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Backscattering enhancement for infrared wave
in sand and dust storm
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Abstract: In order to improve the precision of infrared systems in sand and dust storms, by using the
multiple scattering theory of electromagnetic wave propagation in discrete random medium, the
backscattering enhancement mechanism was analyzed for infrared wave propagating in sand and dust
storms. The formula about the relation of the particle number per unit volume and atmosphere visibility
was presented in sand and dust storms. From visible light to far infrared wave, the backscattering
enhancement caused by multiple scattering in sand and dust storms was researched for different
visibilities. The results show that the backscattering enhancement for different wavelength waves is
different. The lower visibility in sand and dust storms, the stronger backscattering enhancement is. For
different types of sand and dust storms, the particle size distribution is different. At a given visibility, the
particle number per unit volume is larger, the backscattering enhancement are stronger. At a given
particle number density, the number of the larger size particles is larger, the backscattering enhancement

is stronger. Especially, the enhancement for the longer wavelength wave is more obvious. That is, the
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lower visibility, the larger number per unit volume, and the more the larger size particles, the

backscattering and enhancement is stronger in sand and dust storms, and the effect on infrared systems is

severer.
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Fig.2 Scattering of electromagnetic wave in discrete random medium
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Tab. 1 Refractive index of dry sand and dust

particles in infrared waveband

Wavelength/pm 30 11 3.8 1.064 0.532

Refrac- Real part 1.8 1.62 125 1.53 1.53
tive

index Imaginary part  0.42  0.105 0.016 0.008 0.008
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Fig.3 Radar coefficients of dual scattering in wind blowing sand

and dust storms
-9.0

@ rglsand — C-1.06
-9.6 N=1.88e6 ~ C-30
----- L1-1.06

Backscattering

1 | 1
- = —_
— IS S
S~ oo %)
> O

-12.0

0104006—-4



wawohl gt T

%185

www.irla.cn

% 46 %

-18.0

(b) Tgl-sand — C2-1.06

-19.0 N=1.88¢6 == (2-30
L 12-1.06
'S -20.0 e L2230
g -
2 -21.0
-
(>3
& -22.0

-23.0

-1.0  -05 0 05 1.0
aol(®)

& 4 A% B YDA 2% O Y 4% B ik R A
Fig.4 Radar coefficients of dual scattering in Tengger sand

and dust storms

i & 3 4 mT DA Y BRUCHISS L1 A0 [ B
L2 ANBERCS AR R, W B T RO I C2 BE LS
FAARE 3 AR ) EA B SR G TR IR
S 2B 5 0 B B S R A, I o AL RS
THE I8 5 X R DL 52 e, IR 3 F1 IR 4
MR RV A B AR ) LA v A, AR SR AR R UR T
BN MR ET , TR RN A 2 ok 7 R
JE A AR, (A V2 B 0 2R TR B R[], Rk, ok
CLAME S RO SR A K225, R R R
WA BER 2N, W% BV DRE P B R R b4
KT S L, WU ARG [ ORGSR B 5 T 4R
Wb A B K IELL

TEE S Fl 6 Hr, 45 T Kz Ub 2 R s i BLVD
2 BTEANTRIBE UL Z5 44 F 5 0.532.1.064.3.8 11 K&
30 wm JLFR K AT S 09 B S 2R R S 1 s
ALY 4

ME 5 16 ISR TIER-EE . VAR RaE I

-4.8
-5.0F

(a) ... V=10m

Backscattering

o
A
(= - N S

-6.2
-6.4 .
-0 -05 0 05 10 L5
al(®)
(b) V,=20m
=75 —0.532-3.8
1.064 =11
-30

Backscattering
%
(=]

|
oo
W

Backscattering

-14.6

|
—
»
%

Backscattering

-15.01

P 5 A7 Vb2 2% 00 B B 2R BB 1) 15 A B A
Fig.5 Change of total scattering coefficients with backscattering

angles in wind blowing sand and dust storms

JEE XTI B T B RS AR K, BE UL /B A Y
FEE R BE A, PR A 6 YA FE AR 38 5 ) 1)
SR B3, W V,=10 m 1945 R I V,=100 m (945
KK 10dB L4,

WEER) b A e T =10 BN || AR SE = o VA 2 NY -4 <1
AT EC AR K, WE 5 Kb R 5K 6
W hs VbR B S5 R AT A . ZEAH R RE DL 1Y
HOLT, &/ARSPRAEE Z MR AR K
AR AW EEA) i R SRR VAL N AL ISR A
Bog Z | PR, 26 AR TR BE DL RIS B0, (45 /N kL

|

2

o
T

|
~
W

Backscattering

-8.0

|
el
[}

|
el
~

|
g
)

(95

S

Backscattering

| |

- = |
e 2 ©
oo

0104006-5



ok AR

% 1A www.irla.cn % 46 %
-13.3
134 () T _TglV,=50m
w | S E 3K
21351
2-13.6¢ . . . )
s [1]  Alhuwaimel S, Mishra A, Inggs M. Review of radar signal
2 -13.7¢
§ _133l attenuation due to sand and dust stroms [C]//Proceeding of
kS .
-13.9r e the 2012 International Conference on Electromagnetics in
_ta0 e ey ioati . _
10 05 o0 0.5 10 s Advanced Application (ICEAA), 2012: 1096-1099.
al(®) [2] Dong X Y, Chen Hsingyi, Guo D H. Microwave and
-16.2 millimeter wave attenuation in sand and dust storms [J].
0 -16.4 IEEE Antennas and Wireless Propagation Letters, 2011, 10:
g 469-471.
S -16.6}
%’ [3] Islam M R. Development of an empirical dust storm
<
;@ -16.8 attenuation prediction model for microwave links in arid area
~17.0 —a proposed framework [C]//5th International Conference on

6 WS HLYD 20 2 1 B B 2R BB T ) BU A AR A
Fig.6 Change of total scattering coefficients with backscattering

angles in Tengger sand and dust storms

BE S AR SR TR R S
] B A R L, LR R 5 518 6, B 5 ELG9R
XFFARIZERI VR 5 ansR s AR ok 4 B A
[FI, 5 KR4 B 2 Vb A B 1 J 1] B 20 Y
Z Bl 3 FIE 4 B LLE T L A B VD 2R R 09 )5 )
ST WL TR U
XIARIBARLLIME S B oAl & . B 5 vh
3.8 um AYH5E ,1.064 um IR Z ; T 6 H U AR
30pm AYER, 1l pum PR, IR TRHEE T LR TR
T REFE B ARG I X KA K R RIS s s i 3

4 & &

WA R LW VoAb B X 204N 3R 5 5 5 1)
SP i RN R R AR R WE | WaRt
KL~ IR 73 A R RS (BIVAS (] Ml DX AN [R] 26 B g b 242
B), KT UM XA S A HLVD 2B B AR AL Ok
THAKZ, WX HEKEROLIME S5 [
L& NI Y i PO RGNy AR R (SR o DA 77R e
L C B | L S AW & S € A S A AN )
BUE S ARV 42 2 P AL f s HAT 35 1 )i 1] B 3
SR, JUHAE AR AE UL E AU O T, Vb 2B 2 19 ) 18] 15
S5 1 55 0 Z1 A0 AR UL RE RS2 M 0 A0 B, XX T
LLAN R G AE T TR A B A VD A DX 2 K
B RA B A SR

0104006—-6

[4]

[6]

[7]

[8]

[9]

Computer & Communication Engineering, IEEE, 2014, 224 -
227.

Abuhdima E M, Saleh I M. Effect of sand and dust storms
on microwave propagation signals in southern Libya [C]//
IEEE, 2010: 695-698.

Ke Su, Lothar Moeller, Barat Robert B, et al. Experimental
comparison of terahertz and infrared data signal attenuation in
dust clouds[J]. Opt Soc Am A, 2012, 29(11): 2360-2366.
Xu Wenzhong, Zhong Kai, Mei Jialin, et al. THz wave
attenuation characteristics in sand and dust [J]. Infrared and
Laser Engineering, 2015, 44(2): 523-527. (in Chinese )
VESCE, B, MERE Ak, S OROBR A% B A Vb A v s R R
[J1. LA SO TR, 2015, 44(2): 523-527.

Li Shuguang, Liu Xiaodong, Hou Lantian. The absorption
and extinction of infrared radiation in lower atmosphere by
sand storm [J]. Chinese Journal of Radio Science, 2003, 18
(1): 43-47. (in Chinese)

R, XIGEAR, (R M. b2 2 R )R R ALLA R 5 B
MW S BBk 0], FEL B 224, 2003, 18(1): 43-47.

Wang Huigin, Wang Yangang, Cao Minghua, et al. Influence
of atmospheric visibility on laser pulse delay and broadening
in sand and dust weather[J]. Acta Optica Sinica, 2015,35(7):
9-16. (in Chinese )

THEF, TEW, B4, & bR KA RE DXLk i i e
HIRTEHIEMT]. Je2F274R, 2015, 35(7): 9-16.

Yang Ruike, Ma Chunlin, Li Liangchao. Influence of
multiple scattering on laser pulse propagation through sand
and dust storm [J]. Chinese Journal of Lasers, 2007, 34
(10): 1393-1397. (in Chinese )

W aEL, Ak, 22 RE. Vb2 5k £ T B X O Bk e 1%
Hr s mar]. T E O, 2007, 34(10): 1393-1397.



ok AR

%14 www.irla.cn % 46 %
[10] Sun Xianming, Wang Haihua, Liu Wangiang, et al. millimeter —wave propagation in sand and dust storms [J].

[11]

[12]

[13]

[14]

Nonspherical model for sand dust storm and its application
to the research of light multiple scattering [J]. Acta Optica
Sinica, 2010, 30(5): 1056—1059. (in Chinese )

NG, EigAE, X7, . VAR BOR TR AR BRIE AR K
FEXTHOE R 2 WA R PEBE ST 0], Dt 2244 2010, 30
(5): 1056-1059.

Kuga Y, Ishimaru A. Retroreflectance from a dense distribution
of spherical particles[J]. Opt Soc Am A1, 1984, 1(8): 831-835.
Tsang L, Ishimaru A. Theory of backscattering enhancement
of random discrete isotropic scatters based on the summation
of all ladder and cyclical terms [J]. Opt Soc Am, 1985:
1331-1338.

Yang Ruike, Li Li, Ma Huihui. Effects of the backscattering
enhancement considering multiple rain on
MMW radar performance [J]. Indian Journal of Radio &
Space Physics (IJRSP), 2013, 42(6): 404—410.

Ahmed A S.

scattering in

Role of particle —size distributions on

[10]

[17]

IEEE Proceedings, 1987, 134(1): 55-59.

Dong Qingsheng. Physical Characteristics of the sand and
dust in different deserts of China [J]. Chinese Journal of
Radio Science, 1997, 12(1): 15-21. (in Chinese )

FPA . e SR X b A R SRR (T]. R
2, 1997, 12(1): 15-21.

Huang Peiqiang, Sheng Xia. A number of scattering
characteristics of atmospheric aerosol particles in troposphere
and stratosphere [J]. Scientia Meteorologica Sinca, 1996, 16
(3): 233-239. (in Chinese )

W, A XRRSPRR R O T B T
SHRRMET]. RSB, 1996, 16(3): 233-239.

Zhang Chengyi, Wei Banghai, Zheng Gaige, et al. Study on
the characteristics of THz wave scattering in the troposphere
[J]. Laser & Inffared, 2015, 45(2): 204—208. (in Chinese )
RS, BRIWIG , FR O, A5 0 Uit S22 Rl 2% S R AT Y
[J]. Bt 54L4h, 2015, 45(2): 204-208.



