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Humidity
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[O8 20] &0 2 OIMHX =& A8 AE

- 08 21, 2= S50 U2 0IMSX 53 A8 ZUA0ICH A8 20 IHEIIE s
= PM250IA E4 20 o/m30IA 460 o/m32 O 23H, ZTH 8u o/m30iIA 999 g/m3Z oF 125
BHE XISstE SOIGIACH PMIOMIAE A 4 o/m30IA 1680 o/m3 O 4281, ZITH 4u
o/m30I A 990U o/m3Z o 25081 BistErS &oIst &~ UUC Ol= JIES OIMIBIR ZFI|0t

3| S8 = YXE OMBX=Z 240l S8ob| =22 A==
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Iy

PM25 PM10
O': Openwindow O Open window
1200 4
Lot C: Closed window C: Closed window
H : Humidifier operation H : Humidifier operation
1000 1000
800 200
600 600
400 400
200 / ; A 200 A
o R N Z \ : . S 0
12:20 0 13:20C | 13:20 H 14:20 0 15:20C 1520 H 16200 17:20 C|17:20 H 18:20 C 18:20H 18:20 0 12200 1320 C 1320 H 14200 1520 C 1520 H 16:20 0 17:20C 1720 H 1820C 1820 H 1820 0
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(2] 8, MelH A)
[0 23] OHE 4R 22 24 L H2H T2 2SS RAE

- 22 =SS0} CIE At 2= 288 XAlotH O S E 622 H2|otYC RA=E =8

I Chs Atgt 2e2 8JtX SR/0IH 222 Ho= Chsit 2Lk
(2 6] =20t [I=E St 2
Model Assumption/microstrucutre
Waterman and Truell Point scatterers
Lloyd and Berry Point scatterers
Varadan, Varadan and Ma QCA, isolated scatterers
Kim Aggregated(granular)
kanaun and Levin Aggregated(granular)
, . Constant fields in scatterers
Sabina and Willis
Aggregated(granular)
Isolated scatterers(three—phase model),
Yang and Mal ,
constant density
Beltzer and Brauner Isolated scatterers

- Waterman and Truell 2= A&t Lloyd and Berry 222 liquid BHEWAN =SS HS
£ gt Us Ao JIX0I20IX8 SEMMKNE ES F=IHE 0|29 JI2 3A0|0h. U=
Attt CHotd M3z SHEE Z4A=2 Motst Fordyll OIE0 2HotH Rall=E &2
stoz2 M s Atet=S =otILH

— Varadan, Varadan and Mas &teto g 2HMEl= wavefielddl CHGH XIS&E QI FIH AN HEHR
(wave function expansion)i CHE AtetsS MIAIGHECH 9 & 2ol X0IE S HEOIA &t
HOZ ZMole At2tAel HEHDE OFl quasicrystalline approximation(QCA)Z AtetXE JHA
ol ERaAo =ZAMZ A S Hoot L= 20|CH.

— Kim, Kanaun and Levin, d2l1 Sabina and Willis®l &%, Waterman and TruellO] HIetst &
S0 HE=S & 0|82 72 UH"'(effectlve medium)0il 2Hatd 2 OH&ofl CHst &
O|E HMICHOIRLE. R= HEOlet AtetXJb 8 OHECHAN ASHE 0| SEE2=Z HS0l
O O &AM &S B 80 R 482 e = As AHIE Lot 2229 T2
Sa HECHH AtetXte HAas LT 2IHIZ HASIH H2AIZCH =2 DM 440l

11) Kim, J. Y.(2010), Models for wave propagation in two—dimensional random composites: A comparative study, Journa of the Acoudtical

Society of America, 127(4), 2201-2209.
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HRU 2ME Z&st 2zl & [ AI=stC

- Yand and Mal 222 75 HEO0IE1 Waterman and Truell2l SHEX 0|82 SAIN &HE
A2l ZHEE HEHS JHEOICH = A(1)2 | 20 s &0l R5 HEoIEE &5
N2l &, SEHOZ HESole A2t BX2E HAR2X(Gaussian distribution)2 JHEGHH |
S I+E CAl 2oL eetdos UXME UTE 2= AXe 2X0 =2 F3SEE
2

— Beltzer and Brauner= & HEONAM OIs0l 82 M 018 &0 OHE UKL Z2HE
FII6IRULE =, 8EtS(visco—elastic)2] IHE2 Tol0d CIE Atet0l 20oLi= SAIN K& <
SE0 02 Is fdXe 248 o2 Dedol & %= UCH

- 2 HF0AM tII=2 DIMEX 2&20 oty 2868 s IJHALD A= Waterman and
Truell 22 Lloyd and Berry 222 HIE2=Z 0|22 T=o6t0AF ofUCH DIMEHX Xt
= 1 3AJIJ e &0 Z&EG6HA 2O0tM SHEE 2401 ER6tCH £8H, 1 |IXIJt S|
SOAM ZHMJUX LI H20H SHESZ HSeC) 2I| &=t olo et EB2&al i
0| HgE 5 U0 2246t =St Usdtet LS S EolCH

- 8 2410 20| =30t s Attt dtetxtel fIXl(r)2 28 =S80 JFR 2 2(XI(r)2tel
EBEHIISES LIEtWE OI2YEA o2 FOSHCHA (1). olt, Glwrr)E 2SI IS At
Xt AMOIOIA MEEle=E misgdAlel Ol &4=(Green’” s fuction), k(w,r)& Uk=(rad/m),

A Glw,rr)+ K (w,r) Glw.r,r) = — (Viogp(r) « V)G(w,r,r)+ 6(r—1") A1)

Incident field

source

[O& 24] CHE At XA AIQ] JHE S

- MEtUZ2REH M3 2dot=
A (r)2=2o 20l et H=+5 FAREZE JHEEI0 V()2 HSSH.
A

2= BHENAS Mts HE(G)d HF SEHHEZ BHM Us Mt &

Kb Ho
pa
e
>
S

12) Tourin, A., Derode, A., Peyre, A., Fink, M.(2000), Transport parameters for an ultrasonic pulsed wave propagating in a multiple scattering
medium, Jburna of the Acoustical Siety of America, 108(2), 503-512.

13) Derode, A., Tourin, A., Fink, M.(2001), Random Multiple Scattering of Ultrasound. |. Coherent and Ballistic Waves, Physicd Review E 64,
36605.

14) Chekroun, M., Le Marrec, L., Abraham, O., Durand, O., Villain, G.(2009), Analysis of Coherent Surface Wave Dispersion and Attenuation for
Non-destructive Testing of Concrete, Utrasonics, 49(8), 743-751.
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Al(2)DH Z20] LIEFHC.
Glw,r,r')= C?(J(czhr,—r')-F/G'U(u),r,—r;l)>< V(r) Glw,r.r")dr’ Al (2)

2 8t B19] Ab2H(single scattering@ = A& £ JAOU
MOl PEHE LMol TE At2te =2 0

H
= SHbkensemble average) JHES =6t LIS 4l (3} STt

=2 |0
M
1

r—ry)E ARUUXICH ZEHH AFREXIZECl Heldb R &2 I LM5Hs AetX
O 2t HIZ0ICH 4! (3)2 Dyson EquationOlct S2IM CHSAS =2 HUXIE Z&
ot Y= JtEI (coherent wave)Oll CHSH HAHE &g = UCL = &btensemble

Eot0d 2 A "|2Hd THincoherent wave)= 2420 JtsotCh B2 &AM
Oist =Ob=e-Tt SHUHAM2 Holle OS A (42 2L

|
m <
N
>
rH tﬁ

0f oter 2 o320 =3het OIMHXI2te A
ot Ot=sol MHEEN X #2 22, ARriui=s U=

&2 Hol=d 0l EPéj% independent
scattering approximationOlet &otH, AtetXiob gl= &Sl m==0lA Chs &tet0l Z2oLis
AHtX2Eel CI0IE JHXLD U= NRUEXIE HAHE RSO HES OS2 A& (5t 20|
LIEtE = UL

- &, B4g4E S0t €2 IJEIe HAs2 O0tXl S3st ZHXZAHUNA =ShHe 8%
=2 A =

-/ [e)
DHdispersion) e, CtE &tetez Qs LFE IJpbE Il 24

- Olh, < >D1&S= HZREH, k= US40l 2olie RS 0HE (effective medum)liMe 2&
oI==0ICH. RS0 2012 BEoet = d IS0l 8EEe= UXID AR 2ot =3
OHAHl 24 &= F2t2 20I6tH, O 28 WUA S AtetXiot SSotAl 210 SEEe2
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& IS0l Mg = JAs B2NHeE B2 A BZ2(mean free path, m)etl HO|SHCH
2 g ZR1)=E 08 A (7)) 201 REIHS2 d2=(An(k,))242] ZHHR LIEFLHCH
1
Al
2Im(k,) A7)
8 26= DIAMIEgXZ et =Sl Cr=4aHetol e JHES0ICH Crsatetol Tt OIEA
342 IIs0] AttXto S0t &H Atetle] /IXE ME2 =3I A LE HClotl)
ULH.
Ol Soll DIMEX s& =8 ASHel LNelSS HLSIUCH O 262 L& HE
SCOICH DIMEX s& =3 dsHel =A= O3S 20, M, 2 RH YdE =
SIE HAE Sot 0d B H=Sot B gttt SM, B0 gete AsE A el
£ 3ot =It= &S AW, =I+E A &S Aot B NUs BE2E &&6H0H
ST, OIMIXIS Atet HAZ JIECZ DIMEHXIL &l YEE HASHT
Regime 1: Single scattering Regime 2: Intermediate Regime 3: Strong multiple
multiple scattering scattering
Scattering medium Scattering medium Scattering medium
Transmitter ) @ | Receiver
(Tx) (Rx)
S ©
> —>
L<lig L>I¢ L>>1g
2 % s
0 5 1’0 0 5 10 0 10 20 30 40 50
Time (us) Time (us) Time (ps)
(O 25] Chsdtet HE S
* Mean free path
a . Attenuation lS average d-ista:ce 'travelled
R\,N} * 3D, 2D (Np/m) - - ::tl::v;:!:c'::\ll:eimpacts
‘U‘;H‘”‘ . « Experimental result . - 3D, 2D (m)
s « Experimental result
0- « Cross-section
n » Number density t . 3D (m?) !
i + 3D (1/m?) _ . 2D (mY)
o3 _5.4 12D {3/ )> « Theoretical modelling
(O 26] DIMIRX =& Lels HES
- 2SI O=sitetS Soll 2dst SSMEBMML ZAE HSoHH OIMEt XS =5 H=st
Ch 271 = DIMSIXE 724 80l XS0l U B0 HSE ST Mss EFEE
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15) Antonio, A. D., Popodla, O. A. M., Quyang, B., Saffell, J., Jones, R. L.(2018), Developing a Relative Humidity Correction for Low—Cost
Sensors Measuring Ambient Particulate Matter, Sensors, 18(9), 2790.
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17) Halder, P., Roy, P. D., & Das, H. S. (2018). Dependence of light scattering properties on porosity, size and composition of dust aggregates.



=X AIZ2dI0I&E0] £=3TH, &=5& e 220 Ul wFCH8)
Patricio Piedra(?019)= ZAt2tS J|BtO 2 &t OINIBHA Y 2839 Matds TIeH)| < oH
e M2 TE 2= IR X LA HAE Zatet THE! J1H &8 2elss &
Z3C 24 282 sUM, B, Aed, SEM, 2eE SEXME 2EAEH JA2H, O
T STAH, TaHe S Ao e Deks Qdalst 210|CH19
BAMI
; " r=075 N o= s
BAMI
- 0EY N 1024 F-08d Noe 024
[OE 29] 28X AIE Edl =
A X SH0IF(EME 0|26H0d AEst X 3D|0 CHe ¥ S HZ2E 2~ U&= AA
gt XMNAS A BN DIMSHX Xl &4 HO0IEE =& ol DIMSHX Xtel A
 MET =2 A HOIHE £Z60L tie2 EXF =0|0 & 8tdE2 S LACH
SHTAF L AEHSE Soll 20 OIAMSHA 4 HOIEHE AetEtd =52 /8 JI2 UE2
2=},

10um Mag= 875X Noise Reduction = Drift Comp. Fraréigngl BusynLens Date :30 Jul 2020 10 um Mag= 875X Noise Reductio = Drift Conp. Frartignkl BusinLens Date :30 Jul 2020
EHT =2000 KV Scan Speed =2 Aperture Size = 30.00 pm  Gun Vacum = 255007 Pa } - EHT = 2000k Scan Speed = ﬁ Aperture Size = 30.00 pm - Gn Vanmm= 2550001 72
WO =103 mm N=120 High Current = Off Sy Vacum = 07604 P2 WD =10.3mm N=120 High Current = Off Syt Vacn = 7160043

(O 30] EEX SEM 0I0IX

18)

19)

Mehri, T., Kemppinen, O., David, G., Lindavist, H., Tyyneld, J., Nousiainen, T., ... & Miffre, A. (2018). Investigating the size, shape and
surface roughness dependence of polarization lidars with light-scattering computations on real mineral dust particles: Application to dust
particles' external mixtures and dust mass concentration retrievals. Atmospheric Research, 203, 44-61.
Piedra, P., Kalume, A., Zubko, E., Mackowski, D., Pan, Y. L., & Videen, G. (2019). Partide-shape dassification using light scattering: an
exercise in deep learning. Journal of Quantitative Spectroscopy and Radiative Transfer, 231, 140-156.
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ot =8I &Y JHel, 25 &8 9

£0) = —Py(w,r) (17)
s AXexp(i,ko,r)
- 2NN 2EEE S 2t g0l QI=oll, TS A (18)1F 20| 2= 45 ZE 249
210l Cioll 222 0|8&Hol set HEZE =8 = UL
27
0—/ | £(0)*] a0 Al (18)
0

- A XSO0l 1pme! S OIM2HA fAte FOot+8 &gt BX2 UsS) 20

1 0.25
0.8 : 0.2}
0.6 1 0.15
© O
% 3
=} (5}
0.4r 1 0.1
0.2f 1 0.05
0 : 0 - .
0 5 10 15 20 25 30 0 0.1 0.2 0.3 0.4 0.5
Frequency (MHz) ka

(O3 33] BHXIE 1pum 3E O0IMHXS =M At HE

(Lh) =Xli&2 o|=sh MetHA &

[t

M

- 0|4 (Analytical solution)S Sot0 AMEtHAEZS Fote YHS OIASHX L2 e BH
a9 A0IAU, XA ZB2t2 F0AME HE0l T, OIMSX A2l SHEHO MEtol E=HEt
Ch.

- A & S01Z3S Sol 25E 0IMEX X2 J|steA Brd HI0IeHE Btg$2=z =Xl
A2 Soff AN a0 = detHEs ST

- =X 2 RetxE Y (finite difference method)2 JI1BteZ =3I HS0 s 2-D AlZH0]
& W2 E#HOIUCEH HA U= Matlabd|BF k-wave toolbox20E AFZGHACE k-wave= 10,

20) Firouzi, K., Cox, B. T., Treeby, B. E., Saffari, N.(2012), A first-order k-space model for elastic wave propagation in heterogeneous media,
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2D, 3z NMItEHeE S 0|
- 18 3= =XIof&ES Oolgst stet HE &= HEEZ0

o AlLtelee= .

1) DIHID*IIDP = 2% (bare medium field)dt SHLES| DI A2 Xi(scatterer)It EMole 2

(farfield & &GN 42 Its &Y AZdI0IAS JARMCE Ol DINMSHX a2 2=

CIOIEIE Dlgtez 2 =St GPUIIEE AlIZ2H01SE A S =SHRULH.

2) StLESl DINHXIE JIELZ farfieldil FE2Z HIXIE HANE Sofl Atetoll st 2%

&t=(angular dependent tern)& &Lt T EE &2 HIECZ MM 2SO0l ol =260

OIMISAX 1JHOl CHSE At X

X (scattering cross-section)S
3 o DBE CI2 DIMBIK AN CIol0) Bh=oin aereix) Ciet ClolEl P52 =6
O HEHES JtALD U= &0l 26t SH S4StCt.
Bare medium field Far-field
,075 |—~Sensors ,073 |—‘Sens0rs ‘

r Scattered wave

x-position [mm]
o

X-position [mm]
o

-1 05 0 0.5 1 -1 -0.5 0 0.5 1
y-position [mm] y-position [mm]

21
= fo |f(8)%|de

4

At 04 &

(L il

TE HEE

A

(08 34] =Xai&dS 0

=
=)

o

- 18 3Ba= XA At=2E OIMSX & CI0IEE LIEHHDH =XIsHA0 AtEE OIAl
X A2 HE BHXS0| 1uml HEEXHStandard particle), EF&E & XHEllipse particle),
AL S MO ™A HEHSl AXHTwo circle particle), At X S0|1HEE Soll &= 45
29| AH OINMHXIS LXHSEM partide)Z2 & 6JtAZ 2T QULH.

OIS Xl EEHC HIOIHE HIEo2 485t &XoHA Z2UE B E=CH.
202t 0|24l (analytical solution)S Ol o4 LH
F AS0A AIRS F_ 5MHz EHOE'OH MOl Atgt WA E Y| WotRCH Atgt ™

Jurna of the Acoudtical Sciety of America, 132(3), 1274-1283.
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1.48pm

2.62pm

Standard particle Ellipse particle

1.82Zpm

3

2.22pm
e

Ex
Ak
<+

™

~

SEM particle (1) SEM particle (2)

Two circle particle

SEM particle (3)

8 -
— — —Standard particle
Ellipse particle
----- Two circle particle
B |- - ~SEM(1) particle vertical ”
- SEM(2) particle ¥y
. SEM(3) particle S
= 2 i Fé
Ea4 Analytical solution LA
<]
2 L
O .
0 2

x107®

=

= 2IAN0E REAEES ISR
AULH

36] OIMIHX Atgt2 e
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(a) (b)
[ 35] OIMHX SHAOOIE ¥ ==Xlols At
(B 7] At2tHA Hlw (BMHz )
Particle shape Cross—section
Analytical solution (Circle) 5.88 <10
Standard particle (Circle) 8.59 <10 *
Elliose barticle vertical 5.56 <10
pse P horizontal 1.12x10" ¢
, _ vertical 1.07x10" 8
Two circle particle ; s
horizontal 7.37x10
, vertical 13x107°
SEM particle (1) , 6.13 10_8
horizontal 1.01 <10
, vertical 34x10 8
SEM particle (2) . 134 10,
horizontal 1.23x10° 8
, vertical 94x10"?
SEM particle (3) : 9.94 10,9
horizontal 7.71 <10
1.5) OIAISHX] stetd ==
o 1-pixel model
— Standard particle
OqBiRARnE = L
1.5) OIHIIR| A £ > ki iy
> o e e ] L e

-

=
—=




AW, s&0 e =2Me O At E 2 2ESHOX & DIMHX LXE AlIS01& 2
orid® 1 pixelZ2 XI&t8t 1—pixel model Al2dI0|A&
EM, OIMSX & 242 Sot0 L2 ETEAXNE ASd0lE0 AHSSHH 2Rt &
A0 et HE gtel @XE 2F 5t 8 standard particle model Al22l0E2 2 XEHFHA
Ch.
H 8= AlZdIoj&0 st 2=2e Ha5S Helst 24010, 1-pixel model2l 22 I =
OIS SEE 1%, 0.1% 0.01%= SHFGIALH, OIMSX LXt & MY gid 1z &F
OtRALH It =Flfr= S =1 BMHzE H= toneburst dSE2M H2 HEQ =l
(oroadband)E E &Gt RUCH standard particle model2l Z2< Il & 0IMEHX s&E 2, 5,
10, 15%=2 & &FGIAULCH JtE& F= 1-10MHzE 2= Chirp AS2ZMN £2 HE2 ==
(oroadband)E E& Gt ULH.
S AM2dolE 25 OIMEXIS RAX= Al2dlolE Z32H0 SHESHAH BHXIGHR 20, OS2
M2 HWHOIZ HAFOIQUCLH =S IHs2 AISH0I&ES BHAML o2 Ololl afl4lol O
20l JUCH O0IE HMAHGHI <o Algelold 328 S0l MED= IS8 S+otle S
(Perfectly Matched Layer, PML)S 2L GIACH PMLE 24 Hix= 20p/mE A A GHACE
AMZ2dI0l4 Z00l tist dSHels G833 201 MHEAJACH =& st oI 0l ot E
ghats Moty HSEol IlsS SESH0H Felol BHEtE AFE0tH Al2t S99l HI0IEE
=t FHEOZ WSS HEE Flh J9o MssSsS dM9 X0 Tt Its &S
M=o HEs ot IA0AM ZSHC 018 48 zANSHE Sol 2SS AHAHSHCH
ZA S0 HAHE DM X0l Cist atet HEg Soll 3J1 & 0IMAXIe =L EE H
ASHCH 9 IR E2 O 373F 20| oA &M LIEFLRICH

Sm (x3,1) Emg

| Ensemble averaging I

!
(s(x;, 1))
]

Fourier Transform to obtain
magnitude spectra
!
($(xi. )
|

Linear regression to obtain
attenuation over frequencies

I‘ lNA A

t

|

u

Fourler Transform

Computing total scattering
cross-section

' l
a(f) \ a.(f)
Computing number density
based on ISA
l n
a
n ——
O =55
(8 37] OIMIX == AESHel Iy
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=

8] 1—pixel model, particle model AIZHI0I&E & &

2k

Simulation Parameter 1-pixel model standard particle model
Number of grids (V,) 300 25000
Number of grids («V,) 300 1000
dx 6.86um 0.057um
dy 6.86um 0.057um
Total area 4.24mm? 0.081mm*
time end 20us Bus
dt 2ns 0.0166ns
Number of sensors 60000 (200 300) 1050 (35><30)
Input frequency 5MHz 1-10MHz
Input type 3 cycles tone burst Chirp signal
Wave type Plane wave
PMLSize [20,0] [100,0]
PMLAIpha 2 Np/m
CFL 0.1
Pair 1.2754kg/m?
P fine dust 2650kg/m’ 1050kg/m®
Cair 343 m/s
Oh DINYX s&0 T2 C= &gt AIZd014& (1-pixel mode)

- ReXEYEE I8tz &t 2D U= 4tet 2O 1—pixel AIE2dI0IE &S O 3801 LIE
LHACH "HHIDIE OIMSHXO Zete HES S0l et OIMEXIS BHE22 TIs0] A
gtol= WEES 4H= = ULL 0IASEXS 200l g Os &gl X018 2EY = U
UCE o AlZ2te 2 2 @2 22 36=0ICH

: *? postionfmey ) P posiionimm) ‘ ! B g ‘
(@) (b) ()
(08 38] DI 200l G2 CE argh Al2dI01E;
(a) 1%, (b) 0.1%, (c) 0.01%
- 8 392 AM=dIiolE B2t x= 15080 =0W/A= 200002 AS0l et Als=H =
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(B-scan)OICt. & 382 (a)Q 2R HASAES GHAl 22 A529 B-scan0l2 (b)2 22 &
DeAtS 3002 @t A1S 9l B-scanOICt o &atES Sot Jtale] Z2Hol HiXIE 2=
HANA HRECE MEE = JItE IsS SO &olg = UULH, =428 b2+
o Its2 AtetdsS &olg = JU/ULH It ms0let |12 f1&0] &8st ItE 2okl
Sclg 2to dZ2HE Lo =20 OIMSX s=E HEEtth b2ty Its=2 21 3
SHAECZ HIXIENH A= OIMEXZ et Us A2 YHMol= S 426 AZ AL
2 JtXNl= TE Lstit.
300 B
250 £
. o 320 4
50 '
o
(a) (b)
(D& 39] W7 s&toll 2 B-scan
() &3 & Oz, (b) B & A5 S8 Oz
- AlIZdIolE 2 JHN 39 S& U0l SMHzE A2 2 0IMES X 208l =0l CHet
QI ZWE H 90 LIEHHRULCE DIMSX i 2= 2-D Al2d0lE S2F tHHl 28 R1d|
o T2 =2 HAZ 1/mm*2 SRI0ICH Atgt HE ()2 2-D AIE0I&UA mmel &
FIE H= 4t BHEOZ XI2E[(H, 1-pixel model AlZ2dI0l&ENAM=E OIMERIZ &8 el
Col MUY HEES SIHHHEHECSZ adtel = Jlatel XIEE0 58 &2 1.37um 22 It
ZotALH 2 20HI0 iEYdle X i LS &2l = 0.7 20 2492 AT ACHE
5 97%).
[E 9] 1-pixel model AISAI0I& 2 BMHz, o = 1.3Tum)
Volume fraction 0.01 % 0.1 % 1%
a(Np/mm) 0.0038 0.0236 0.2569
l,(mm) 263.2 42.37 3.893
n_exact (1/mm?) 2.12 21.25 212.5
n_calculate (1/mm?) 2.78 17.24 187.62
error (%) -0.7 4.0 24.9
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(LH) DIMIS X s&0 2 Us stet
— standard particle model AlIZdl0
PM102| OIMIEHX XE 22 2,

Sd0l& (standard particle model)
2l N2 2 4000 UHEHHRACE. AlS
|.

diojl&g=2
. 10, 15%2 2 1Il8l=2 BHXIGHH XEHGHRACH 2+ S IIBI0

O

ol &ol= OIMSIRIS == 202 259, 647, 1295, 19420H0|Ch

standard particle model2] Zd% HZ= LAtC FAS ASH0l&AN 2HEIMI| 20 1-pixel

modelOfl HIoH dx,dy2l SOt 21, gridel ==Jt ROt oH&0l =2 Al2H0l ARECH AlSd

Old A& AlZtS & AIZIDX, GPUE 9“\"§P_FO4 LISHACEH Matlab2 NVIDIA CUDAE

KIAGtH GPUE 243te &= ULE CUDA= GPUNIA 3ot HE el 20elEd2 C X2

TJeHIAHAHE ALEotH &dg = U= JI=0ICH k-wave toolbox= NVIDIAOIA  JHE St
MESIH C Z208=S GPUNIA aldie == ULt ofd Alt2 &

CUDA SDK QIEHIOIAS
oM Z 24A12101 ALECH

Excitation signal

amplitude

Model1

Model 2

Air (background medium) Fine dust particle (scatterer)

le—>i
10pm

[O2 40] standard particle model Al2dI0/& 2L JHsx

- 02 4110 20| ASE 2t 28l 220 ol 35x302 AA of2llolol 2o =& A2
O, & 1050002 MIMZRE HFE As 2242 SEoIRUCH de= IS /40l LEE
H=XMOl IHS(coherent wave)2t CHE A2t Z Qlo 2MSH ER =Ml 2AS JIX 27
MOl ItS(incoherent wave)2 AT QUCH 2IOIH 2%0 CHSE AlS 2t 6032 HRE

AS THE ASOl MESSEH DYZE 07 399 2L
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Coherent

Coherent

30 waves |l |"|‘i||||| :|I|'|I'. ! 30 waves
., _[Stemand I " Ml W 0.5 i (ot 05
2 25| propagation) Julii hfwﬁ uin il 1 i —_ e 25 f PEODECRKON) =
g \ 1I“ || “q 1||\l|J lJJ I ""‘Ill:uuli ‘E g g
= 200 "' 1; |'| Incoherent '|”'|]'; 0 = zZ %9 0 =
2 15} il gt waves s 815 =
= I fi IH ‘I‘” I“:”Ili "n g & £
Srop S .l "W“Wﬁ (] PP RT
| i 1] - ’ J
5 1 i _-‘-?ljtl‘ :.: l‘-." 5 )
M ,"'i‘.ll I'""}\llrllsllil i i I i
0 2 4 6 0 2 4 6
Time (us) Time (us)
(a) (b)
[1& 41] standard particle 2% Volume fraction model B-scan 0| 0| X
() A=A JZ, (b) EEEAME ASSEA =
8 41(0)0l LIEFURJlE ARl IS CI0IEE AFZE6H0 AHAS 2AE2D 01828e=Z
Hetst ZaE82 8 4100 LEFECH =02l SOl e HS5E0 Its HI0IEHE AtS
St ZA= OIEXHC ZA=E2 &It Z=MIE dXlote HE2 BHST
2.5
—&—Data
2l ——Data (smoothed)
—Analytical (ISA)
§1.5—
z
; 1F b
0.5
04 . . .
2 4 6 8 10
Frequency (MHz)
[O& 42] 20lHl 2% modelOfl CHet A0l
s ¥ 0I2HC ZA=
2aglo e O=s st 228= Sol &= OIASX =& eSS Soll HetE i
= & gt @XEe 8 430 20 2080t St tet =8E e 2L Eo @
= Sltote &= Bl 2 HP0A &t 2ai8l2~15% = MAH 224 J122
JIE X&(Goug/m*)2 Z=ote X010 AN DIMHXICl £IHl= 1% 0I2H0ICH Ol
JHE &2 2IIHIQ! 2%E EeI6tES M M3k S (IMHz 01ehHg Melstd =& i
= ST 2 IXE M s 2500 2-MUCH  IMHZOIA 10MHz AtO[2] 2 X2l
B2 478%0104, EAgt2 5.88MHz0lA 2.95%2 = LIEFSCY.
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2) TSI 20l 5F ALY S L NS 57

2.1) ZSTt 20l EF A2AE 2=
21) 20| SYAALRE |
(A1 Ultrafine test dust, PM10)
[ 4] =St 2101 S8 AAEH 2= 28l DAL

- DIMEX s&0 et S22 E0ARE=2l Asgd =E 20IE AL =F AIAES A

AGHQICH O 452 20| OIMS X & AABES ENAZA, 2lAIH, DCR2E, HEE2], E

HAFZ AL 2IAIHE D ZY ez 2HAENH JULH DCEH= 2619-024SR1 3242-024CR=2

ANZ0IACH DCE2HC ANEE= & 90 LIEFLHAUCE
Transducer

Transducer

Receiver

Y i. -

[OE 45] DIMIBEX &5 AIAH

[E 10] DC2H AtY
X5 Y =
Alg|= 2619-024SR 3242-024CR
HE Ml 24V 24V
DE M 1.22W (100mNm) 31W (41mNm)
7|04 112:1 68:1
oz E2ERR! Open Collector Open Collector
ANaH M 5V 5V
oA HA 16 512
EETE] X 0 (24V)
| HEZ2H0ICH HEEdH= EHAFAHML JEY =&
&F 0lsol=s HE, Hel

8 462 DIMEX =58 AIAES
[0, 8& BHHE, N&EE Helol

S 0lE HelE UEE CIASY
B 210l NS =0l 23 015l HESE IR 0UC
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Power Button

Manual Button

Forward or
Backward

Button
Forward Reverse
Button Button
[O8 46] &2 &4NE

- N&E DMK =& AAHES Soll =SS0 OS5 atet A2 oA CH A& 2 400mm
X400mm><400mm2 Ot3E HHOIA MASIARALH, HBll= WSE OIMEHX =2t= <ol
5000RPM2l M= 42t A8 = 2&%4 Ss£E =&FotJ)| foil K-weather IAQ-Station-LTE
& H=IIE HiXIoHALY.

- 28e 3 D SF=2 03 BHO OIMSH X 0g, 0.004g, 0.008g, 0.012gS5 FOHGHH &
sl ™D AQI2 AL SE0AS A= NASHRULH AN A2 U2 O 472 20
TS| LY,

- HHE 0|88 =3It 20l =& A28 AE0l= A1 Ultrafine test dust(ISO12103-1)E A
SOIUCH, A2 Xt HAS EI5H)| <ol =At &4 S0IZ2 AFEotIcH IO 4801|
M 2 = UX0l Al Ultrafine test dustel 3& &HEZ2 10wm 0|2HOIXISH, =2 H0I Sat
2 JtX1 RUCH.
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Reduction = Dt Comp, FrarsnbiRusslens Date 2 Apr 2020
Agerture Size =0 00 pm s s 0w
vt Vo 450 5 |

10 4 ags 1EIKC o
EHT = 1.008/ Scan Spe
WO = 34 mm N=120

High Current = Off

[0 48] A1 Ultrafine test dust SEM 00| Xl

>
i
Iz
09
%o
N
Ol¥

- 8 50= =S 20I58 AIAES I OICH AIAEIN=E =3I JHED|(Transducer) &
241D (Receiver), L2lIE L MI|(Arbitrary waveform generator), &S Z=J|(Amplifier), Ol
Ole #=&JI|(Data acquisition)22 ?AECE =St JIED|Q B 5MHzZ F?FoIRULCH Ol
31 = 10um OIMSXE &tetAlZ = Uz FOF=2l AMHz2l 2F 1601 oY ot= =1t
=20} Jt&D|0l oHEStCt.

Movine
>| Transducer |eeeeesee| Receiver
Ultran NCT5-D13
Nominal Frequency : SMHz
N
Amp DAQ
E&I 2100 NI PXIe-1071
Frequency Range : 10kHz — 12MHz
Waveform
Generator Computar
Keysight 33500B
[O& 50] =T 240l & AIAE T
- =3It 210l B AAES ASo =M= S 2Ch =M, 22 mE LMI(2 51(b)
E 0185t IIE2 YEHE CrECL =M, ¢E MES &S S=I1(28 51(0)E 0I1E56tH



of GIOIEE ==& s&tCt. UM, IOl

u
o
B
=
W
i
[m)
vz
=
o
>
[
>
fol
rr
"
>
S
i
O

SHI ARYG

(
[0 51] =20 2101 FF AlAE 32F
)

(@) Transducer, (b) Arbitrary waveform generator, (c

c)

Amplifier, (d) Data acquisition
- M&EE DIMEX S ALEUAL Ha= EMARAL SlAIH AHOI2] H2l0ICH E At
S22 z[A ZO0IE &I| UE DM =& AIABS Hel 2t&A(d)2 300um =2 EE Gt
ULCH 2 2HA0A B gatsS ol O0IH =&2 108 Bt=6t, g & T 120012
HIOIHE =& oLt

[
B

e
o B ol
B

o o
=
On ox @
19 o
&2
o
—FDO‘I
LIS
g =
—t|:| IIII
- |
i+~ 3
09 30
|0
[
[w

lo
10
njo
44
E_I
N
2
x
]
[m
=}
i
X
0g
[

i x103
sn(xi,t) & 05
£ S
| Ensemble averaging | 3 )
(S(xi; t)} _‘5 10 15 20 25
Time(ps)
| Fourier transform |
l T 008
":'304
(SCxo ) i
1 guaz

| Magnitude spectra |

!
A(xi.f)
|

Linear regression
using the assumed model

|
a(f)

b )

1051

#(mm)

ol

O 52] 248 &2 A& dsHel HeEE

r
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0.6 1 s 0.15
G | |-o--45MHz
0 oA S P ] 5 MHz
e T -5 5 MHz L
= ) i L i el [S— 6 MHZ 01 !
£ 02 £
= 2005
GAf sl raasess B i i ;, 4
Df‘/’/_’u—_\j:
01 0
0 2 4 6 8 10 12 0 2 4 5] 8 10 12
Mass (mg) Mass (mg)
(a) (b)
[0 55] =0t=0fl 2 OINHX S0l st 2a2
(@) Oid =Tb==0fl CHSE 2ZAE, (b) o HANAS Bz 24
CHol OIAIZ XIS S50 =2 el A% OIMYX s&Jt E2 AHAMS A8 &
OIRUCH &2 B DINHX sZIF Bug/m*0IAU2H, &2 SEHAX &L AUoAS DIAl
HI sEE 2I|RH K-weather IAQ-Station-LTE &t& HFIIE 0|23t PM102 s&2
SOIGIACEH SHE PM102l s&= & 56(@)dt 201 A2l B 170ug/m’0IAU2H AU
HZ 20ug/m?OICH
AlQIet ALY AEH ol Ciadter L 2 nelss Sl &= 24Me 18 56(0)et 20
OIMIEHXIS s&I0F Z2 A0l Hioh OIMEHX sEIF =2 AUNIAM O =2 242 22l
Ct. DINMISX E¢=2 S8t Ot HHOUAS g A2, AN e AdE OIAEHX 2
sEI =25 dHEQ It =AMt HE6il=e XS &g = UL
250 ‘ T T 0.25
—PM10 indoor Indoor
—_ =—=PM10 outdoor 0.2} = = =Qutdoor| |
=_ 200 1 :
£
2
=]
£
T 100+
8
5
QO 50t i
N P e e i

10 20 30 40 50 60 4.5 5 55 5}

Time (min) Frequency (MHz)
(a) (b)
[O& 56] =0t 240l S& AlAE AE AW
(a) AU, A2 DINIX =s=0OIE), (b) AL, A2 A0 e 2= (He)
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3) GUI 2AZEY 0 N
31) GUI AZTEY0 M

- WIIR(28%, CO, ZEZHGIS, OIMHXI, VOCs)E AAIZICZ DLIHY L HIO0IE ME
2 & % = GUI(Graphic user software)l|Bt ATENHSE NLSIA20, 12 5701 LIE
LH RACE.

ls Ilssﬂuﬂ-m C |
- CH71E 53 A2H" . Smom

5"

- OIERINO AtE2E A2 HSEAFE D Firmware2t &AL 2t S4AI BHAI2 ChSF 20
- JHeEE UIIE =F AMABS AZE = O30 20 2 dAS SHES AAlZe=2
ol £ 2, HS A2t 2HA2 1x0ICH &8t H=E g2 Msez2 HEEH == O
Ol E =028 &= ULH
[E 1] dA NS AE
= MM F/W to A S41 2ha TN k=
285 HA DHT22 12C Temperature
Humidity
CO,—State
CO, RX9-Simple ADC CO.—Step
CO»
— Formaldehyde
290 = MA
EZEUH|S|E MM FS00501 UART Formaldehyde Range
O|MHX| MA PM2008M UART PM2.5
VOCs_Dummy1
) VOCs_Status
VOCs iAQ-Core [2C VOCs_Dummy1
VOCs_tvocs
- HACe B R L =H A2 &S| ol Firmware?t SoftwareE oA 20, M
& ZZE, AN, FWS SW 2te] S&l gHAl2 Sk 20
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T Ny SAE 7Het 1o F/W to S/W S41 24
Nucleo—-F411RE IAR Embedded RS-232¢ to USB
Firmware ARM 32bit Cotex °
4|
M4 CPU C &0 115200bps
Sof Visual Studio 2019 o oot
oftware 'sual Studio Net 4.5.2 1% 712 tjo|gf %7
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Lt. AHSI=IHAIEH =S 3
1) 71 &713%| > 2) T2 UE A|AH > 3) Z2|LE| A AH
g XA M “"EI"

1.1) = OHFEO| A x|

......

2.1)2URS HZ/BX

N 3.1) E713X] A 50 n2
i ClUE AARH2 S2HAS

T\ AXIQ SH EA WE HEXA
v
12) 252 Q3 L 22 EIERNINE 9l 3.2) 7] 2AKS0] IF 2
817|210 S 2 FA Fxo| WE X5} £ 5 TRME| AJAS N8 52N A5
................................. i
1.3) 71484 817 |24%| ) 12t A 3.3) 27|587|9} TelmE AJAH9|
WE 530 2 MU 0K EIE » 29)EaERAsgEeY O MIBIX] Kzt 2 ol
[O2 58] HPMY LR 2AS
1) JIE E8I|&X| SEXA
1.1) 2L OIIIEN &EXI= SI|IEXIC E& XAt
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- AES R8I M= ES)|AX9 EXS Wol)| ol 334 IIR(2SFE 2004, &@=
FEHB3INE &GN EIIEXE ZLES HEEZE Hs2 LIAGIRULH ZE2HOZ HHEFE
It HDolH OMHIIEN=E MAs2 &I|&XI0F A2 €2 X0 AIZ2EN A0, Of
IE 01212 &et, TNt &2 S8 SIIEXIOt Hel =HokAl (£ULCH

- £5| AU THA XS HZH H&ks NIXe PM25 = HA=EZ22 J|LAs0l 2o A 20l A
Az KeTs I O2)] HEd2n2) 2 AR M= blower door testES Soll HE2
ol YA ssS ESHOIYLE O Z2W OHIIE= ACH@HBh-12 SXIE D JUX| 0 CH=SZ=EH
U BEFE2 J|IdHs BEI 2 202 SOOI UL

[E 14] SsZAF A=F29 21 gt
= = oo N = EEERERE JgC TE == .
s | 22 o 2xos =zl RIS ey Hg A
a3 o

A G=xo EEES 2019 160.0 465.2 0.09 H13

B p=xo 22x 2018 877 2745 032 H13

c otme z#2=32E 2019 127.2 305.3 134 H13

D otmeE #o=gpE 2008 116.0 290.0 2.68 H13

E otmeE #o=gpE 2008 116.0 290.0 2,68 F8 ee 1y

F o=xo so=gpE 2016 106.3 3343 166 F7 ==

G o=xo #o=gpe 2016 106.3 3343 166 M5

H otmeE =#2=232E 2008 116.0 290.0 268 M5

| otme =#2=232E 2008 116.0 290.0 268 o8|

J otme PEEERE 2012 169.0 388.0 274 28]

K o=z sax 2015 100.9 386.7 0.62 - El L Hé3/§)

L osxe EEEEDIS 2015 136.0 597.1 1.30 @i A B, 22 31

M o=z sax 2017 250.0 778.0 0.54 (= EﬁZ!.*/ﬁHg/i)

N =EELH =223z 2019 47.87 11488 5.76 ¢S [ Hi3 22 32)

SSTH [y = . X . (gE‘lu—\l’ﬁ @/—?—) =T
0 otme z#2=232E 2015 30.85 78.2 6.49 @Y% =) =2 33
H &3 oI

a ofme Fo=ogE 2019 942 261 217 o = g

b otme PECEDI= 2010 151.0 377.4 2.0 o & gig

c G=xo saax 2014 150.1 400.0 223 oS

d EEETR z#2=232 2019 56.5 1356 082 o=

e EEETR z#2=32E 2006 68.4 215.1 3.46 -

f cexe s=x 1988 179.0 537.0 351 -

g G=xe 22x 2017 843 263.3 5.42 -

h otmeE z2=32 2004 183.7 384.2 5.42 -

i EEE TR EEC RS 2019 479 114.9 5.76 -

j ZE=en #o=gp|e 2019 17.9 411 6.38 -

K =EEE z#2=32E 2016 309 78.2 6.49 -

| otme =#2=32E 1988 56.9 131.6 6.67 -

m =EEE z#2=32E 2019 206 68.1 7.93 -

n o=xo s=x 1970 885 2214 9.20 -

o EEETR #2232 1991 0547 636.8 9.81 -

D o=xo =ax 2010 204.0 670.0 10.03 -

a o=z ==x 1972 180.0 550.0 17.74 -

' Do Ho=ap|E 1989 0547 636.8 2428 -

* BSFEH -, OIS X 100AICH 012tel Ot E
1€t oS A &t : 2006 Ol =3E 100MITH 014 SS=E (OIE)

21) E. Diapouli, K. Eleftheriadis, A.A. Karanasiou, S. Vratolis, O. Hermansen, I. Colbeck, M. Lazaridis, Indoor and outdoor particle number and
mass concentrations in Athens. Sources, sinks and variability of aerosol parameters, Aerosol Air Qual. Res. 11 (2011) 632-642.
https://doi.or g/10.4209/aaqr .2010.09.0080.

22) F. Wang, D. Meng, X. Li, J. Tan, Indoor—outdoor relationships of PM2.5 in four residential dwellings in winter in the Yangtze River Delta,

China, Environ. Pallut. 215 (2016) 280-289. https://doi.org/10.1016/j.envpal.2016.05.023.
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23) C. Chen, B. Zhao, Review of relationship between indoor and outdoor particles: I/O ratio, infiltration factor and penetration factor, Atmos.
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2) DRIBE AAH HY
21) ZUHSE HA=0O=2X Ty &8 XA
-2 K 2 HXEAIS =2HOIA & 2= Sdll 2 sI03X2ECE RELY
e TEE O HOl LIS ZEl ZRSYS SHOISHATH AU #0250 ZEDH A
=2 32, &l OIMHX &M 9%E XtXlot= 1.0um Olotel OIMHXLES Dedstth
020 ENFE S3 E100/49 H52 2E= HELHE ARSI 2001 384 AUD B
Ct=IC}
[E 15] 2 9 A=0O2BX ZH 28
oy & EZEN) | MEJIS0E | =4
oo B & : Special synthetic fiber or metal (Metal)
ZElEH Gl ~ G4 A 10 umAs|o BIXE HNB| 9 x| L
- _ & Glass fiber
nl&2E F7 ~ E10 X 1um OlAfo] M2 H2l5t7| 9|3t S7F T
B S 09.95 % oMY @ EES 2=
R 3 14 N 0.3.mel A%+ 10 hf 99.95 % oIl ¥T 28
188 ZH
of OIAF Z7]01A 99.999 % O|N9 ZF EES Z=
R PR N 034 el 9% T71011 99,999 % 015 =8 &%
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- WA KA (2 917], SA dA, of e 52 dAf, 7] £ 4
ZtEdH G1 ~ H13 X WA 9 fmLjof 9l OIME Lrslcet 2 S A M
I HE{o] BHIIE FOISD] A BAE 28
e G3 ~ M6 0 Melo| 23X Yojats 2y 29 °F 2AS YMI|No=
= H A
2.2) EIIEXI0 E=06t)| et XXM EHHZXE ==
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- 2 AFA0NM= EII&8X0 AE2E 2280 e XIE=2 HIlok)| fof KS B 6141+ & Ol
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41 HEE 1IeE ZEo g8 &HZTole AMEge=z, 03 un o PMMZESESE JIESZ
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[T 16] KS B 6141 ZHASEI} R0 02 ZE 58 L UaA HIIZD
SR 03 amOl N9 B2 EEES 03 unOMSl 58 | gmrn (pa)
(£ mm) (%) (£M, mm) (%) e s
M (30) 2.0
M (50) 1.4 G(20) + M(50) 2.4 —
F(30) 38.5
F(50) 81.0 G(20) + F(50) 83.6 —
E(30) 62.8 G(10) + F(30)+E(30) 83.0 136.1
E(50) 79.7 G(20) + E(50) 86.6 105.5
G(10) + M(30) + H(30) 98.3 143 .1
H(30) 97.0 G(10) + F(30) + H(30) 99.0 188.3
H(50) 98.3 G(20) + H(50) 98.1 172.1

M: M5, F: F8, E: E11, H :

24) Park, H. Kim, H., Kang, K. & Kim, T. (2018). Analysis of Sze-resolved Characteristics on Indoor and Outdoor
Apartments, Architectura Institute of Korea, 38(1), 384-385.
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1 AIAE LHE2 OIMIEHX PM2.5 201 A Jl(Mijia PM2.5, Xiaomi, Beijing, China)
O] ZE XS S & Bdug/m® OIA S = 1ug/me 2, 99.98%2 OIMHXIJF EH
H =

get gaoz =HotdE M, PM101t
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10um 56 0.5 99.10 - - - 19 1.5 92.10 1 0 100

2.5um 50.5 0.5 99.01 34.5 94.20 18.5 1.5 91.89 7 0 100

0.3um - - - - - - - - - 111505 87075 92.19
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IOA 0.96 0.94 0.98 [OA 0.89 0.79 0.95
R 0.93 0.89 0.95 R 0.91 0.89 0.94
[MS2 21012 BRgl - [S22 &2 0|eS J|7]] 2t X2
gt X gt x| CH gt gt x| gt X[ CH gt
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!ﬂ = zi Development of Fine Dust Measurement Method based on Ultrasonic Scattering

Hijin Choi' ™, Ukyong Woo', Jinyoung Hong

PR

Abstract: New concept of fine dust measarement method is suggested based on ulirasonic scarering. These days, fine dhust has been social problem
in Korea, and many resurches has been conducred including the srea strucural maintenance. Conventional measuremen spseem such as optical

scatecring and d hasa Lrnu rmm factors like relative humadicy. H warves, which
perturh mechanical 4 delastic constants. Using the ad the algorithm for fine c isderived
and evaluared using 2-D finire difference mrrhnd “The numesical anal ulerasonic 1 medium
ke fine dust in air d and the cesul exmr of the algorichy I {0.7 and maximurn

of 24.9 in the number density unic_ It is shown that. cross-seceion of fine dust is 4 key parameter t improve the accuracy of algorichm.

Keywords: fine dust, particulase macter, stmactural maintenance, ltrasonic, scarering, sensing, numerical simulation
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= .'AI Evaluation of Ultrasonic Mulfiple Scattering Method to Improve the Accuracy of
h — Fine Dust Measurement
—_ e =

Ukyong Woa', Hajin Choi””

e ) TR e

Abstract: An ulirasonic mulcip \g simularion using  fine duse particles were propased. These days, along with swareness of
siepolicion,social inceres i fne s s increasing. Inhe comserucion i, awarceess offne dse s incressing, s escarch on preparing varioas
underweay. The ligh ‘method fine dust Iy in wse is affecred by

and arcuracy bt Moo, K b et o wlessinic v i el sk byl
change of the medium based on the mechanical wave. Using these advantages of ultrasonic waves, fine dust measurement simulation was performed
using the scartering cross section and ultrasonic mukiple sca theary. paricles EM ¢
Electron Micrascope), and a crass-sectian according to the fine dust pareicles ws derived through numerical analysis. As 2 result of signal processing,
the exror for the number densiry corresponding to cach crss-section is minimum 19, masimum 3455

Keywords:

dust, particulate master, strucrural maincenance, ltrasonic, scatering, multiple scurtering, sensing, numesical simulacion,
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Avstract: Veritinaystens ro sl for o pupae of s fosh aede o

improve indoor air qualty. However, since ouldoor particulate matier (PM)

sy o (S)is
necsary. Therfos i Sigp1, we i o deermin he cuent tatus o o indoox
S s b e ot o s
Siep2.a
insaod i o oo it (OA) et of o ventlao sy s compensale o
shortcomings. and an indoor PM2.5 conceniration reduction evaluation was conducted
To determine the filering performance and sultabilty ofthe ventiaton system, the
indoor-outdoor PM2.5 concentration oraph and /0 ratio-outdoor PM2.5 conceniration
based on the Addtionally, the

usabilty of the pre-fite system was improved by instaling it i two houses using the

 ventiation system Consequenty, an F grade fiter o a higher EN grad

wdard The

eneral vough the
pre-filer system, the indoor PM2.5 concentration was reduced by 31% and 69%
according to the maintenance of the ventiation system
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Abstract

Ventilation systems are installed for the purpose of intraducing fresh outside air to fmprove indoor air quality
However. since outdoor particulate matter (PM) is continuously deteriorating. an additional method to reduce the
PM of supply air (SA) is necessary. Therefore, in Step-1, we fried to determine the current status of the indoor
PM, ; concentration based an the filter grade of the installed ventilation system. In Step-2, s pre- filier system with
4 guaranteed filtering performance and usability was installed in the outdoor air (OA) duct of the ventilation

System o compensate for its shurtemings, aod s indou PM: evaluation L

To determine the filtering performance and suitability of the ventilation system, the indoor-outdoor PM.s

£raph and 10 P graph were presented based on the WHO standard
concentratian. Additionally, the usability of the pre-filer system was improved by installing it in two houses using
the same ventilation system. Consegquently. an F grade filter or a higher EN grade standard should be used for
gencral ventilation systems, Through the installation of the pre-filter system, the indoor PM s concentration was

reduced by 31% and 69% according to the maintenance of the ventilation system,
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Iy most urban environments, outroor it polltants affect indoor 3 qualty. In 2018,
Seoil, Sotrh Karea mandated filersd venfilaiion systems in newy consin
buidings to rediuce P25 levels, This study simed fo evaluzte PH2S concentraions
& prefiter andto anialyza the bahavior under
oy oS T e il sl sl
i i e AR S i i e SN

To raduce T P25 thraugh the vantiation system,
et s sy (64 P& » H13) wes ol hetaod Tns
Ventiatian system was beiter 2t maintaiing indoor air qualiy than an air clsaner

tes installed. Afzr the pre-fiter was
e /G ratio for house A was 041 0,58 pnvmd and thal far houss
B was 2.07 2 0.05 ymim3. After pre-fiter installation, he parcantaga of D ratio (range:
of 0-1) increased with a incraase in fhe relaiive humifity, that is from 72.1:
05, §3% for house A and from 19.81% f0 60, 10% for house B. Thus. installing 3 pra-
fiker can reducs indoot PM2.5 concentratians.

Abstract

10 most urhan eavirnments. outdoor air pollitants atTéct indoos air quality. 1n 2019, Seoul. South Korca

mandased fltered ventilation systems in newly conssructed huildings to redice FM
evaliate PM: e and afh

consentations be filtcr snd o o

installuticn of u pr

Aifferent relutive

anidity condst

s The pre-filter =

vewils tem to evaluate indoar und oulboor PM.

Shrouh the ventita

The vens e wass bt a

sevenled

st atter inasatla
bout the pre-filies instatled. Afies

005

he e was Tnstalled, the average | Bwasdt

Aftes pre-filter installation, the percentags of L ratio (eangs of 01} increased with on increase in the selative

Bumidity. that s from 72.1% w0 85,19 for house A, aad From 857 10 24,7

or house B,
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Filtering Performance of Multi-unit Heat Recovery Ventilation System

Min-du Kim, Jong-1l Park and Jeong-Hun Lee
Deparmuent of Urban and Architectural Envirmmen: Design. Passive House Institure Kovea, Seaul. Karea

Absiract : Duc 1o particuisie maiter of air, most occupuats refy on aif cleancrs. However, when indoor si quaily is
managed by i cleancr only without opening the windows. the chemical susponded substances are nal remored, which
aflects the health of occupanis. On 1he odher hand, the mechunical ventilation system in which the air supply or exhaus
by fan is instaed near the outer wall of the bviiding 50 that the indour air can be forcibly discharged or the required
veailation smoun can be aceumaiely supplied Therefore, ndoor sir quality fs maimained hy diuting the concenteations
of volusile org: and carbon dioside that 4ie pueifiers can ot remve. However, the demestic veasilation
system has a structural defects than the high efficiency and. high performance veatlatian system. n terms of panisslate
mater inflorw, the problem i fhat the aitightness of the deviee b low. In addiion, through the building veniilation

and domestic distribtion filer investigation, it was confirmed thai most caing configuration i similar
general nomwoven filer, Thersfoce, this sy suggests 4 “Pre-filer System™ which can be insialled in the
ventilaion: system 10 enhance the usabilty and pisticulate matter ilring performance of the existing ventiltion system.

Key words : Particulste matter, Venilatos. Heat sevovesy ventitation system. Filter, Iodoor Air Quality
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Building Energy Performances of Pre/Post TAB Practices for Heat Recovery Ventilation
Systems in Residential Buildings and its Onsite Surveys
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Abstract This study confirmed. the necessity of 8 TAB (issting, adjusting, and balancing) practice for o venslation
systém in resilential buildings. Sixiy small-seale buikdings instalied with heat secovery ventilation sysiems were sclected
to investigate the building energy performances of prefpost TAR practices for the beat recovery veniilation sysiems.
The resuls of the pre and post TAB. practices are as follow, Before the TAB practices, buldings under the posilive
air pressure. showed 23.3% difference of the amount of air supply on average: thase under the negative air pressure
A 263% TAB prictices san reduce the cooling energy demand by wp 10 |5%, on avemge 1%, und heatng energy
demand by up o M%, on average 5%

Key words Residontal building (3718 21%8), TABA
Indoor nir quality(H 7] 2), Ventilation umu:l

A7t

Enerpy performancet ] U 714 5,

T Conresponding wurhor, E-mail: fmA021 24 gl com

1.4 B

1.0 7o uE % 8

© SARER sz




2) €4

=4 ERY
ol m or Bl
o L 3
K mr U or
ujo M <
ol KI0
r =
ulo 0
©
oll o
op 5
_E.—_._ m
Al
L0
al
&
iof N
i) o
Mr o
ulo I~
S
JJ D
W s 50
(.
= Hr ol__A
) o X
B | duHX
9] Ko 0 RO
ur i KIr
g KK
op o) ol
=]

3) AZEYOf

E|
ior
<l
{10

-

30 = ol
=4 for amr
G = W
®r N dr
= 0 <
@
104 R
5 S
1 T
ulo N
N
@)
S
m___ N
[ -
ujo S
Al
ERY
wm o mr
- = W
= N ior
M <
&
ol =
Rr S
iK0 N
Al
0
]
3
- O
K N
_m.o ~ W]
M = m
l
ol
~
Ho

_80_



3) AlINIS

oF OF = o
w oy
S JJ W
|_I_,|. 03 ©o% E_)_:
S 0 <k m
Al_ _IO L.=._
of 5 2
= 0
%) JJ Ok v
oS o 5
Ho wo oW e <
= = ok o =~ ol
< < _ o _.A
T o =] Em
<l <l e R,
3 = = 8 W
o ] { 1o Rl oy
Ll A _ i Khi
n - oM A
Hl Hl o U Al RO
70 0 _% 2 2 n
K i - —
i W 2w
6 Ik K=< 3
20 <0 al =.___”_ El __O“_
= N = LH RD
® ® 5535
M A oy R =
- TR S g
ol =
~ < Ik o
or or g
W="  wm
RIS
< = ol
T
Al i ) 83
Y| M 16 IF
H & o kr 3

_81_



== I=| = | ES-OFBORSV 1

I 385
—_ [ 5]
— = =
g
52 0AL—> D > 0A
“L» —a|e| o—
- = =
[52]
G4 F8 H13
(10mm) (30mm) (30mm)
(#27 H2) L

<2

1. £75} o] 2} eig o 1Al A 2

2. T YRl ARl Bl Aatelel, B8 Adtol} L FHEE Y 2

3.2 mejo] 2400] ) ESetD, 28 Hollx YES 2oy A

4, B9 08, 9%, 39 5ol glg 3 TITLE YOEEY (YUY EEY)

5. 7Eb AR AlZ ket Helgh 2 o3WE AJAE
z o
B, H
SE :
8
112
113

0A

==
1—

==
—

B
e

1. £qxt o] 7} el § o 9120 YUY 2
2 LEPE R REPP} oA Fasin), Sag &30l R REEE PP A

<=

G4 F8 H13
(10mm) (30mm) (30mm)

(3 7hEl

3.2 tejo] 4ol 7H) YERIT, TRl Yofaln] AER Folg A

4 29| 2, 95, 3% 50| 918 % TITLE YREDY (VYY ETY)

5. 7[eb A Mg aget ey A DE|TE AJAE]
[0 84] AGIES/ARESE T2lZH AAE X

82 -




4) J12E DA

A

RO
KIr

I

nJ

H

HOIMIEZX =

ot akgk Dl

0l0

L

KIO
A0
Jio
X0

ok

E
ol

<A

<10

T
0
o
A

g el

=
-/

QI ¥ =S JI8t OIMS X A

= 0

- OIAIE X DI

H
o

)
)
70
({0
104

a

o0

aor
oJ

KH
~K
ol
<r

R
oD

0

io)

3

@ DIMEX XN

o}
0D
K

T

H
o0
AT,
gl

i
=

-

KO

0
0}
X

Ol

<

-

10

Al

KU

~
[0

OlMIZ X0 CHsSots AU

< 4

T
]

)
A
X0
00
lof

ok

Al

Rr

=2 &
=2 o

C=olA2H MOU

Rr

o0
]

[0

ol
ol
18
Rr
OF

<
oK

ar
oJ

o)

_83_



£
[\

g

o

S2eqo| 0|4

o}
o

al o)
Kl B =
- _ = LT H =
bl R s 58 g
= ,LM ™ & Mg 4 R
I =M ok Ro) e WO
W= o R oo Mg
T oww W DB w=_ g
= =N = | ) — ol il
WMQ = W 2 uwgo Moy
AP RE K 28 R RN
W oz W i o= EE
e S0 T O T K OEZH
mo A M SE ol on
) @ @ & @ @
20 il
) ol T R aF
g B W R gy
gl WE oz T g
o o e W2
ol o ,.m_.=_ ||.N ot L]
il i w0 e
FE MR | R~ |
= AW @ mm e
o oA s <o
e W - o5
u o S e
= Rl oAl w0 ™
=T d4F E g &
wOKO Moz om0 Bl e
= @ @ @ @
o -l
e i) ™ M_
Doy o= Eaill i
LH wu = Tl < __IQ
e 5 K K
w3 W =M
T al
sk Ko i
v e YTy T
W @ LA GE
mE = 3 &
g0 530 ok = [0
R e e T
HH il = =
) & & &

&)
Jo

i

—_

X0
Rr
<

=

gt
=

Cot =2 0IAEX S38 H

o

ol
i
=
00
K]

I

Ol

JEXID UCH

i
KA

0

ol
s

4D

- JI& OIMZX

—_

nJ

—_

</

00
K

JU
o3

~
=

J18t Ol MK

Ot MH, OIAIS A

OIEA === Soll SAHIS] Ol At

A1)

IH

0J
ild

0

ol
RO
Kt

A

RO
Kr

g

— DIAI X OH

. 0IE S

otA2M

=x

=2
=

B

- OIAIZX

ol
KD

o)

0l

T 97%E =2PeICh

!

=l
Bl

1 BRI 07 O, &

=<

@ ARl OIMIHX Hsofl thst

ol

10 JA=XE
Ol X =X

W
({0
RM

JIEZXI0 A

!

0l
ool 2 A720ME &U

El
)

&Sl A O
= T AN

- &l OIMIZXIOL SHEGHA =X

=

== AU OIMEX

84 -



3pug/mE AL JASM, &2 PM25 > 76ug/m

=

g
—

s =7AJI

M= AW PM2.59

- &

ki =< Kp ___Ium =] o o oM_ Ul ~ ﬁm <k Hﬂ ~N < 00 = ;ﬂ Ul <
=Y 0 A . 5% ol 10 W =S s o M _
H - N <0 KD o Uk = o 3 Ko - J ol
S A~ un 10 <l ~ — <0 Iy = = =
RE QO o R N AB . NA W = of A Sl
= m < K = __"mo o w0 ) @ Ry -0 0 H0 20 el =
mw 0 = T R =R &M _ o = aUETREL s &
TE nG ~UW g s Sr - < ks v o
of — < H Mo © o R % of KM <[l ~ Ol i0J o KU K f3u)
M_wo/ﬂ .ol o M_ua m%wﬂ@ Eom RO R Jlo m%__.r,r ol ﬂ
W ok Hy R a0k R o B K oo RS N~ S0s g g
et = o) T <0 ol = — [0 - 03]
3 A o = L N W = [y OF or &g © ol ~ = <+ up ujo
- B m WM = O 51 R gl . RN ~ ~ 3 = oo ol
=0 ° Al — = KU = = B o) Rl i~ o a5 ~ 0
= = . =< g m_._= L _:._o E_E L __o__u = ey
- o E RO . = 0 &R . — O — o) on R &3 & U
TE s Ky s W, oo SRR < ~ ool C .
2% gV 5y a2 xR W3O 5z MR wmB o Mgy H g
TRYS) e Kb R 9 _ ot = ™ w0 KO = K )
= T T mE 5" s s z < i N S
H 0k ~ Hﬁomx_o__of rooﬂmxs__o_ﬂ%WEA_. o~ _ = LS SR m
=g Y =5 S5 T0KR S IR AR &%%ﬂ.@ -
- Yl = ~ - - _ _ —~ p—l ! Y _ — - N =
U 100 40 = oF ol 7D ol En_m N [ w0 Ol aﬂg_u_ U B mm = wwr_ o0 K ._n.m _.A|o R |I_=_ oT 00
wrR R %o W0 e L R MU ] 3 R o~ < o =
56 < R0 o3 o 2 E U =0 = purw s s Ko
7 ol &l S R o i N0 omgo AU O U D w3 == m = L =< Ho 2 1o ol 20 .
OF =X =R o1 < @l W R _ - M@mn =< o 5 O I = pma g B
=35 8 e ooy R =<3 0K Z W 3 Wy M
= gD g URE o< Xy a0 T TR WS TR o5 W T
Nz D N A0 82 <] N gp=<" o Ko <o KO = U W W = |\ <
Hod RgrMid o8 UWHsroyD SN - s ©ERs _ =2z W
21 a4l w A AT o] K = T - o = I o © & o o%
5 = = ) g o < o 2 Ho = = . X0 BRI N ith) = <R = o TF
=8 SRS ER=TW00 0D 5T g N L W W xS O
= =X Rz oz = M0 mp N 3w ol Wl & o 0 < w N XNg R0
5 -0 5k M_o_ewagwe_e___;ol_n_on_ Mamsgos WswvsBPxg
=9 E %LEMQOI_O__ S Lol il S L DA s I <@ .Y
XAy K T momom RO R 2 R g S = MM Mo D o o B
S ool g wmrgR s om 5o L S wolo AN TEBEZ XS 8
g S g al g ww <~ 0 pEsIWRAE Hyaws tRon <
VG N Bg _muBSdgmy @SS @AY 2w =
. ) op D ob Al 10 = Ol w = — 2 KL< 20 nd o . K0 T A - = Ll
O_l H__D |_._O uN; pry —_ —: _A_.O ﬁ.o .AO - ) _J_l m 10 e — [ IR /1 — _ — .AE = —_— —
T EL - o RM= = < 3 o) RS M R WK S
R0 = E . 9 o o %, ~ © &8 T = = JI] (L ) e —_
L = B =) " P W AN A v o> S 1 = B B = Y N ]
ol o &) o] o Al S B o < /o rRU JJ ol & 0 M) R U ol | o | 0 |
@ | I &) I _ I <] ® @ ®

_85_

sold St It

=
S



}

J

—

gA S

=

Mol Sl &

elol LI

Sl X

0
ol

0
Jo

)

Ol=2 Qloff &2 OIMEHXIDL 2

Ol ULt
- [2tA TAB

ni

o 2

g

bH |

3

O 2ZE0 &2t 2

—

o

ol
K0

o)

Ok

ol
i)

RI

Kl

2

o]
K

-~

K0

ol

g JI&2 ASHRAE 52.2°| MERV 10~12, EN 799 2| M6 & &2 #==0ILC}.

- il = 70 =8 20064 Ol

_

@D
Al

o-

P

ioll
ol
wor

o
RO

<N
0l

o8

=

gt
=

Ol Mtz

i
[=)

0l
Al
0

u
o

Hot= &L DIMIE X0 CHSotol 0=t

oF YA

- MetA

s

ot &

b

Ryl =

4

wJ
7

t

1o

1Ho

uw
T

H

[
)

JHA

Uk

K

-

KO

L
i

et

3012 E=

S

U OIAIZX

- X

I

2= ZelZH Al

AN JHE =

=
[—

cl2

v

EIIEX MHS**

B AlAES FHd dluw

=
=Pl

a3

2
8

, =
|2

el
=

28] 21 &I

i
v

[

B0

(

B0
@0

00
20

B0
H0

B0
210

B0
80

00
H0

B0
B0

g4 X0l
220,000
300,000
81,500
601,500

(132r)
1,800,000
1,956,000

156,000
1,906,000

(99m)

1,750,000

1,750,000
1,906,000

(66)

(132r')
930,000
1,220,000

(99m)
620,000

850,000

(66m)

410,000
530,000

9

o
=)

A
.

17
X M

b

)

=

o
=P E=
3

**

K

SESED

El

G4 + F7 + H13

ol
iioD
KA

H&E20 JtE =8

ol
=

o
R —

BHLHMEIE ot

B AAEO E

zc|Z

*kx L

_86_



SEAF
S o

He
Al Al

0

101 CHEE =L 282 O]

£l

@ JIA

A
1

~

o

o
110

ol

Ul

A, G120]

el
o

S|

Rl
i
<)
ol
O

_I

SJ1& 2telol et JI=H At

oSl 2t

)

=
—

i

X

O Al
— T

et

UM SIIEX A0

A
e

ioll

=
S

il

==

o3
<

ioll
H
]

i
oy
X0
ol

K
e

0l

X0
i00
30

ol
I

-

KO

ol
)]
Rl
=
[0

<N

| 280t JIEXI0 HSEEHN0gES =SotULh

AbO
ALO
B AIAE &XI Al

"

J
T

te| B0 et 3887%2 AW OIMSA N

SPNEES NI,

2|

-z

ol

&

Ell
ol

NEX

st

50l ACH@0>5hel Z2 <2

12d

-J

110

JIZEE SItAIZl= A0l B

ol
Ul

=
E
ilof

D
[0

NEEHI2F

——
[=)

=
=
=

X2l b8+

N

=

@ =2 X

H =W D1 1522

0

o1

gl EXI2 OIMEeX]

&l
—

- JI &%l

630 JIJIE ARSI 5JHA

—
—

0l "ot
& GHALC

X0
o0
ar
ol

&)

ol
o
JId

Kr

ok

xr
I

=

-

KO

]
o

ok
i

10

ci1el Ji

=
=

I&X =22 IIEX

_J
o

OH

OF

oy

:
ioll

ol

gl

o)
[

Ll

® OIMEXE XM

12| OIS XIE MZa6hl 2

A
=

ol

=2 =
=2 O

A gl
e

LA

[0

1

o)

ot
<+

ioll

Ok

Al
=

ZelZH AIAEOA

StI1 Ol &0l

0t =g

e
=)

Xz a2

I

- 0l0 2 gx0iM=E &l

el OIMEXIE H

® OIAMEX]

= U2l OIMEX AS0l T

N2el =0l S

o
TT

- W AW OIMZHX

_87_



B
or

3-1.

=5
o

K0
)

=

(51

7

A
=

137
o
=

i

2O =

=1
C

=0
D2 TE AJAEL 2|00

ETE O)HHA ASe M

farn 3
[=E =1

& al
L= 4
2MI|ETHY
<% =

=H 7=

BFEC| 0 HITA| 7% R HTE HS

el
=1

UM SO SE
THO]

[ L HE=SRTRL: 235

Oa|TE A AR

(=2)

K=
~ O
o7
S |
SR | g
ok Ho m il
w A | = & i
W™ g u
O, o .uA..m _MI“_ Wrm .
- x .
ST 2w
| B |
e RO =0 JI0
= W R i I
| wr or — <l <
o) R0 &R0 p < i)
O w A 5 o
o7 K" 50
I T I z 0w
R 2 e 2 Talay
0|R , =|_ 30 ok ® ok W 2
5|8 | . n % ED
= o - RO _x_._l HE __.ﬁ >
= H0 &I m_ A W 0 " s 2
ol K = KT ~ 0 2
Ol = 0 -
-« =g KO 0 2 o
=| al O ok T = | 50 S I
m_d. MI w M_. AI_ _Jl_ m Oﬂ _M/M ..m m_o
KHE |V = ma_% S oe <
w| = W@ m K om S owom @
o @ Ao oo Moy U e
o AR 0 o
m__m__ 00 o < Ul rd = ok K © O
° <0 = o [0 = =l
o F oMo K = = = 0 o
o WWy S WS s _ WS HEH
" _._AE T N
oT 5y g HloE moH HOE E
e = oljgg GF Gr or or or o or or
3 L L + oo
= 3 & 3 B 3 & 38 B8
o o | [ [ [ [ [ I I
| = o =0

88 -




- 89 -

T <
% - o . = M i it = o
3 T o - op i B ooE A 2 Wk = W
B x m ¥ W T o@m = ® x Mo U Ko A = L o =
- W o om = > o8 oo o owo o o S @ o
1s o [ U mw o = PR RN = < ]| ——— X0
0 o5 = B Mo T ar oK 3D ool 3w = KIo 0 ok = T Jo "
ﬂiqy_%ga;uﬂn E%%%SB%M;I& e R
n EoEmoEow BB N LI o 00 2 X 3 =z W 9 U =) 000 = "
mwl..m__ﬁﬂm._@_“l___a ozw___m_xﬁmMﬁ__ 5 2D o ~omon
A @ o o @ = K0 = [y RO O mp T w = __|& H & = B N BF
" O I mogo S &0 FT 5t ol
Ll g g g gmgggwgg%aao_i_o_g o O S 2
F &Yy R v s oW ow LA
_ 8 o3y o il [ oy o = 8k
n K = 0w of -, oK zg D U Bl — Bl
T X W oB 2 A me o0 D oo, O = = =
K0 3) @ o< X o O =
T o R = 20 w0 w0 o) Al 70 = — o 3T
3l O|/m OO0 O B W g o A oa s Y 2 W o oE gwﬂ.%
= _ s o 4 U E:J%_mﬁ;n;omgwa_z
o oa 2 2 T o B ) 00
ST = < o W oo ok R A
: : = = 7 o~ & " =
m. O mlo olog o _ noar N
J L] T =< [
0| O 2 <
=Ko T o)
¥ - 2
A N ™ <t (o
S 0 © |~ X0 =
o - [00] —
o | 212 2 2 2 > s ~
= | = < [ ™
IH — =
TR =
. ] h "
MM » Ul ) o u 0y W -
iKq 10 o ) o s 2 RS ol =
. < i A N - B RN R R
A < R 2 % O_DJEM%UNE Agﬂﬂﬂ
X W < MW oWz O
= ~ L X 0k
D N e 3
D Iyl




il

2) AZ(EH)

[} —
il S HEg -
o = uy 10 g K0 o
- L ® =S = I o1
.:A&_ S 5 o m__.m_ % o ol _ n S
s B A2 1o w1 RO 1 7 o
= = ==xg W o O o i
— Mo 5= ETAﬂ_n_/__EEH_ X0 . aJ Rr = wl
H D R 5 Wes eI =R N0 M mo B = <l
z @l 0 e 2 = ol o) = U =0 KE Y =
Mo @ SB=glwk s 5o I _© 5 = = M N
W = Qwrn < DS R RE g = 4 o WK D
= - 2 5 5 E T EmB T 5 %0 2 < on e o 3
8 | ioJ ) o2 5 oK = ur X0 w = o o _ = ~ oo K = a =<
w W8 w8 T Wal g e s ™M= e e ) o =) = =
o NI &L 5 r «© R T oK A2 ) H = = _ U RooK o
ol o ~ao oz = 0 @ U = N _ Jjo 9] i Ho oF %
xr x T S o= ~ % _|T = VAR RO 2 = al > X0 - a2 5 = KMo
w2 IR = N =k = = Mg K ol 0 Ry =R K g X = Ml
= My 5 < W0 ~ ok ol O al = N Tl 1
B B o7 ko o B0l S A OF i 5 T : a1 S or 0l R0 U0
HH=all =5 s 3 = ¥ w0 T o] F A o W oar ol = o W KD
. ~ () m __A__. AN )< F A_l _An_ oD AR = m = lH ol
= i N S W oo W = K SaRamm w H
RN = ql = Hl 8 & W= a oW = e <F | R0
3 5 SV . H o = B WK = = < o
an ] o o3 . A U] = J
o =l Ay or Ql . SN B OF 2 0
W iR 5K o ol U %0 ol
I e HE = K i) __Ho -\
ol S i KO o 0 < 5 .
+ |Ws o TG oo o m o S w©
T e o S 0% 8 TR e 00 R’ - = o Ar o R 70 o
ol | oK ol < = =z <k = Rr | Bl = |z o ., ° K0 = 0~
S < o U = H N~ R RO ol — =
= [, = _wmrrowm 520w oo =2 N =W wo ¥ IR ol ©
t =< ol =0 = o_euﬂuﬂowxo S g K = "l s T w . J_N
I o1 = ) W= —w= DX =Y uy M N i
) . = & o1 T ok = W w =K T oo W o RURIEg K —
o) ol = ol I = 2 XA — ™ X0 WA ~ o) = AL
o Tooomn & oaln <N N B0 W@ B0 o = m < zu o 10 e
0 = Kl ir ) & 80 = %0 Ko o w Ok < OF o) O\ id = ) CU
. or B ok WS <O bl R K{ 20 W Jo =R - =
= SR mO oD Do K & W= o = 30
_.‘_l — . ~ @l au @ BN w &\ = O w = = _
N ) A= s o __M = i bl 10 T0
5y " 0 M K0 @ —  «l - = W ~ W X A B =
K = + Hr JI0 , o3 - e |
H_H_. or o U oo =y ol oT ¥ BU o m - o
K2 <) < D Y ki R0 | & o|g__ 703 @ s1= w0 Jo
= - 0 - . | =K = S %0 =
0 = = ok oF T 0 W ER Aol ER s Sy
I = 3 R 4 My O <t SRwE S
X = N oal U =R H =<k
= il 70
= e of KE T
8 = 1o A
= ﬂ Ho A|_
Ip oY ok <
—
U
LT Hm >
=
K m._\

90 -




(2) 2%t

i

c
=

-=( o o
oy m}j)larm "";S? AT 8 LS o7 2D
=¥)) = o
1. 2BXZAL L FARKB0IBS S0l CLs
0= gpt om |- OIS0 24 OIMS R X HAGOIE +8 22
= o oae %Dz DT 2. BHCIOIEN IE +Xof4S S
CE e | mel oy gy & DR ad 22 aete® == ]
oo 2= = 3. SAOOIEH0 CHE AR Y E=(k-wave
o simulation)
Dmaﬂ 1. 2|8 AN ZUHE IE AZEYO
o =x 1. 220 2t0] = SE2(S2 BI5 1 C-2020-0485433)
;a o | DIMIBIK S | AIAE 88 2 4B 2 5ZR JRIXR0 He 8T 20153
=X J|Y WY 2. XS0} 20| =3 A& g
L N ANAE Al 27 3. XS0} 210l =/ AlAE" Ay &
= 2Z(DIHX E04ZF : 0.004, 0.008,
0.0129)
L H=2 fuy . E 3302 JIRE OHIE, SHE=e,
SRR RHERA ZEFE(100MDH 01822 226D,
Sy pexa | IO SEYR MRS IR SHS mots
S somy > SRIEE AR SR 2 |2 30Iot 1040t BIIFX IS A
Mo ym ma O 4SS S8 4y AlHel DMK 55 242 Soll &
22 WO} 2802 BI|RXIC THE HSS =062,
ST =IIEE Q) ENSZ JIZE 24 FS2 0l&2 THY
LEY A5 stol M5S0l MR 0{0F &S =0l
BI|1& K] 28 =2
o%t To|TH AlAE I E;j}'xfggjml = NBESH MIESHHO T2
El= Eree | Tame ars ANAE AIMEZES MRSIAO, 5520
(2020) Prototype JH & JUERIP =PI Y=
1-1. AI20| B2[8t 301701 Z2/ZE
et NABS 24 SXI510] A2y Y
am;;l HSIots 4ast
e e I ZRlZE Alrg -2 E21ZX SXAR0 W2t T2
mj_”a; TR TE AlA" A2 &E ANAE HAZS D2s 240
== % EIIFA 2 D2lEH AAE AIB oI Bk 0] K| OF
A8 2 o A= o exze e OAZIE 20|, X122 S8 Zatxo2
=SS ES Da4E JEEHON TR
2. HPITE AAE A2 U AIREE,
SRR S HEBS @2
Hsgs RXa
1. DolEH AAE A% 5 AlAY 8 ZH
HMEZA0A DIMIBIX =HIIDI2 Sl
1. Z2|ZEH AlAECQ CEE QMY MY 52 Aga
ABA s SR HSD HImE
Come Aam S5 HIR 24 2. DM FH2 D2BH ALY 85 248
TO S Tl mRlEH AlAY Ng | auE
e M &5 AEIIR (EDIZX |22 FCo 02 =Z2|lZ[
DMK S5 ANAE M2 584 /YLK 2
AS2A T2 A AAY M2 584 /
TIIHFD|Q T2|HE AlAY O
SE4 Hl1W)




1) 52 40384 J|IEH
S HIN=E AL E
| #A duES o T
=] E o9 dus ESESIPS s SOx 24l | 285 IS =2o% 3 =3
= (CTE) AN X8 SEX |, o . SEX g4x IS
(%) == BN
ofs abet 29 o
E5 sxoq D 2AM 9 MR e & 2
NECET AEFE;L @ &4 =8 2 2 oA (100) 5 o o 5
olMtAl |, ;Lailx? == A ='s=§)1: _J1 1 ;_j i?{;j : %ﬂ%
17| =E cule - ) HA| e vl By
el RIS A= 23m oI5y | . | L =ebg) 17 | ESER0) 1 o
el = TA(2h AlAE 2x gl = A
A=” TH ¢ 'jlif;z 1| (200) 0 10
CHE M2 2" AE |
x o S Pal
=2 2o\ g o s mel o | oo |2 1 5
7|8t e 274 | (100) -
=} 7|gk (B-1 oI =M L?(SO)OH El
Z2ut7|gk B =) - L
B | owie sol G s T, emid | =) 1 g
= 0154 , = bl =2Q0): 1A : A
| os= L | elusa Aee gas| 2 4 o | EESd W1 10
2% TH e 27 (200) ==HER): 1 A
G| lolzn - SWi_ 1 2 |« 583 AkEod
e o1 Al | 5 52
4
aul . _ 124 | 2N o
B-o| 2ZEgof | G| MEHal B cast| 174 10 10
it (100) | Ml
2 REEE T
D s o s 2 s ’
ez S| ZE =eE T3], 74, .
o T B B T e I o = A I B °
x4(oh 574 | (1200 | =Ml
C| =eime olMipix| ZiRig
2 NES=] @) 95%0lat && e 4 i—_;r< )'. 14 {3@0) — 41 4
1 < =RER0): 12 | =RER]): 12
gl | TAY(eH TH Ag) (0 £
o 2PIRe AmEol ce 6 5
oo |l ~ d Sl A= EA{
=2l TSR | | o | e
C2| AR .
Py || meme aag | 1E | (200 A
o] @ TH(eh =& 8 8
Do) Al 334
S SSFEol| HxfE iy =
zZiEe |0 splax RE A as | sA > 2 2
e o a(%;)a" HA|
1 = 660 =HS0) ;1 7k
=elEE Pr(;t}?s{pe ==mR0); 1A
D| Al TR[ZE| AN ElRlY 14| 2 E33:_ 1| AFE: 5 d
- | Proto-type @® ur 14 8 ==ERa): 1 A 8
G| e Prototyee 74 o | A ARIE: 1 7 | SHeRARDR
f— oy H Abp| = 7
MSHE o ma|ZE| AJAE] . 574 " 511}; AP | = AR 0
ZRIZE | ] SRR o MF - 167) | gay
D2 A~ A
Msuz || meimel apm A
2 ol
@ Hsziz ° (100) ° °
Ssi: 39 12 5129 12
s= 14 s= 14
=) 4 A | =R 4 A
A 10| cougy): 4 o | ==wE): 4 2t |
AREE 1.4 | AREE: 57
SW: 1A SW: 1A

92 -




93 -

= =
o0 R =
s 8l i
g4 : .
w7l ) N 0
~ E Ko °
Iy ir & . )
J ) E| =
= L 2 = s U 7 Ul
. el ol = ™ _
O_u el FI <40 El W.AH.lm “.__M_ SURGY
— =
G Ul Doy ST
o1 Hl 2 w ™ o=
w 0 %0 4 =l
20 < 1 40 rp M%M_ =g g1 2 Mm__.mm
Dw RX RN FR LA 0. Ho ™ °
S gy o s W L u g G ty =20 2 SR
] L_|= =z = . @ o3 4] < = = <t oH — Db =2 il = — = D
il N W Sy H= g < o, _ R o J o 5 — & ok o KO
0 __pao;ﬁmamﬁg.o_:mAT dmREg <l Pa “en @ D
] ﬁ@ﬂﬂ%)@i%g ou,.N%x:m;I <~ 0 m K8 b 0 H
5 R G Ol i <1 a0 2 3 3y maol W ! o B 51 gy 1% = 0 5y
X0 _ o < = <k B53 & M o O w0 ] 0 Rl R K = i s
h =g A 5 we . el ¢ 0z R o WS =
<D ol = AL 160 S g oTon XX aop U = i K oo o WA
E 3 o Wopol 5 Kl R0 < o g 1o @: 2 S — - = D =~ A Ok S ws H
° mgo_zamﬁg_zm_o ﬂx;ZEMOwJ m_wfcawo_sl w20 o 5 o= 8 s B0 O
+moa_mmm_nomao% _@%9951(5 ﬂm;;awgu_;___ o Hl . RO S Wiy @
U ﬂwo_mle__ < MrIA_go M_u_____A:Hmor__w:mg.oA&? m & 5
<J < S Y 2 < ._|O _ WM u m._.,| S il = o = © 0o ._|o 1o = It _l__ =9 . i o
3w U o MOk X ok o U < M= iofl - A E 0 - ofo 30 D 70 55 W b=
5__4oa i_;.golol. H_Q___o_uo__%|a gooM %ﬂ?%gmll_u__om ATWQ_&@ £ROEK
i 180 T — =_._om_.L|.A._I u -z _x=< 2 0 = 5 T 0
Wy, n¥ 0 E g O olrfm._ a2 w@W o5 __Fo__:_u_xs_e oo
wm O o0 op * 51 o % o X o w o m = oY @ D nod® o 20 W
< ) 52 &I_Oﬁ T o m = SR Al wes 3 -y ok X
N _ = mﬂwlj_ ___Jmh mauw Me._ _.THA_%__H _mc_ = F < g W
] =g W | o = ) w 0l o 20 ol = K- o < Kl <]
X0 wc [T 1 P M ir mr A Rr il ok D o|_“ ! Kk o an ) < =
'+ < ﬂ ~N TR0 o : C WU o 5 1o M o WD I
5 | ® = =l Ko oK il 750 e ! o o 2 ST TR
Ir o Al
20 R O ! Com ! Hm o
= K= N =0 Y i ! CTR
bl = 00 o 3 (=] mm_ %0 = | |
~ K392 LT 3
< <9 Al < < ) = Klo
X0 Al ol o A0
® - 53 s
H<%t®
O M K
(@)




3) & 07 41 2F L AT
= =T =A< (%) B2
sCl 424 100
AT 32 22, 12 MAE
a ’
Al 4 100 (5 DH=8101-01~04)
Cl
2 =2 HISCI 424 100
AT 5 1A 2z
=l
Al 4 100 (HD=Y 02-01-04)
2y 1 100
29
£E5 & =25
p| 14 100 10-2019-0129525
(M= 03-01)
20 021 0
=5 = 29|
Al 0A 0
=y 1A 100
29
ATEYN S= s=us:
y] 1 100 C-2020-0485435
(HD=Y 04-01)
AAF
ol kM gk Al
Al
et A%
Jlz ol e
X| A OH
o T T
SIS
27 Bx3 JIDA THE
TZEOF e
DA M=
2 BE3 JIDAN THE
O RHe
B
SN 92
AN 4 (D=8 05-01-04)
AL A
P To|LE AAE fjnd =
SE - JIE Hat (4t=4 05-05)
St L
MR | A2
NEE
ATEQN
stat2
54 HME = Axea
N 21
= 1 500 (S D= 06-01)
JIE I 34 22




5 R A ol
> % £ &I
- o0 = M m o o
i) el o = 55 0
W o) = o <
S = o
LI = i =g
now S o o 2
A 3 R 3 R D g
™ m_.m <] R
5= Emc =z YR
T 2 @S K< =
S s 3 0ot @ =
= 1< A KD
- 1o A =5 o
) Jjo D w 0
M= o A
¥ 7 TR T
Nl s W i m @ L
S o B T
5| B i 2 R Ko w
IT-AI HE |rD C|_ o) .AIO __OE H_L.H
Ny KW m | s o o
W 8 W sS™y =
Ty D =i | Swg 3
Z= ° R g
= 25 o R =
8o - 2 0l o1 =
ol S r R mx 8 % o A
=5 o_m . I i | X Rl g ™
- <0 ! MLH___ Kd %_o (] m m m
|:H_ B0 ._.A||o < _IT m.Jl a1 Mo N u_mu
gl g F & . 5
L JRCE A T = oo
R EE S | ey
4 2 _:W,JI__A: 3 I 0 M
KX o~ K R _ _
| | |
5
R0 5
iz S
~e T o %
[m¥ | ) s M_ S a1
. e 3 Ok
B! 5o D K =
© 0 5 g AU o
X0 0lo ol K = o
=R Al
=]

_95_



= | no
ol o ﬂmm i0J T U
ol = oF g © -~
il s ge] nJ — =
K| e | o H RO 2 g 7 s ®
o | 0= [ W0 W 8 K0 ol = A R0 O
I Ho o ° RS RE Al
10 1o al & - :__.MEU
B = K =0 o a \/_Ao oy =
e 5F HERIET
oll — i |Ll._ul_s| _ =
s @ 51 - S A 5
i . _L|_|_._ k) ._.MM { D0 _.A.A
Ki o) QA o — @ A SO
2 | < i 0% 8 Vs =
ey x|_.=_ g _A_uA = = N
m = = _uo”MI__mmmA s
— _ =) = — T
& ) E_E o O = 0 o W Mv_.
o | & T al < C_Eo_waw&ﬂao
3 « & z0 KJ ~ N K |rTAD._
M & o) | a1 = J _“_Ejn_L||r|
:_o 2 N — o ._ o| _O__OL
= |2 ok W < Lw&wmw_sﬂe
0 < = _ ~ B ar
o a ur E oM TN o
un s ° = 8 M_xa@u_a._ﬁ__om/
1 oS B o= S ||0|9A___Moxo
Ao | O = 2 £ zw < 1Mo
Ll B il o HE@ED“@E._
ol - |+EW2 = |_=LO|VHEm|_
= o 5B 5 FE%%%AM;O
o) R oamce__.l_,l = nu n ﬂAu_.Nt.
oE| e 5 =1 AT =)
o < ﬂ_lu.-_
% Snlm 3y w2 o @@@amwﬁm
= W Ar B w| g = %@%.&WM}M%
U | == Q o Wiz 3 R
T S o m <k 0 ol %.m ] IIs r_A_ﬁE.mw
n W= > g W ° g zommrgma_a
1 nd B | |E LR R
- _ =70 - O —
= o o 1y X g W ) =5l & %5535 S K
o U0 D oy = o W = w K N S
= mgﬁ%%% [N . Ew SRS
20 Ur o0 i % N < 5 m_,_A|| Ok & SO oJ
<ho K] |P|WD = = oclo_EE,j.rEu
. OT._.Q|_._._._ _.I.._._\_ [0 D_.._D._u HTAI|o|
= AL T 7 Eﬂwoagoaum
| o 3 % wul._umm o o gk w
< . < = ol el
< < Eﬂwo&__& 2
| 50 OO H =<
| ol <
|

100 01204
- 96 -



Tt ]

8l
._oo
<+

[

o)
OIHIX| SO XS 3t

1Ho
Ho

iod
oo

gdds0

=S} 4

el

—
=

AL DM =

oo
18

1

Z2|EE A|AH

Mtz

2
(=)

o &

=
=

._'.I.

=

3| XpA| Q1B 7 1Z=0 2 85t0]
=3

1=

=
—

=2
7

@

7t AaHH| ]

>
T

[

OJMA| L A7

=]

OJM X 55

I.
e 2R

j

=
=
=

=

£ fletgug|

X
(=

4

CHFSE 2h0i of &t

@ OJMTX| S0 o2 A7

@ AU Mmoo ot

)

&)

=3
mr

Kio
)

Klo

W OIM3X s& 89 &8k A

Al
=

Ol=st

of HE o+ 2R

=2
=2

3

A
(=]

@

—_

<

et

@ OIAIEX]

oo
K

AL
e

=

=

& dlole

[=<|
1=

RS M, OIS XIS

OIAIZ X X2

3

S
[l

==
S

3

-2 0N 2

404K

-

180

o)

AN
(S

H

& oY 7ItXI2t o=z 4

CZ =&t OlMEX

%:>|

- At &X+ &0I

10

==
1o

ol
Rl
[all
nuJ

—_

<]
0

ol CH
Atk

efLt Al=dIolEo =8t

A CE.

AlEellol&el i

OIAI2 X2

RO
K-

ol s&

ol

OIMIS X &

PSEe)
—/ —

=t

==
1o

ok
@_r___

T

0

R0
K

- Ol0ll JIE2l AIZdI0]

=2 £
= S

JIAIE

b

=
=

JIAHH

F

2
HHE A2 SY=CH

ol
=

=

=

a2

OIAMZHXIS 2 4
2

=2 3JHXl

—

—

=

—

IHE Ol

!

=

CIoIE <

W o
- Ul 2 DIMEXR

AL

(=]
Al
=

@

0

un

o)
reY

ol
Ok

0

o)

i
=
o
Ok
T

JJ

u
()

o)l
H

_97_



7

ST
Ct.
S

| S—
_=

E

=N
C_)l
O] &=201 =™

ot 2

el
o =2

=

0.92 UtEHSCEH.

120t

o

[—

SA0 S&ot AL
el

I.

o

A
&2 50% Ol&t0iA AU PM25 s5IF THD]

NIAH 7R H4 2SS
OldE &Uiel

1.2501 1, PM10
IIEE

= UCH
ILHOI CIMIHXICl @201 =M

=

{

z=Jt 2008 Ol

X K|
og

LHZ D12t THO

Hg A2 It

— Chen(2011)
PM2.52] 2

ol
HH

s 20

Jb tHo1el PM

c
S =

Ch= At

F

o
=

ol

A
JJ
)
HH

H
U
Ho

ol

HOH,

[¢]

FXI

N

=
=

50%
o

=
=

Z=0| 3%

A
CHOIECH 280 Ol

t

(g

IS)

—

—

3%, LHXI Ct

3
HEED, A AUz RE DIASHXZ 2LHO0IA

Ol &LH OIAIZXI
AY

HLHOF CHOI2CH oF 3 &= 0= AOICH

=0l

=
=

HISI A L

=
[

A

ACk= 22
- 25 ABI| BOf PM25 &

bt 2td R HOZ

—

o Hlse
- OIEH &2 0IMSXIZC AW DA XA

OIAIHXIO MEA

A
e
[==]

E]

ol

ol
1oy

g2t 78 422 "HI=0l &

A
S

IHE Ol (et DIAIHXIS 2

b

=

=

L o4
Ct. Oleiet AW OIMIZRI o

A
=

CC «—
4

2
[

ol
=
H2|

()
TT
o

Al

K

tot

U
@ Chst

— Al
=

(]
i

K
_Jl_
Cl

o)

ok
ol

OINEEX s& =5F

5t

=
=

g

HE Ol A 2

k=l
—

OIAI2HX]

T oip

30 A2 0l

S} 5t

PSS

o]
o

A

2 DMK

GIOIE HI O

F

OIAIZH X2 ALY

b 2010t Botd] =20l Ct

=4
[eXe]|
TT =2

A
(=}

ﬂ

LA

A
(=}

d

Al
=

301 et

2
[=)

b

.y

&0 HE A2

o

M2l 2h1et ot 22 =2ld 20
5

- DIMEX= 2
- DIAIEX]

ol

&)

0l
Al

it

T2

| S—
[==)

AW, dA OIoIe 24 2 dSKel

=M, OIAIS XIS 3210 e

M, A2l @ZS0ILE Ol
Ct.

t

—

S At

tCt.

|

A=
A

b
A

2|

i=]
x

=)
—
S

tCE.
tél_
X

H

=

=

ni;

Xt
&

Al

Iz
=

= 7Ig 38 HA

ALAI
IE= Sol & 232,000,000

A
At
o

=AE3t X2
&85 & TRL 56 HHE
0l

ak

o)
oll

un

RO

0

i

S, 2Hpe

s

Jigk dA - HIod

0l
fm
1o

R

i
Wi
<l

Ko
2

—_

[0

£l
oK

KIo

Jjo

_98_



30
Rr

@l
<

_

D
El

H
ioJ

o~

ol
n0

X

OF

o OIAIEX

H

ol
N
Ho
Ho

750
<k
H
10
~
Ol
=
m
1l
T0

<l

_

H]
Ell

H

0
KIO

_J
[0

<

-
1o

ol

1104
ol

Rl
=
[0

(¢}
<N

o

HE

3

S
=

Il MEL=Z

q|

X
o

E

OFEMMAI OIMIHX M

[e)
ju—

3

O
[y

|.

g
o

c

70
of
KH0

ok

ioll

IHE A

Off CHe Al JIDIXHMI 2l I XI- 0l Ol

ioll

il

i

9

Ol ZOICk.

b

.

Cl
HA= =J1H010 HAA

—

AS 2102 fl=E

A
e

0|

=

5
22910 #

=2

NI RVAL= =I5,

Xt
(<]

=)
- Olddet w=ssit

t

S
—

gt
=

oI

fill

HD

I X

=
2=,

~

Ol

Ot
i
R
U
)
il

-

0o

un

K

~K

o)
160

un

0p
)
)
A
K
Gy
1o
ur

A
=

| =

A3

9]

|.

A
(=]

0

208t3]

=

HE0l PHIKO NET2

D ALBF, To|BH AAEN e WS

F

TH
0l

ol

OF

ioll
30
0B

0l

ol

ol

i
H
oo

US N2 JIHELCH

AL
e

00
iojl

i

oH
i

nJ

)

%

ol

ol

J
HO
el
)
00
R
S
ke
Ko

ol

iof
il

JIANAESl X

F

[

Ol Jt

b

==
=

Ol A 24

2

Ol It

OICt.

il

o
Jio

Ell

s}

nl
<+

0l
K

3+
Ell

ol
Jo

ot ZelEE AAE H

SN
=2 o

o=z

Al
(=]

0

ki

Jlo

ol

Ol
K

a0

=
1o

040

i

=

(el 3

S &K

=
-/

22 144850l ACH@B03h™ 0l
Al DTAIBXT M2

Hl A D12 &S0l ACH@B0=5.76h"2! Jr=201 H132l 104

=
S

4

(]
S

H
ay

-/

El
al|

E

A
iy

|.

A

1

ZE

S0l e
c

i
N

=2t J|Y
Jt=2el EJtet 30AITH Ol

BT 100KICH DIgH S

- otXl &

10
70

-

Al

0l
kil

ioll

o
=g

12

OIMIE XISl &L +=I1E0l

_99_

JIEXI0 AtEotticts &2

b

k=
—

=2
=



Ct.

)
0J

b

AlZOlet &

b

iloll

H & O 0F

5
=

HH 12t

110

e
@ AU

fulJ

JIE0 M

el
o

][
A0
=

u]

<
wr
KJ

.l

£ otALt

=

2+
=

VOCs, CO-2t

—

—

= 2ot

g
ARY OISR X

LHOILA

2F
=}

H M2Z0l JtsSGHAIgt

MOl Tts 28

0|

oy
TT

Cl

—

IZXE S
—

| &l

HM= 2E2F 21012 310t AKX LD Ot
X

0

OtcH &

F

INEIPIRES
Zt

i
o

H AIZHOH ek

SEAL
o

0

o
T

=2
=

K

K0
=
o

OH

)

%0
i0J

el B0 et 38-87%2 ALY

1
[

OIMIHAI M0l Jts

ELl

ol

=il

(o)}

o
1o

<+

—_

nJ

K0

SOl ket

| S—

_=
o

22 OIMEX]
X<E0IHet

ni;
=}

¢}

0

<0

1

HO Db
O T =

—
SE2

Jeflt &2 OIAIEX

Ct.

Ell

o)

o
o

7 or

HS0l I W20 M2 et

Foo12kel

of et o

=
o

OIAI2HX]

0
0J

A

~

1o
O
Ll

1o
0

JJ
KF

e

-

oll
i

ak

LA

Ad
=

Kl

ot St XA, Z2[2H Al

Toll
o

]I
<l

<

nd

-

ol
=~
Klo
Il
ol

_

Al
i0J
oJ

0l
RD
H

0

[w]

e}
oo
ol

0l
Rr
Bl
z!

][
lo

T

87%It K|

m
il
K
o

ol

<l

—_

Ll
H

JU

o
S

ol

o)
ij S
il
ol

ioJ

B0 2

H
00
Rl

(@]
1o
0

A
RO

1

Ab
S

OIMIS Xl Olel JtA

—

—

o HE =0

o

otAHL

Xl

o

gl Sl

o

=
=

Te]

Ell

b &0t

7
Kk

- 100 -



o)
ol

o

i
040
il
o
0
<|

Al

HI
(]
RO
Kir

—_

<]

oo
K]

o=

70

<+
un

i

o

_J
[0

<

0l
R

oll

- M& X Xt

OF

0

J

2=

o

ANz M H2E SIIEX2 AHZ-U ot

At UCH
OfF At

=

Amoz
ol

&
-
T

00

]
—

[=]3
Ls

oll
[l

n0

a

n0
bt

Al

o

or

A

10

ur

i
~
[0

(¢}

<

o0

0
IH
K0

m
ol

Ct.

<+

ioll
&0
<J

un
K-

P

u!

’

AE-II(%%E

LIS AIAES

)& 2

JIEL

plESTe]

KF

P

clZ2H Al

H
ol

S)

<l

Olcd

Ae 8K J=0] & Ae=z

AL
e

ioll
H
o

ol

J
Ho
el
oK

70

o]
Bl

Al

OF

EX

- 101 -



1) SH2 A "GIF 33 ALHED|" Ol JIAES 8% &=, 2EAMIOl, 2017.03
2) st OIMIZHK 2228 2 2o 0dsS st g7, HAIHstn SA32aA A, 2018.01
3) Kim, S. D., Kim, C. H., Hwang, U. H.(2008), A Study on the Particles Density Estimation in Seoul Metropolitan,

Journa of BEnvironmenta Health Siences, 34(2), 131-136.

4) Kim, E. Y., Seo, S J, Kim, S. M., Jung, S. W., Lee, Y. M., Oh, S. H., Park, G. T., Kim, K. H., Kim, J. W.,
Hong, Y. D., Lee, T. H., Bae, M. S.(2018), Determination of Hourly Density Using Real Time PM2.3 Mass and
Volume Concentrations at the Road Sde—OPS Correction Based on Optical Absorption of eBC, Journal of Korean
Siety for Atmmospheric Environment, 34(6), 865-875.

5) Kim, S. J., Kang, H. S, Son, Y. S, Yoon. S. L., Kim, C. J.,, Kim, G. S, Kim, I. W.(2010), Compensation of Light
Scattering Method for Real-Time Monitoring of Particulate Matters in Subway Stations, Journal of Korean
Sdiety for Atmospheric Bnvironment, 26(5), 533-542.

6) Lee, N. R, Um, H. U., Cho, H. S.(2018), Development of Detection and Monitoring by Light Scattering in Real
Time, Fre Shience and Engineering, 32(3), 134-139.

7) Lee, B. J, Park, S. S.(2019), Evaluation of PM10 and PM2.5 Concentrations from Online Light Scattering Dust
Monitors Using Gravimetric and Beta—+ay Absorption Methods, Journal of Korean Society for Atnospheric
Environment, 35(3), 357-369.

8) ZOIMIHX 2t0IEHD| JI0IEE, 8HE 2P s, 2018.10

9) Explore the data_Air Quality, 0] BHI&ARA(HEI), 2019.02.01.

10) HES 2I/2X2 22 HIHZEH AR dln 24, AEE 2 19, 2018.11

11) E. Diapouli, K. Eleftheriadis, A.A. Karanasiou, S. Vratolis, O. Hermansen, |. Colbeck, M. Lazaridis, Indoor and
outdoor particle number and mass concentrations in Athens. Sources, sinks and variability of aerosol
parameters, Aerosol Air Qual. Res. 11 (2011) 632-642. https://doi.org/10.4209/aaar .2010.09.0080.

12) F. Wang, D. Meng, X. Li, J. Tan, Indoor—outdoor relationships of PM2.5 in four residential dwellings in winter
in the Yangtze River Delta, China, Environ. Padlut. 215 (2016) 280-289. https://doi.org/10.1016/j.envpol.2016.05.02
3.

13) C. Chen, B. Zhao, Review of relationship between indoor and outdoor particles: I/O ratio, infiltration factor and
penetration factor, Atmos. Environ. 45 (2011) 275-288. https://doi.org/10.1016/.atmosenv.2010.09.048.

14) Park, H., Kim, H., Kang, K. & Kim, T. (2018). Analysis of Size—resolved Characteristics on Indoor and Outdoor
Particles in Korean Apartments, Architectural Institute of Korea, 38(1), 384-385.

15) How to deal with PM wisely,” Use the installed ventilation system properly’ . Kweather. Published online
2019:3. http://kweather.co.kr/upload/

16) Kim, J. Y.(2010), Models for wave propagation in two-dimensional random composites: A comparative study,
Journd of the Acoustical Sxciety of America, 127(4), 2201-2209.

17) Tourin, A., Derode, A., Peyre, A., Fink, M.(2000), Transport parameters for an ultrasonic pulsed wave
propagating in a multiple scattering medium, Journa of the Acoustical Sxiety of America, 108(2), 503-512.

18) Derode, A., Tourin, A., Fink, M.(2001), Random Multiple Scattering of Ultrasound. |. Coherent and Ballistic
Waves, Fhysica Review E, 64, 36605.

19) Chekroun, M., Le Marrec, L., Abraham, O., Durand, O., Villain, G.(2009), Analysis of Coherent Surface Wave
Dispersion and Attenuation for Non—destructive Testing of Concrete, Utrasonics, 49(8), 743-751.

20) Antonio, A. D., Popodla, O. A. M., Ouyang, B., Saffell, J., Jones, R. L.(2018), Developing a Relative Humidity
Correction for Low-Cost Sensors Measuring Ambient Particulate Matter, Sensors, 18(9), 2790.

21) BN, 24F, sl &5, AEM, E2RY, & SHRIA . (2014). SVPS-APS £ 0128t PM 10 & PM 25 2 &
=& BUHE Jisd %% b, t=2EHE2ASS| X, 17(3), 161-172.

22) Halder, P., Roy, P. D., & Das, H. S. (2018). Dependence of light scattering properties on porosity, size and
composition of dust aggregates. Icarus, 312, 45-60.

23) Mehri, T., Kemppinen, O., David, G., Lindavist, H., Tyynela, J., Nousiainen, T., ... & Miffre, A. (2018).

=]

F> rk&"

g

- 102 -



Investigating the size, shape and surface roughness dependence of polarization lidars with light-scattering
computations on real mineral dust particdes: Application to dust particles' external mixtures and dust mass
concentration retrievals. Atmospheric Research, 203, 44-61.

24) Piedra, P., Kalume, A., Zubko, E., Mackowski, D., Pan, Y. L., & Videen, G. (2019). Particle—shape classification
using light scattering: an exercise in deep learning. Journal of Quantitative Spectroscopy and Radiative Transfer,
231, 140-156.

25) How to deal with PM wisely, Use the installed ventilation system properly’ . Kweather. Published online
2019:3. http://kweather.co.kr/upload/

26) Yeo, I. (2019, June). Focus on solutions for apartment builders with Particulate matter. Kharn, 045, pp. 36-54

27) Jeon K, Lee J, Park J, Park H, Lee Y, Lee H, Nam K, Myoung J, Chai K, Kim T. A study of data accuracy
improvement for national ar quality forecasting. NIER. 2016:NIER-RP201. doi:
https://doi.or g/10.23000/T RKO201 700008074

28) Mukaka MM. Statistics corner: A guide to appropriate use of correlation coefficient in medical research. Malawi
Med J 2012;,24:69-71. doi:10.1016/j.cmpb.2016.01.020

- 103 -



1
]

ZF 9

1 Ol E_T’_A'IE %Eﬂ%_‘f_oﬂkl Alo

H8s wiEshs
do| A7A

ol =
shjct,

=2
=
=2
=

I7totet7|s 1Y {Xof

=2

gt =EuS7|

Hi=




	01_최종보고서(안)_보완본표지.pdf
	연구개발계획서-변환됨.pdf
	01_최종보고서(안)_보완본_enl.pdf



