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Research on light intensity attenuation and variance characteristics
in rain of different regions in China
XIE Mengqi, KE Xizheng
(School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: This paper conducts a study of the relationship between the received laser intensity and
the rain precipitations. First the MIE model is used to calculate the relationship between particle
sizes and scatter parameters. Then the received laser attenuation including both coherent field and
non-coherent field is calculated. In those calculation results, Marshall-Palmer distribution is com-
pared with Drop Size Distributions of different regions in China. And the spectrum of scatter light
is derived with the velocity of raindrops. It is found that as precipitation increases, the variance
increases first, and then decreases. And it also relates to the attenuation. The model is verified
by using measured data, with results indicating that the Marshall-Palmer distribution fits these
data.
Key words: MIE theory; drop size distribution; intensity attenuation; intensity fluctuation

T4 Bifi F JC 2O (Free Space Optics, FSO)
WAF B &R, B 2S5 M DL b b 22 1) ) FSO 3 {5
RGBS AR L 29 FSO 3135 14 B 22t 3% 7 Y
B, S ESALL.FSO @15 RS % KR4
SR K FERE TN L 55 30 AV A2 SF R i KT, 32
WO IR AT 5 09 32 D8R TN PR A FSO 38 17 & 48 10 3 i
R B AR TSR B L TR R R G £k Ot
15 T G & A Tl DN MR B 4 ik s B
G BT B R RN I 1 AR, X T AT Ok H O
MIE #5& B 34 7 7 B, B R ~F 4 i (Drop

s HHA: 2015-08-04

Size Distribution, DSD) N (A §f # | b 38 A [H] ifi A
[, Al-Gailani % AT B R 2R 58 0T L)% 1
FEWR AT TR O R T2 b R R 43 A R R
T 2T B A NN 25 R T 1 A5 A v B s R DR AT T
FL A G [ P9 4% b R T % B = BT ET . KRBT
PR3 0T ] P 45 iR O AT T R TR (R
R US4 224 Hb 1) R T 5 0 A 20 56 ok AR BT A
5L ATH T RGO E @A, A BRI A5 A R RSk
F R FSO {5 RG ke AT T R E . RE T
KBRS AHE L SR DA A B 5T A

BEEMB: ERAKFFILES BT E (61377080 ; V1. 7548 48 J A BEMEWF 58 & Wi 3k 4 (35 = 4it) % B i H (BE2013088) ; [H

FRHE AR 3 4 P Bh I H (13C26213201867)

EEE N Ma, B A R 71 o KRG E &K . E-mail: xiemengqi@ stu. xaut. edu. cn
BIRESE: PR B 802 R L R T A RO (S . E-mail: xzke@263. net



2 VU223 TR 222447 (2016) 45 32 45 1 1)

T FE MO 558 T Dok B0 400 BT 2 T D A RE A R S B o
PNGPitis e INIRISOR I TE Sk I NNEE D)
T FSO @7 WOt 7 22w RGP
RS0 S MIE A58 78 F1 e [ 25 R 3 3% T 55 ot
588 M7 25 9 5 2R Il e S I 40 8 AR AR

1 #FHWHEHE

SETE K B 5 H22 WSCHL 1) R 28 A2 1 B, 422 IS BL AR
WE 5 S OG R IEA] 5 AT LS AEM T35 1
ZHT S R P A T W G R
I L+1

I, I,
s o LT B T 5 0 2 A0 5T A4 WSO TR FL AR A
KT B o 5 BUR R 0.2 225 L WG FERR RS .
HRAE MIE B S A BRI R 5 19 6 78 1 A
IS AT R] 2R R A

= exp(— w.L) 1)

o =2n2(2n+1)Re(a”+b”) (2)
n=1

0. =2n >, Cnt D (a* 4 [6,]2) ()
n=1

6. = 0 — 0, €Y)
Ao a, M6, 53550 R WA TE 55 E 5 B 5 o 305 31
JIT 5 28 TR X IO 18 7K A Jo 52 3 S 38 I SCRRL 18 .
2R o SRR S Z Wil R 1Y
AR 2R B8 DRI A X6 R 198 S0 S TR DG 8 T
W AR TR T 3 90 3 B3R 1 %) ST 48 TR R B o L TH O
BTHT ZR L o A BT R 0, & RECH AT RE
SR ZIA R A 1 A 2 s,

4
&2 Iﬁ”“
0

0 100 200 300 400 500 600 700 800 900 1000

& 2w e
%0 100 200 300 400 500 600 700 800 900 1000
"";1 igg,ﬁm%aa @, 4=6.65E-09x+1.161E-07
0 100 200 300 400 500 600 700 800 900 1000

kT RS Hix
BT 4K 550 nm SEXRLF 1B 2 5

Fig. 1 Particle scattering parameters of 550 nm
wavelength light

B 1A 2 oo, B AS 3 22 10 17 2 i Tt
B o M o B P AR BB R 22
X a, HEATEMERLG A5
)t = 6.655 X102+ 1.161 X107  (5)
Q& = 5.564 X102 +3.577 X 107 (6)

00 100 200 300 400 500 600 700 800 900 1000

0 100 200 300 400 500 600 700 800 900 1000
@, 4=5.561E-08x+3.577E-07

J L

0 100 200 300 400 500 600 700 800 900 1000
BT RS Hix

Bl 2 A 650 nm LXK F I HU S5

Fig. 2 Particle scattering parameters of

650 nm wavelength light
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Fig. 4 Total transmission attenuation in rain

of 650 nm wavelength light
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Fig. 5 Coherent field transmission attenuation in rain

of 650 nm wavelength light
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Fig. 6 Incoherent field transmission attenuation in rain

of 650 nm wavelength light
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