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Development of Mie scattering lidar for measuring aerosols
in indoor factory environment
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A prototype lidar for measuring the spatial distribution of suspended particulate matter (aerosol) in
indoor factory workplaces was built and evaluated in a laboratory. The lidar is a Mie scattering lidar
using a third harmonic laser-diode pumped Nd:YAG laser (355 nm). The transmitter and receiver were
composed on an optical breadboard and manually scanned on a tripod. The lidar data were recorded
together with the angular data from a gyro sensor, and the aerosol distribution was displayed in nearly
real-time. The sensitivity was evaluated by measuring the distribution of smoke from incense sticks
placed in the laboratory. Based on the results, the possibility of downsizing the lidar system was dis-
cussed. Also, a method was studied to display the aerosol distribution in a 3D space in combination with
a small hard-target LIDAR commercially available.
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ANVIAL, WBEMOWRMST (ay b TIANRE) TRELZHLAZEZBREL TS, BNIEEY
DTV IVOFHITIZEE B CAFTHCONED, GAiZitET 52 EBLETH LG50 H U AR
DAV IA—Ta YHPHEICLEL LI BRREDDY, EETEHNTEL T4 F—~OWFEIKEV. 22
TiE, HICHT 2R8NS VEA L —F— (CFEAL —%— (LD) il N&:YAG L —% — D=
FdE (355nm)) AL E T HEBRI AT AERMEL, BT T OV EHWAZFERIC XD RN Z
f1o7z. TORRICESNT, 74 ¥ —EBEO/NULOTREORE 21T-72. £/, 3IDY Y EY7HO
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P— GERT7 4 =27 ZAL11038-13) VSV AIZAILF—=300u, #VIEL 100Hz) ZH7z ZEOFIE
25 mm THEFWEE TRA L2, 94 ¥ —RZEEE, WFET Ly PR— FRICHEEL, ST
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Fig. 1 Block diagram of the experimental indoor lidar.
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Table 1 ~ Specification of the experimental indoor lidar.

Transmitter

Laser Hamamatsu L11038-13
Wavelength (nm) 355

Pulse energy (pnJ) 300

Pulse repetition (Hz) 100

Pulse width (ns) ~1.0

Transmitted beam

diameter (mm) 10
Transmitted beam 05
divergence (mrad) '
Receiver

Diameter (mm) 25
Field-of-view (mrad) 100
Optical filter 10
bandwidth (nm) '
Neutral density filter

optical density at 355 2.5
nm

Detector Photomultiplier tube (Licel PM-HV-R9880)

Data acquisition
8 bit digital oscilloscope

T ient
ransient recorder (Teledyne LeCroy WaveSurfer 10)

Sampling rate (Gsps) 10

Gyro sensor

Sensor Yoctopuce Yocto-3D
Sensitivity (deg) 0.1
Precision (deg) 0.1

W5, EBEOMRBETIE, A5 —25R83mOMBEICN—Fy =47y FEREL, ZELEEONE %
w72 F70, ZEHETZIEC (100mrad) $52 8 THEEMEASDESHZETELLIHIIILTVWS. A
VATATEIA =R 2mOBENPSDITA T —RBEE2ZETAIENMETH L. T4 55—l
OFE CHifg - BEA) 7Ly FR=FRIGEELZY vy A0y TRHIL, 945 —7—% Lk
WCTF—F UL - T Y 2 —F TR AL T4 5 —FERY AT LA DOEE% Fig. 2 IR,

3. ERI7OVIORIEEER

FERENICE W BEOM 2 Tl EER 21T - 72, EBROBE % Fig. 3 \IRT. &2 58 2m #ih
WA CAGE CEHAHFELD-SR) 2% L, COiHIMEZ ZoRicBs iy 227 0 S VEERED v
V—=AF—=%E L7z BUARDS SO 1 m OB SR ZRE Lz, 250 X
D, WEOMIZZRHERMNISRL IR L. 94 7y —lEIR, ZWEORZERE PHTREBLI O
EEICW - K VIFFTILTIT o7z, FEITH 2O THIEEIZ—ETIE RV, Ix A0ty 0o 5%k
FECHMM - BEAT— I BMESNLDT, Iy ¥a—F L TInT 2 ETRE S A% HHTX 3.

TA Y =T = PO 7 a Y VEREEZLTORETHEEL:. 3, 94579 20T rotkd
ZRRET B, RICHEE 2 FHIEEZIT R, WMERHBGEREICIAT 222K 5. WEiREliTcd s 0
T, BHoRMEIEHTExS. Bk #HEETRIEATTOLA) —#HELLZ 7BV VO I —HELOFIT
HbH. WIHFIEFIZET, BHEZTONVERBECIATLIEELZOND. 2T, BUAGOEED
TAT—F—=F%RMEL, FTT /7 IVREINE S CAGTOMEDS 1 pg/m® K (BRI RALIT)
DGO 2 FHIEES 2O LAY —BER S 2 HET 5. RIS, 7R INVBEOBWT—5 (4
M OEERTIRK 17 ug/m?) 1220V, W2 #BHERET2O LA ) —BEKST 25172 fi & B L AGT D

%
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Fig. 2 Photographs of the experimental indoor lidar system. (Top) Transmitter
receiver system, (bottom) data acquisition and analysis system.

Incense smoke

Air cleaner .
at ~5 m from the lidar

In-situ dust monitor
(Sibata LD-5R)

« Manually scanned on
a tripod

Lidar

Fig. 3 Setup (top view) for the indoor lidar test experiment.
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X(r) =P r* =K[Bi () +B (M| T (0,1} (1)

CIT, PETREMEEZRELBOZERETHRE, ri3I4 5200l KIZL—F—x )
F—LETREINDI VAT LAERTHS. pREFBEMSRTTIHELTFO 1 L 23ZhFh Ty
o KA TS ERY. TIZFA ¥ = ol r FTORKABEBRET, BPHEET L0 2HFE LT
5., ZZTIE, EHBECHAHORKEBRFITILTHILNTESL., Ty VERBEZHENT L7720
&, 945 —TF = OB EBERE AR L, B UAGTE KT 2LEDH 5D, AR TIE, BEOM
PEWZ )=V RAeT7a V7)) —LREL, T70 V7Y —BE5LOMEREZFETSLI LT,
B il L 7.

X (r) 1]

X0 @

B (1) 2,32[
22T, X3 7uevnr)—EEEET. B, 2 Xtox (/X () EE&EEHEELE VA1) —Hk
GLg EGELO . (B #ELL) Th 5.
WRBEOS M (r) X 3) RNDOX I BT ENET 5.

M (r) = Cmppi (1) (3)

C IS, Cup FBERET, MUARIEIAF—DRIKIZE YRD/Z. Z7 0V VO ERREEH 15 ug/
m* DL EZEFHFMEITZ T OV T ) —KEORH 21, ThbLEIHELIIEN 2 TH-o72 355nmm DL
A ) —BEL OB SR EIER 75510 P m T lse TN TH B O T, ERIEE 15 ug/m? IS T 5 I — LR
AR EUIER 75%x10 P m e T TH B, ThDbD, BAHBEURKR—T 7 v V)V EEEEREARE Oy
12 2.0x105 (pg/m®)/(m~'se™!) &5,
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FOBIC XV ESN T Oy VO 454 % Fig. 4 \Z78 . Fig. 4 (a) 2K FAF* ¥, Fig. 4 (b) 1&
Fig. 4 (a) DRI 7|EAF ¥V ThHbH, ERIBEEELHT— AT —VTERLTWS. Fig. 4 (a) 12
MBEOME, B UAFOMEZR L. Fig. 4 (b) OMBIIKFEAF X Y OROMEZFET. BEOMIZH
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Fig. 4 Spatial distributions of aerosol mass concentration obtained from the horizontal and vertical scan
measurements. (a) Plan Position Indicator (PPI) scan and (b) Range Height Indicator (RHI) scan.
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FEONED S LR G INIEH > T B, RWERS TRERR 40 pg/m® TH o7z, B LAGTOMETORERE
B 150g/m’ TH o7z, EHEEOIEF ITRVE T IEHOHIIC L 200 TH L. ZEHRELL/LT
WABIZHPHDb ST, BHOHELIIRECHEIN TS, 2B, ZOFEBRTRIT OV ILVORELDHE Y %
BELRNVERDIIICZERIIND 74 V% BT 4 Nv5) ZHWCHE L. BEROESI1E AD £k
DLy IVRBZTHAILTVWLAZ TV ERT2HUERE N

I7 OV NG5 BNEM OB THIEICIERT 272012, "—FF¥ ="y hD3D <y ¥V T %2119
LiDAR L LT, M—OF— % ZHOL» T T O ViEESM i 2 EHT L ENEHTHS. 22T
X, 1 ¥ 7o LIDAR (L515) Z W TEBRED 3D 7= #5HIlL, Z0 3D ZHodicz 7 )Ly
i FoRd 5 HEEMF L7, Fig 5ICFig 4 1R LAAF Y VIl FRLz—Bl% LT, 3D 7F—F DO
DAty % eI DAl & R AE, HAHVIIMTHCTHOAiZ 5 2 LA TE 50T, W& E ONEMGRLZ &% H
BECHEIR T 272D HTH S, B, L5I1SZESHEAIELZI 7OV VIIIEKENHE L, 3D 77— 412
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Fig. 5 Example of 3D indication combining the aerosol lidar data (color scale) and the 3D mapping data
from a commercial LiDAR (black points). The aerosol lidar data are the same as in Fig. 4. Brown
areas indicate strong scattering from the wall and the floor measured by the aerosol lidar.

FNZTOVN T A F—TREBEROPEAFEFICRE VT L 27225, DTS, =70V ERRORG
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TA T — A A=VERFAIICZET S HR) TERENOZ 7OV LVHIEIRE LW AN SN, WENR
THAHITUY LML) GEHEICON—FY =7y 355 L) A&, N—F7—7 v MoikELE &
L EIEABOH O 7 TV IVERINC T 5 W REED 5 5.
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