) L = TR ;EE)F{%FE PMas ELL 1
(2) RS B
(3) FIRIE SR 7%
SR (4

N MEREHEERREILH &
(—) BRBESE IR T AR (0.3um-2.5um)

1 B H RIS

I FHME 75 25 (Atomizen)UE HIBR BE$20 B IRAE AT AR » I8 AZRERfE—/ NI
WE 0.3 um 28 HIRE s S8 & s (Scanning Mobility Particle
Sizer, SMPS)FTE M - M RFF 0.5 um 28 H IR B R ENIORL 77 1848
(Aerodynamic Particle Sizer, APS)FfT & M1 - SRR ECHIZS AR EL R (0.3pum
05 um ~ 1 um Kz 2.5 um) » LEERREN kL 9318 2 (Aerodynamic Particle Sizer,
APS) BRI HIZEY 0.3 um ~ 0.5 pm ~ 1 um k2 2.5 pm E-PH8 HURELNEE 19
AR > FHEREESRAGH 0.3 um 81 0.5 pm Z 8 HRE ENEEHE - SREHkL oY
TR EEROHIES = 1 1 um B 2.5 pm JHIES LR Bidoi o (L B IR (EAH
1LL o S5l —/ NI A AT R E R R BA G B Hh 4R 8T > 4lE] 38 Ao - BEEH

0.3 pum Hi 2.5um fE[E —JR & f HORE SRR - RO 77 8%
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(Aerodynamic Particle Sizer, APS)Ea 5 HIzS -~ i EA R AHE] » BoHlEs B — EFt
HEE > SRR BN kL 4> 8 % (Aerodynamic Particle Sizer, APS) 7 JERE S (L (F 1
P RIEIR S EREREN > TAE 0.5 um AT 1 um > FHIESEL SRS ok 7 1L
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% 19 03pm > 0.5um -~ 1pum 2 2.5 pm 8 HREREHEIERSZ

EATRESS SMPS (#/cm?) Sensor (#/cm?)
0.3 pum 1.7x10* 200
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0.5 um 2450 150

1um 112 120
2.5um 3 10
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TSN H R LG BRI IR A e - SRANE AR > 2800 RS
RiEth 0.3 um HEHREEEHEERMEOR > NI A H 238 05
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2. BEREHEALLY

I FHE 7% o (Atomizen) g b e s /AR EE AR T AYR - o = FaRE
B > 43Rk 0.01% ~ 0.05%81 0.25 %2 iRl s ks » A8 A 55
fB—/INIF - BB SRR B8R 58 (Dust Trak ) B IROHIES i 5 (E —/ INEF Y Pl
EHEEREHSGE R D R MER A -

I AT A 2 KSR S /A 1 um > BRI FTRE &S 2R
F& 7 /NS Ry 1 um > PRIELEEEE 1 pm > =F8E SR EhEiE TR -
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BT HE EBE B 20-25 png/m’ o bR T RHETEEE R ES - i
TR T AE TR R IR 2 2 R R EE (81 i 5% (0-5 poym) AR e MR >
SRAEE IR B AT R AR E BRI 855 Fy 0.05%E 0.25% » S JEEH]
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APl HEAHE S MR > R B495 0.97 » A ARGEIRE
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it = TR He—/ N 2 SIS SR 40 ohofE b RO FOR S S HE AT
B B (K bR R B R 5 I (Dust Trak) 43 i) & M2 20-25 pg/m® -
120-180ug/m® ~ 400-600ug/m® ERIELHIES 43 Al B HIFE BEFE iy 0-5 pg/im®
30-60 pg/m® ~ 200-300ug/m’ » i = e A [F B B AR E LR A —/ NI 2 E
e Pl AR 7 A B Sp VR B PR L Ap MR Rl (% > &5 2RANIE 41 Fos > &5
R AB RN E N (Dust Trak) S ss £ =FB (K o S HBREEAS
RMERERANE - R?=0.96 - NI ECHIZEAE 53 BB HIAE S A S b s > B B i
[ B AT = IR -

y=0.45x-7.96
2501 R=0.96 giic

Sensor (ug/m‘)
o
N
b

4 FIH

n =
= e =
1 1 1

T

0 100 200 300 400 500 600
DustTrak (ug/mj)

41 N[E'E & JEFE (DustTrak Reading : 20 ~ 120-180 ~ 400-600 ug/m3) J
L BRI 25 47 ME B (2 =
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() 4l e THYE(IUm-10 um)

1 S H R NI SEALL Y

MIRJTES R S AT B R B Ae B35 2R AR TR » Lh
R BRI 53 7R 2 (Aerodynamic Particle Sizer, APS)EJELHI BaEL8y H
FEREEHE LRSI AT 8] - 455 A07% 20 Rl 42 Frow > INECHIEs B3 H R
FERAS o AmE A L um ~ 2.5 um ~ 5um ~ 10 um - KRR 4 um B
RIS FH IR HIES 2001 5 wm 2 &5 S AE TR -

FHE 42 (a)F5 HH R & A &R H R (8 o0 A [l BB I ) Ry — R e
7 1um-10um FrfEEEAN - Jollas SRE FZ A RIE 1 um » 8
H RS s e 2 e - il 42 (b)F5 SR Bk o (S e 2R 2
o AmlE RS Ry 2.5 pm Ry FEFRIAR - BEINUAE 2-4 o gl B H IR
JEZEIR BT SOT I » HR R AT RE Ryl S R R E 2t - Hhik 4 Fi5 01 > Al
20 7y - BOAlEs LR BN AR ERAE Lum ~ 2.5 um B 4 um HORE
SEHHME AR SEUR BRI IE I RARRE BT - HORE @IS, B 4]
43()FTR -

-

(@)

(b)

42 FFHRD SR A Ry TARE 1 -10um A fEo4h
(@)EHIES; (b) SREDHHL 1L
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% 20 1pm-~2.5um > 4pum - 10 pm 8 HREE S EILES 3R

Sensor (#/cm®)

Time 1um 2.5 um Sum 10 pm
2 min 33.78 5.63 0.27 0.13
4 min 20.21 3.36 0.16 0.08
6 min 13.29 2.21 0.1 0.05
8 min 9.88 1.64 0.07 0.03
10 min 8.28 1.38 0.06 0.02
12 min 6.59 1.09 0.05 0.02
14 min 5.16 0.86 0.04 0.02
16 min 4.08 0.68 0.03 0.01
18 min 3.85 0.64 0.02 0.01
20 min 3.73 0.62 0.02 0.01
22 min 3.36 0.56 0.02 0.01
24 min 3.3 0.55 0.02 0
26 min 3.05 0.5 0.02 0.01
APS (#/cm?)

Time 1um 2.5 um 4 um 10 pm
2 min 941 22.59 15.62 0
4 min 55.10 169.53 63.42 0.06
6 min 43.07 113.79 22.98 0.06
8 min 36.10 74.43 9.34 0
10 min 31.62 49.41 5.50 0
12 min 23.17 34.88 2.56 0.06
14 min 20.48 24.96 1.98 0
16 min 16.00 15.68 0.96 0
18 min 15.23 14.27 1.22 0
20 min 11.01 8.90 1.15 0
22 min 9.41 7.81 0.90 0
24 min 8.70 6.72 1.09 0
26 min 7.42 4.48 0.51 0
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Number Concentration {#/em’)

Number Concentration {(#/em’)

RCHI 25 LR BN Uk 5313 (Aerodynamic Particle Sizer, APS) FATR[EIK{%
L 4 ] 43a)¥15 HH i S P W B VS (o £ S B M A D S R A A
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R BRI (IR BET © 7Y 10 um B AE HE AT - (2R
SR — 0 BUHIZSRERERIZM TR - TR B o I B R B s e (e
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LR A A5 ] — R T P R0 7 35 S P A e e ] 4 54
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AT AR Bdimtb s - Rl b St AR E S B e R 55 K E 42
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e

&1 -
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558 NRE = P LR AR P A 5] 2 S B e A A e B O e B R
LIRS VERARE - 4500 45 B 0 1um Al 2.5um R 53515 0.96 -
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(=) PG EITAYE (2.5 um)

B EFARSEARERNERE - ERERREREER e ZE I
BIRSY PRt TREMNRIFINDRE B2 EE > ok s AR E] 2 8L
PRI T T LR - TAS R 55— BELLIIBE By 500 ng/m® > Bl 2 S B IR B8
P ISP R 4 SR 53 1 Fy 495 B 497 pg/m?®» IS4 (£ 5% A 232 2 2 R e Ay -
PR 2 NEE > B A AR RN S5 P B M B R R P R R P& AE £5%
AR SRR EIREIN o AN T-test MEATERET T BRI (R Es An S M S 07 HdnL
e BRSSP B R B A EEE R - HGER p-value By 0.99 - AR
RSN RN AR T R R -

% 21 S (PMes) EEEFGE R

TRIE TSI Sensor
(ng/m°) (ng/m”°)
FkE N RBZREeNS T R2EE 6 8
T%EE{I%W TRTE 550ug/m {11 pump ZE 5 550 550
F—BELEEEL (500 ug/m) 495 497
55 T BELREEE (400 pg/m®) 392 395
5= BEEEEL (300 pg/m’) 293 295
SEUUBEEESER (200 pg/m’) 198 195
B (100 pg/m®) 99 102
S5/ BEEEEEE (50 pg/m’) 51 48
T-test p-value= 0.99

t ~ FESRZ BB E T
AHFERHIB EIRSIREA S8 > MERGTaE 2 st - (SRR - (B&
FBHE R Z R AEEIEAE © fUfT

(—) BABCZER] ~ FAMNLE A NBloT 8% i
TEEERE - GEPA - BEFEE M - 5 2017 £ 12 A HIEESGEREEER A
(NCC) = HUfS 300 HPIWHaErIst » Z & ket NB-10T Hit s RS UCE: > R
SRR 0SS (i & > &RUCEE - AIHSE Eakat #iE] NBIloT JE ISR F Ry = o ML i
TR A
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(V) B IRRE R B
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flr > SR ~ HE  AEVEMN > DUEGRE S F RIS T3 bE2YE 2 RN 25
R - NICERHE R 2 B (Flag) /2 P B 2 HRE Y —TH - EF IEHER

&R DIERERSS E BB i RSO E R - T REEE SR ZEE - T
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A ZE AR SR R R BRI o3 R ELFE B ) BEE MO IE - BSR4 (S
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* 22 BRI
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Flag Activity Average
P Power Failure Valid Average
Power Failure Invalid Average
C Calibration Activity Valid Average
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Invalid Average
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Valid Average

D
d

Off-Line Part of

Invalid Average

Bad Condition

Valid Average
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Invalid Average

Positive Over Range

Valid Average
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Invalid Average
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Valid Average
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Invalid Average

R |Rateof Change

Valid Average

Rate of Change

Invalid Average
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SHE RUHIEE > SR st o 3
1 BN E  © FIF Blustooth JE3NT-eE » (EBYEEELIIZS AR - &

=

T~ KMECHIZS4ERE 2 /1 Bt Ean< o] AH O {H ) o
2. Wi-Fi ~ NB.IOT @z {#i5 - FIJF TCP Client #% TCP Server 1883 Port #{T&
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Pl
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46 A B E D sE ARG R EE
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1. BT(Bluetooth){#i

RIS Z 3B & ik BT (Bluetooth) R&RIANL T » DARTREERERE S e EHT
17 Bluetooth AR ZCEERE 2 A& - FFRCCEEAVEEREE4Y 0.6M - X SR FEE R
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