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Development of low—cost high-spectral-resolution lidar for air quality monitoring network
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Ty 7 =R, WL, KREKIGYRL 1, WX A ) OBEBRREOHEZITo7-, KEORKH
BEThirzTay VEEDL» AT -4y FEBET DL Z LIRS LT,
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YEMH - 35 pg/m’) ITRXE L7,

LA R DA TAI=T A s H—Fy MIAA VT LERN LIS E R —F—BE L LT

EHLEL—Y—, L= —DREARRFEIT1064 nm,
2L RV TAcVF UL TNETA RCHXAT U LERNMLEEREZERL —F—BUE L LTE
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>

BS | Glass block

N

T1Nd
<
T

Multimode laser LI—

IHH——

160 MHz A/D
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1 Transmitter

" : Function
N2 generator

Biased photodiode

(Bandwidth = 2.5 GHz) $
A\ Retroreflector
AN on a piezo stage
Laser
. Retroreflector
Focusing lens <> on an X-axis stage
ND fiter —F— NPBS Glass block
D
Beam splitter 7

Collimator lens <_|_ >

Beam '\
splitter

Biased photodiode
<[> Lens (Bandwidth = 2.5 GHz)

Mode

scrambler ~ CCD camera
for monitoring interferometric fringe

K-1.2 L —W—2~27 hVEEO TR O & E

Multimode fiber
(9200um, 0.22NA)

(3) v InE— R —%—LEFMFUWE 2 HV 72 HSRL & 27 AT K 2 el i F25R
AKIFGEORNE FIEOHNEE FEIET D720, FEstE L—F =D L WITL T, RO 7L
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£ 355 nm & 532 nm @D 2 R FEIRFHH S 27 A& [ENLBREMFIEETIC THEZE L, 202048 Hic=T7 vy L
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(4) PBHFEET AT 2T L 2 s E F28ds L ORI =7 a2 YV VIR E OHEE
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i=1
4
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4
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obs _ \ Xi @s32,i (1d)
355 Smodel
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MECF
((ug/m*) / (/km)) 8.5 715" 150 1000
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FT. TAX =V AT LD LR DT ORKELRE LTz, THHONEEDENZLD T
EAEDT I 2 b—ra UREREK-1.4() IR T, I —BELUTH T2 FHEERERSWZEZT 1Y
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wiZ, =P —DARXy T ERE LT, L—F—OHENITHKTE2HEHBHRED T ¥ LAFREIZHONT

OHBEREREZK-1.5IZ7T, L= —OHITNRKEWNIZTE, BEMHETERREI D70, BEIT/N
S D, o, BHEEEIXSED 2 RICKFITH720, BEEOBRENKE LD, RPFFTIL,
TT7a YRS L FET HEES kmPL FIZOW T, HEIRE D 7 % AFRZE730.01 /kmPL FIZ72% X9
=Y = hERE LT, PR TREZEO TRER, V- —OEEELEHIC L >TikED, 22
TiX, FRRE2%0.01 /kmPL FIZ72 D £ 51T, EARKOFEMEEZ® %220 MHzIZRE LTz, #ELV—F—%
Nd:YAGL —H— L 4HE L, A OBERMAAEE0.5 mJ@355 nm, 5 mJ@532 nm& L7=, JFR355 nmdD J7 3K
WEZRBEH & LTE, HEES32 nmE AT U A U —BGELIRESSRELL LR E < B O BRI K
/25 THLH T ENFETbND, LRV AT ARG L o TRE SN DFE T £K-1. 212777,
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Specification of 5RF-2001 HSRL

Laser system Diode-pumped, MOPA, multimode, Nd:YAG laser
Laser energy 5mJ@1064&532nm, 0.5mJ@355nm

Repetition rate 100 Hz

Laser mode spacing 1.5 GHz

Spectral width < 100 MHz (for each longitudinal mode)

Stability <% 3 %(Power), < 20 MHz@1064 nm (Frequency drift)
Beam divergence < 0.5 mrad (full angle for 86% energy)

Telescope Schmidt-Cassegrain, Dia.=200mm

Field-of-view 0.5 mrad

Band-path filter 0.5 nm (full width at half maximum)

Interferometer Scanning Michelson interferometer (FSR=1.5GHz)
Detectors Photomultiplier (UV, VIS) and Avalanche photodiode (NIR)
Data acquisition A/D converter (160 MHz, 16 bit)

FROBFFHIESWTEEM <A 7Y U FERERBE L, L—VF—ORIEX A I ZIZFEB L
TTWet2HIET 22 LT, Ax v ket Lz, K-1.6l12, 7727y ar YR —2nb
DANEEES (B . THHOEr=YREFOINEES R . L—F—HHo1 L2 F5

HR) IOV TEHM SR ERT, Ei/ﬁ%i ADEEP B msBN TS EARD | L—
P—SHo L4 I 7 (KREEHHD) TIEEFREBIZR S, IAFXF YOIV 2EOBEFEEZRET H I &
WZEU, MEFWDOPWRICKH LT T 4 v T 4 TR ERARORERZMER LI, ZOAX ¥y U F
KEFoTHEENTZAF Y T =2 EK-1L. RS, KEIEY 77—~ 2 THB I L —F— %18
MLTWD (REROFEMITRE TH) . Ml =Y EFOEINEE %2 FkE oM aIc 8 L Ty
%o KFORMAIZHEROFEEEE, FRIZAF v T —FICONWTT 4 v T 4 7 STl E R
T, BEDAT v TR TAF Y T5ZET, WET —FXORESNAREIZRY, /A XEEPFTEDHE
J7e . T X BEOME/NE T — X fET OB LIZ kB Lz,

May 18'™", 2021
O T T T

[ — Laser trigger
400 - — FG input LT

- — Sensor output j.J”' T

300 - -
200 |- J'-VJ |
wl| | LT ;

0 b

Signal [mV]

0 20 40 60 80 100
Elapsed time [ms]

B-1.6 THEFAF ¥ OB (FGIZ7 77 v arY=rb—4)
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Interferometric signal [mV]

(2)

5RF-2001

2500 - : : . : . : : Aipril I1 3th, |2023
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B ¥ "
0 L | L | 1 | | L | L |
—1 0 1 2 3 4 5

Phase [rad]

K-1.7 AX ¥ UMEBL T 4 v T 4 v TRRFT OB
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YT T 2 TR LI L= A TR TN L. TR & RIE L7ofl £ % K1 810
T FEEIOREEZEDKI200 mmDIFIZ F R E O g KMEZSHIE S iz, v~V FE— FL—F—DF—
RREIFE21.5 GHzTHHZ AR L TEY | (R THRE LI FWEOAXY MARBIC T 52 &

R LTWD, E—ZA0EIF200 mm2 541 mmA LT 5 205,

VP —IRRORSELEZADHIET

200 il —EEHDLZENFARTH D, ZOERFBERNS, L—F—IRIFOK S %0. 5 L THIE
TAHMEAZIRD AND Z LI oT-, 77, WMPOEBRIIT I 2L —a UERZRLTWS, TR
HEDORKE SIZL—F—DFEHE— ROAXT FUIRIZE > T, DAOIEIEL—F—DF A Vg X
STRESD, SEOEBRERNS ., FEEE— RO X7 FUIEIZ60 Mz, 7 A VIRITHK20 GHz & #EE
SN, FARIZON T, NdYAGL —H — Ik L CHRATMIE TR OB E S L=, £/, BA¥
BE— ROAT MVIRIE, BREAEERO100 MHz &L D $ < HSRLAH O L —H%— & L THEABHY /R A~

ML ZEBLTWD,

Interference visibility

April 13, 2021
1.0 — T T T T 1 T |
| LD pump energy = 1.5 mJ e Experiment
09 | Measured pulse width = 13.7 ns —— Simulation
' R S
0.8 |- A KX -
x X3
// \\
0.7 |- ¥ N N
/ \
/ EN
o6l A N
- // \\_
/
0.5 d I N N R R
192 194 196 198 200 202 204

Interferometer optical path difference [mm]
X-1.8 U7 2 A% L — Y —I1Z/$ 2 THMHEHEORERE (LD L—P = A 4 —F)

FT#Etz Tl —Y =g v MEOFEBEEEB 25 L2k R 2 K-1. 917, A ELS O
PR ATV Mz TH Y . THEr O A B AR (1.5 GHz)
TSR —F =L ALV OLEHTH Y | BERAREZWZL TWD,
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100 Laser frequency variation (pulse-to-pulse)  April 13t, 2021
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6 (b) Backscatter coefficient at 355 nm [/km/sr] 0.01
E‘ 5
= [N e | !
= 11 h e | §insg, Yo ! I \ i
P N . 'ﬁﬁ i | ‘
4 { dli ; \ " Wi A i
z ] hvwh » .’l".*"’&:’l e TP, It ‘AJ 1y ) Eh ‘I ' .YMM ﬁ'dt i
0 T T I I T | | 1 I I I T T 1 I I | I 0.00
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Mass concentration of aerosol component
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[Abstract]

Key Words: Atmospheric aerosols, PM2.5, Mineral Dust, Black Carbon, Air pollution,

Biogeochemical Cycle, Environmental Measurement, Remote Sensing, Lidar

A low-cost high—spectral-resolution lidar (HSRL) was developed for monitoring air quality
A multi-longitudinal mode laser, which was widely used for aerosol lidars and lower cost
compared to single-mode lasers, was used as the light source of HSRL. The multimode laser was
designed to have the same mode spacing as the free spectral range of interferometer optimized
for the HSRL measurement. As a result, the laser had a short cavity length and large mode
spacing, but it had a narrow spectral width comparable to single-mode lasers. The
interferometer was scanned over the range of one fringe, and the interference visibility
containing aerosol backscatter information was obtained at each height through fitting
analysis of the scan data. The interference visibility and fringe position were calibrated
with the reference signals taken from the part of the transmitted laser. We successfully
carried out continuous measurement of aerosol profiles during the daytime and nighttime. The
performance of the new system was greater than a previous version, which employed a laser
with a much longer cavity. Vertical profiles of aerosol optical properties were retrieved
from lidar signals every hour in near real-time. Aerosol extinction coefficients for four
types of aerosol component (mineral dust, sea salt, black carbon, and air pollution aerosols)
were then estimated from aerosol optical properties (extinction coefficient, extinction—to-—
backscatter ratio, backscatter color ratio, and depolarization ratio) measured by the lidar.
Mass concentration of each aerosol component was converted from retrieved aerosol extinction
coefficients. We successfully produced 1-month data set of aerosol concentrations from the
continuous lidar measurement. In the future, the developed lidar can be used in the current
lidar observation network of the Ministry of Environment of Japan to enhance monitoring of

mass concentrations for various types of aerosol component
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