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Backscattering echo characteristics of haze detected by ultraviolet laser
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Abstract: In order to study the backscattering characteristics of the haze by ultraviolet laser (UV laser), the UV
laser backscattering model was established to simulate the backscattering process of UV laser under the haze
conditions, based on Mie scattering theory and Monte Carlo method. The peak power, peak delay and full width at
half maximum of the backscattered echoes of ultraviolet laser pulses with different widths were analyzed. The
results show that, within the certain range of haze concentration, the lower haze concentration and the narrower
the emission pulse width are, the more obvious the distortion of the laser echo waveform is. As the width of the
emission pulse increases, when the emission pulse width is larger than 10 ns, the laser echo is approximately
Gaussian distribution; Under the same emission pulse width condition, the peak power and echo peak delay of the
laser echo increase with the increase of the haze concentration, and the full width at half maximum of the echo
decreases with the increase of the haze concentration, When the emission pulse width is larger than 32 ns, the

peak echo power tends to be flat. The results of this paper can provide a theoretical basis for UV laser detection of
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haze concentration and analyzing the echo characteristics of haze backscattered laser.
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Tab.1 Partial simulation parameter

Parameter Value
Laser wavelength/nm 266
Laser divergence angle/mrad 5
Emission optical lens diameter/mm 12
Receiving optical lens diameter/mm 25
Emission photon number 10°

HHaze Haze concentration/pgm > 100, 300, 500

2.1 ESMNHEEHHE R S R H S w88 & m AL

Pl 2 J2 28 SO T ARE 238 76 L B A o3 A
B B0 T W K K PM2.5 ¥k JiE 43 B 100 pg/m’,
300 pg/m® Fl 500 pug/m® AUHLETHER T A R . Bl 3 2%
HNEOCIRIN K 5 1) J ) 1S ok i 3

H 1] 2 AT, 58 MO I O O Bk 32 B A v A i
3R, AR T R, s R AT 158 A 6 iU AR
FRHK o AE— 5 IS U B S PR N, s e B AR, T

201904144



s Gk A2

% 64

www.irla.cn

23

% 49 A

SPP AR A R AC L PSS AR 23 i A S Sy 1 A
ETFRESE PM2.5 HEH 100 pg/m® 454 300 pg/m’
B, G AE SR 6 0 B G, JE R 2 Y, B
R 9.01% 3 AN F] 18.7%. PM2.5 ¥ i i 300 pg/m’
A5 Ry 500 pg/m’ B, BT AE R AR LH AR XN, R S R
2 K2 R ML BER, TLT A A8 4k . F AT LA
B AR KRR B P, B R 3G A R
FHE RO AL F I K AR B AR

0.6

—=— Sunny day

—e— PM2.5 100 pg/m?

——PM2.5 300 pg/m?
PM2.5 500 pg/m?

54
[o3

N
~
T

e
[}

Scattering probability
<)
W

0.1F

¥

1 2 3 4 5 6 7
Scattering times

P 2 IO HUN A A

Fig.2 Ultraviolet laser scattering probability distribution

o
S
oy

0.02}

0.01H

Intensity of response/10°W

100 200 300 400 500
Time/ns

3 SRSMHOLIS 1y B wh et

Fig.3 UV laser backscattering impulse response

M 3 AT LA, K R AT, EANEOL )R
1) FEC S o o 7 [T A S A ok e e 5 R 06 (L i %
A
2.2 AEZEEHEIMNMSL K E R B IR E A

Pl 4~6 2 B 58 R AR E T AN TR 5 B2 1 S5 A O
ok i ) B Rl RO 2 . IR R U i, g
ok b O (] AL AT o B AN W A
ok b ) 8, SO [T 30 I W A8 A /0N, e Je L A

N E . TR N, KWL T R A
AT 5 e S5 SMIOE B9 IR, QA 4~6 TR, B
R 3k e JBE 1A T e, RO 1 90 WA 2 40 7 8 T A
UnP 4 AT, S K AR N O IR S B v
R TR B K S 25 1F T, BAUCHIC BT o e E A

(SR A0

0.5
" —— Pulse width 2 ns
I Pulse width 4 ns
0.4 I - — Pulse width 6 ns

o0 Pulse width 8 ns

Y — - Pulse width 10 ns
R - - - - Pulse width 12 ns
W Pulse width 14 ns
AN - - Pulse width 16 ns

=
w
T

<
[\
T

o
—_
T

1
’

400 500

(=]

Power of the backscattering signal/10° W

0 100 200 300
Time/ns

& 4 PM2.5 #J¥ 100 pg/m’

Fig.4 PM2.5 concentration 100 ug/m’

0.6 - - —— Pulse width 2 ns
! | Pulse width 4 ns
054+ P — — Pulse width 6 ns

o Pulse width 8 ns

L Pulse width 10 ns
0.4 et ---- Pulse width 12 ns
ORI Pulse width 14 ns
0.3+ MARRREY -~ Pulse width 16 ns

02F o0
R

0.1f o

Power of the backscattering signal/107°* W

0 100 200 300 400 500
Time/ns

Pl 5 PM2.5 ¥ 300 pg/m’

Fig.5 PM2.5 concentration 300 pig/m’

11 7 W] At O el 0 (8 ) S B & 5 Ik
R R N T NN 2 1 1 QU L v |
32ns J5, AR (R DA T 22, IR, 78 & 5 Bk o
i 5 X BRI, B 5 18 o i S Ik e 8 A B v 0
6 [l P VA T AR A ROR I AN B . — 2 K 5 e B
TP, H KRR B A, 58 SOk [ i 0
(ERZIESS R/ 83 Ai0E DNITR: b NG W2 [ SUI
JE R, AN [ B K i 2% 1F T U8 Tl g e ) %A
ZEBA o AR K KR 8 BE Ry 2 ns I, PM2.5 Rl
100 pg/m’, 300 pg/m® F1 500 pg/m* X 57 A4 B0 171 9% 14

20190414-5



ISk A2

www.irla.cn

% 49 A

% 64
0.8
‘. —— Pulse width 2 ns
0.7 " Pulse width 4 ns

"y - — Pulse width 6 ns

. Pulse width 8 ns

r - Pulse width 10 ns
[ ---- Pulse width 12 ns
Vo Pulse width 14 ns
--- Pulse width 16 ns

e 2
(9] [=)}
T

e 2 L «
—_ N W
T T T
-~
-
-

Power of the backscattering signal/10° W
o
~

0 100 200 300 400 500
Time/ns

&l 6 PM2.5 ¥ 500 pg/m’

Fig.6 PM2.5 concentration 500 pg/m’

BTN 50 0 0.072 pW., 0.093 pW 1 0.119 pW, # 2%
AN, 82 5% 563 Jik i 52 3 R 36 ns i, AN ] 6 588 e i Xof
N7 (4 TR 35 W {2y #5643 5l A 0.786 uW. 1.033 pW Al
1.284 pW, 22 BEAHXT K o PRI, 7E — 8 K 5 K 3
FEL DY, AT AR 5 R ) i S ok o o B, 3 5 43 T 8 b
e BN AL ERIES s W NEF I )/
sl L Y, 78 S bk o 58 B AR R B0 2% 12, ST
W E VNG SN TR SR ES N
UG R EFRIE N

Py = 1.283P+0.020 9 (27)

Psp = 1.630P +0.003 2 (28)

P pJE PM2.5 Wl 100 pg/m?® X B A [ 95 s
TJPE; P FPsgo 2= PM2.5 WA 300 pg/m® 1500 pg/m’
XiF I 1 T 30 W (T 2R, PR, 7E — K 2 VAR Y
P, AT AR SR [R] 5 2 1 58 SO ik o, SR 5 43 BT I
St L W D)2, IT 24556 R B R A Ok X 4 AR TR
B Y KR

1l 8 W LU Hh, & 3 Ik o 5 B2 8K, W80T Il g
e A TEBR, 24 K G ik B8 BE KT 6 ns B, O I
Pt 4 v 5 R K vp T B R AP M E R, R
ik G B RGN 2 ms, [ 5 A SEXG N 2 ns; £ —E
R 3 R S L PN, RO T > v 4 B B o R 5 vk B2 1
BRI/, A8 S 55 Wk v 9 BE R T 6 s IR, 22 S5 AH [
Vi BE OB Bk o, PM2.5 W Bl 100 pg/m’® X A [
P2 4 B 1 PM2.5 R FE Ry 300 pg/m® Fl 500 pg/m’
XoF 7 14 1 9 2 v5 42 9 3 31 K 5 ns F 8 ms. PRI, 7E—
SE KSR B LN, R LA AT & G 56 B KT 6 ns 1948
AMBOCIK T, 53 B0 1195 24 o 4 T A BRI A ] e i

(IR S, OG0~ o 4 T/, g e LB

—=— PM2.5 100 pg/m’
| —e— PM2.5 300 pg/m?
L —~— PM2.5 500 pg/m?

— —
[=] [\

e
o0

Peak power/10°W
o o
> o

=
)
T

0 4 8 12 16 20 24 28 32 36 40
Pulse width/ns

7 IR S E OGRS i B TR e (D

Fig.7 Backscattering echo peak power of laser pulses with different

widths

—=—PM2.5 100 pg/m?
751 —e—PM2.5 300 pg/m’
——PM2.5 500 pg/m?

0 4 8 12 16 20 24 28 32
Pulse width/ns
8 NI S RE AR i i B Tl o v 42 5
Fig.8 Backscattering echo half-height full width of laser pulses with

different widths

A B9 BHL, FE— E HKSE R EE N, SO R
57 WA s S ot 5 3 A B2 P 398 O T 4 R, RO T e e
R S i 25 2 S Ik e B ) 380 5 S 0N S R
B Y% Pk R E R T 8 ns B, O R1 ik ik i i FiE
SRSk oh SEE RAMERKCR

H1 DAL B S nT A, A6 48 AMBO R R TR
W IR ST, T DURR A8 52 BrAds 50 43 A AN W] B9 0% ) 1h)
FC I RAAE o 7E VR B K3 2% A T, AT D K i
BER SR AN Gk e, 38 245 21 09 S 1) B3 e g 0 (L

TR AR I 58 ¢ BE 5 e K 56 25 1F F, AT LA
SY9EEERT 6 ns BYBOGHK i, 8 7 O 1 Y2

7R A GO OR PRI g T BE o O T 4R s AR K o )
JE, T LAZRG 25 O [ 5 A e fEL Th 23 | 5 e by 3 A1

20190414-6



s Gk A2

www.irla.cn

% 49 A

% 64
95f —=— PM2.5 100 pg/m’
—e— PM2.5 300 pg/m?
3
ER! —— PM2.5 500 pg/m
=
.2
285}
"
B
Ay
80 +
75 1 1 1 1 1 1

0246 810121416182022242628303234
Pulse width/ns

V&1 9 ANIR] T BE Ao K i 1) HSCHT [ gk sy 3iE
Fig.9 Backscattering echo peak delay of laser pulses with different

widths
25 4 T SRR ) AR AL LA
3 4 8

TESCHYEE T 5 ANBOE i 1) B ER I K SR, ]
SR RIBITEDIIE T IR R AT, AR 58 Y
SEHNHOC K i 1 HUS el R . PSSR INT : AR
— IR U S BB P (1) SE MO A s T A i
AU YO B P T 3 W, KSR R S A A T
PR SINCHUNBER . (2) JSE R BEBUIR, A 4t bk np
A I, O [ 0 MR A AT S o S A T A A ik
I B8 L, SO [T 8 S A /0N, e i AU A e A
OP A o (3) g e JEE A3 A R 4R e O 1m0 g
(D)3, H A S8 Mok v 58 528K [ i e ] oy 3% Al
Ko TERGT kb 5EBEAR TR 25 1F T, ANTR] R B2 M 58 1Y
SOMHOE T I D) AT R R SE R o (4) K5
JEBRR, 58 HMBONL ] 35 I WA I B A, [ 302~ oo 42 5
M/ o VBSOS IR T N 4 T SEANEO LRI K 5 e
ERMES%

SE Lk

[11 Kong Ming, Yang Tianqi, Shan Liang, et al. Haze detection
algorithm for image energy and contrast [J]. Infrared and Laser
Engineering, 2018, 47(8): 0826001. (in Chinese)

LI, AR, AR, S5 PR AR I 50T LU RE Y A 0 B v 0],
LA SGIOE T AL, 2018, 47(8): 0826001.

[2] Zhang Mengjiao, Cai Yi, Jiang Feng, et al. Progress of UV-

enhanced silicon-based imaging detectors [J]. Chinese Optics,

2019, 12(1): 22—40. (in Chinese)

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

20190414-7

TR, BRR, VLI, 45 SR HMERR I SE R T f kSR (1],
J62#, 2019, 12(1): 22—40.

Mao Xiaojie. New development of high power picosecond
ultraviolet lasers [J]. Chinese Optics, 2015, 8(2): 182—-190. (in
Chinese)

T/ B YR BRSSO AR BT E R (0], T EDE 2, 2015,
8(2): 182-190.

Shi Dongchen, Hua Dengxin, Huang Bo, et al. Effect of violet
outdomain wavelength selection on detection performance of
water vapor Raman lidar in all-sky [J]. Acta Optica Sinica,
2018, 38(12): 1228003. (in Chinese)

AR, AT, Y, S SN R 2RI KR AL
WO T 5 B0 R Y 5 i [J]. Ot = S 4, 2018, 38(12):
1228003.

Zhao Taifei, Leng Yuxin, Zhao Siting, et al. Study on ultraviolet
light scattering characteristics of haze particles [J]. Spectroscopy
and Spectral Analysis, 2018, 38(3): 837-843. (in Chinese)
RARTR, W B, BRI, 55, 55 SR 1 A S A G R ST
[7]. i 55638404, 2018, 38(3): 837-843.

Wang Hongxia, Zhu Youzhang, Tian Tao, et al. Research on
laser transport characteristics in different types of aerosols [J].
Acta Physica Sinica, 2013, 62(2): 024214. (in Chinese)

FLLER, TR, B, 55 BOGTEAR R 2SR R e G f it
WFFE[I]. Yy, 2013, 62(2): 024214,

Chen Huimin, Liu Xinyang. Backscattering polarization
characteristics of sending and receiving coaxial pulse laser fuze
in water mist [J]. Optics and Precision Engineering, 2015,
23(3): 626—631. (in Chinese)

AR, X BH. Wk RV R o' |5 7K 55 v ik s o] 1
TRIRFFPELT]. 6 i TR, 2015, 23(3): 626-631.

Yang Yuchuan, Long Chao, Tan Bitao, et al. Influence of
atmospheric backscattering on active detection of laser pulses
[J]. Laser and Infrared, 2013, 43(5): 482—485. (in Chinese)
EII, Jell, AR, 5. SR S E S EREO Lk
RIFZIAI]. WOESL051, 2013, 43(5): 482-485.

Wang Fengjie, Chen Huimin, Ma Chao, et al. Study on the
characteristics of cloud backscatter laser echo [J]. Infrared and
Laser Engineering, 2018, 48(5): 0506002. (in Chinese)

ERA, BE, B8, 5. 2% )5 WU O R R ETT T
[1]. LLAM SO TR, 2018, 48(5): 0506002.

Qiao Shuai, Pan Weilin, Ban Chao, et al. Based on Rayleigh
lidar, the atmospheric density of golmud mesosphere is studied
[J]. Infrared and Laser Engineering, 2018, 47(s1): S106005.
(in Chinese)

Frih, HRRTHE, BEE, 2. ST R FHOL S B R A ] 2R


https://doi.org/10.3788/co.20150802.0182
https://doi.org/10.3788/co.20150802.0182
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3969/j.issn.1001-5078.2013.05.002
https://doi.org/10.3969/j.issn.1001-5078.2013.05.002
https://doi.org/10.3788/co.20150802.0182
https://doi.org/10.3788/co.20150802.0182
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3788/OPE.20152303.0626
https://doi.org/10.3969/j.issn.1001-5078.2013.05.002
https://doi.org/10.3969/j.issn.1001-5078.2013.05.002

ISk A2

%64 www.irla.cn % 49 %
SR I BE 5T [0). 4100 5 Ok TR, 2018, 47(s1): [12] Huang Chaojun, Wu Zhensen, Liu Yafeng, et al. Numerical
S106005.

calculation of scattering phase function of atmospheric aerosol
[11] Zhao Taifei, Guo Jiawen, Li Hanchen, et al. Ultraviolet detection . X .
particles [J]. Infrared and Laser Engineering, 2012, 41(3):
and location of power line corona in uav track [J]. Optics and

. . . . . . 580—585. (in Chinese)
Precision Engineering, 2019, 27(2): 309-315. (in Chinese)

XK, B3 S, AR R, 4 Te UL T A2 S S A R BT, SRARAR, RIMEEE, 55, R IBORL T Hc AH R AR %
W5 ERLT]. e M5 TR, 2019, 27(2): 309-315. A M5 EOE TR, 2012, 41(3): 580-585.

20190414-8


https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3788/OPE.20192702.0309
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007
https://doi.org/10.3969/j.issn.1007-2276.2012.03.007

