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Abstract

Dust storm effect on microwave signal attenuation,
depolarization and scattering has attracted many researchers recently.
The effects of dust storms on propagation of electromagnetic wave at
millimeter wave band are investigated. The propagation of microwave is
affected by dust particles by way of signal attenuation. In the present
endeavor the motivation is to investigate specifically the propagation
characteristics of microwave and millimeter wave energy in the adverse
atmospheric conditions under sand and dust storms. Attention is paid to
the significant variation in attenuations for adverse weather condition
under sand and dust storms. Attempt is also made to quantify the radar
backscatter at millimeter wave frequencies due to various constituents
present in the dust storm.

Keyword: Attenuation, Dust Storms, Propagation, Electromagnetic
Wave, Millimeter Wave Band.

Introduction

Now a day's Computer Science and Engineering Applications are
being widely used in various forms such as missile guidance radar,
weather detecting radar, missile tracking radar etc. In spite of these, radars
are also used for detecting rain drop, hailstone, formation of rain and snow,
thunderstorms, tornadoes and hurricanes. It may be noted that the
atmospheric propagation effects dominate the design consideration relating
to microwave and millimeter wave systems. In addition to this rain, cloud,
fog, hail etc., may cause significant signal attenuation and back scatter?
Because of the typical interaction of the electro-magnetic energy with
various atmospheric constituents, a thorough understanding of the subject
is necessary to access the capabilities and limitations of the microwave
and millimeter wave system. The basic parameters which are used in
Computer Simulation Technique are scattering cross-section, polarization
(plan, circularly, elliptically), depolarization, XPD, Visibility, millimeter wave
scattering model, Radiative transfer theory are explained.
Material and Methods:

Computer Simulation Technique for Attenuation

In order to consider the attenuation of dust constituents based on
computer simulation, the profile structure of these constituents in
atmosphere must be taken into accounts. The length of communication link
is assumed to be L, which contains the layers of different constituents of
storms blown to the height of the link due to dust storms. As the storms are
assumed to contain three constituents, the entire section is represented in
the form of three layer in cascade. Further the layer with sand particles
extends from Z = 0 to Z = L1 layer with silt particles extends from Z = L1 to
L2 layer with clay particles extends Z=L2 to z=L3.

az) 0- 1L Air / Vacuum Z=0
(z)= w(z) Li-Ls SAND Z=1,
w(@ Ly -Ls SILT Z=1,
CLAY Z=1;

Where L=L;+L;+L; Ar/Vaum |

Fig 1.0 : Simulating layers of different dust particles in storm

The attenuation coefficients for small non-spherical particle can be
calculated using the scattering amplitude matrix of small ellipsoid which
approaches to spheroid under the conditon a = b where a, b
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and c are axes of ellipsoid. Scattering and absorption
cross-section of spherical dust particles are
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Analytical Treatment of Simulation for

Attenuation

During the passage of microwave and millimeter
wave through the medium containing san and dust
particles, the waves will be attenuated as a
consequence of two phenomena, scattering, and
absorption. Let N(a)da be the number of dust particles
per unit volume of storm with radii in the interval a to
a+da. If [ ext be the extinction cross section of dust
particles then the total power removed from the wave
with incident Pointing vector Sr by the dust particles in
volume element of unit cross sectional area and
thickness dl is given as
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Where, nis the number of paricles in unit volume of storm and P (3], probabily density
finciion The value of  for spherical and nan - sphencal clst paricle can be abtained by
folawing equations
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T D
W | Gex abe P (5] ds dB/km

Unon-sph =

Simulation Technique Of Radiated Signal

Apart from the two concepts discussed earlier the
evolution of extinction cross-section (cext) can also
be made using the dipole radiation concept. Now the
extinction cross section (ocext) which is the sum of
scattering cross section (os) and absorption cross
section (ca) can be given by

Oext = 0at 0z™ l 8/‘33.2 {kna]‘l +12a2 1kaﬁ]

€117+ ¢

These attenuation coefficients can be utilized to
quantity the attenuation of the signal while
propagating through the sand and dust storms. The
attenuation due to N/2 dipoles in unit volume of storm
can be obtained as

943x10%x3

Wind)

| a(d)sin’ B cos* b
“l (d) sin? B cos* p+ (&/2) (1- 2 sin? P cos? B)

Results and Discussion

In order to calculate the attenuation
coefficients from spherical and non-spherical dust
particles are solved numerically with the help of the
numerical values of permitivity of dry and moist dust
particles are taken as
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Table 1.0 Simulating Value of Dielectric constant
S.N. Particles Dielectric Constant ()

Dry Moist
1 Sand 3.776 —j 0.255(6.786 —j 0.321
2 Silt 4.031-j0.2148.236 —j 0.221
3 Clay 4.495 —j0.255(9.236 —j 0.221

In order to examine the simulating behaviur
of microwave signal in sand and dust storms above
equations are solved numerically with respect to
frequency, visibility, particle size and incidence angle,
the result obtained are mentioned in table 1-3 and
plotted in Fig.(2)-(5). It is found that attenuation
coefficients are increases with increasing frequency
and decreases with increasing Vvisibility. The
attenuation for dust a particle observed in this model
are similar to observation made by Singh, S et al
(21996) [9]. It is further observed that non-spherical
dust particles are found higher value of attenuation
than spherical dust particles. Attenuation coefficients
in clay particles are greater as compared with sand
and clay particles as Fig.2 and Fig.3.

This is in corroborated with the fact that
attenuation coefficients depends directly on size of
dust particle suspended in the atmosphere, which are
usually spherical where as the larger particles are
ellipsoidal or spherical. At low visibility, the particle
concentration is very, which renders the effective
permittivity of the dusty medium nearer to dust particle
permittivity. This increase the attenuation coefficients
by offering higher mismatch between air and dusty
medium and higher attenuation coefficients at low
visibility. At high the particle concentration, the
visibility will be very low which renders the effective
permittivity of the dusty medium nearer to air. This
decreases the attenuation coefficients by offering
better mismatch between air and dusty medium and
lower attenuation coefficients at high visibility.This is
in corroborated with the fact that attenuation
coefficients depends directly on size of dust particle
suspended in the atmosphere, which are usually
spherical where as the larger particles are ellipsoidal
or spherical. At low visibility, the particle concentration
is very, which renders the effective permittivity of the
dusty medium nearer to dust particle permittivity. This
increase the attenuation coefficients by offering higher
mismatch between air and dusty medium and higher
attenuation coefficients at low visibility. At high the
particle concentration, the visibility will be very low
which renders the effective permittivity of the dusty
medium nearer to air. This decreases the attenuation
coefficients by offering better mismatch between air
and dusty medium and lower attenuation coefficients
at high visibility.

VOL.II* ISSUE-IV*MAY-2014

Periodic Research

Attnuation Coefficients Vs Frequency

Att. Coeff. (dB)
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Fig. 2: Variation of Attenuation Coefficients with
Frequency for sand, silt and Clay dust particles at
Visibility V= 0.1 Km

Attnuation Coefficients Vs Visibility
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Fig. 3: Variation of Attenuation Coefficients with
Visibility at different  Frequency for dust particle in
sand and dust storm.
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Fig. 4: Variation of Attenuation Coefficients with size
of dust particle radius for  sand ,silt and clay dust
particle dust particle at visibility V = 0.1Km.

Attnuation Coefficients Vs Visibility
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Fig. 5: Variation of Attenuation Coefficients with

incidence angle at different frequency for
dust particle in sand and dust storm

The variation of attenuation with size of the dust
particles and incidence angle are shown in fig.4 and
fig.5,It shows that attenuations are decreases with
increases in size of dust particle. From Fig.5, it is also
observed that attenuation coefficients are decreases
with incidence angle and minimum at 90-degree angle
of incidence both for spherical and non-spherical dust
narticles.

Table 2

Variation of Attenuation Coefficients with frequency

for spherical dust particles
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Table 3

Variation of Attenuation Coefficients with frequency for

Non-spherical dust particles

S.  [Freq. | Attenuation Coefficients ( dB) Visibility = 0.1 Km
No- GHz [Mnthis Study Singh S et aln (
1996)[16]

dsa“ sit | Clay |sand |sit | Clay
1 30 141 [ 162 | 1.61 1.93 212 | 251
2 60 | 222 | 252 |271 2.53 258 | 2.62
3 90 3.01 | 3.22 | 3.54 3.41 4.09 | 4.32
4 120 | 3.63 | 4.22 | 4.83 3.93 4,32 | 4.53
5 140 | 4.07 | 453 | 5.32 4.17 473 | 4.97

Table 4

In this Study Variation of Attenuation Coefficients with

frequency and Visibility

S. |Freq.| Attenuation Coefficients ( dB) Visibility = 0.1
No |GHz Km
In this Study Singh S et al
(1996)
(16]
. San .
Sand | Silt Clay d Silt Clay
1 30 | 131 | 142 | 151 [173 |192 |231
2 60 | 212 | 232 | 251 | 233 | 238 |242
3 90 | 298 |3.12 | 334 [321 |389 |4.12
4 12 | 353 | 412 | 463 |3.73 | 412 | 4.33
0
5 14 | 397 | 433 | 512 |3.83 |453 |4.77
0

S. | Freq. | Attenuation Coefficients ( dB) Visibility =
No | GHz 0.1 Km
Singh. S et al | Inthis study
(1996)[16]
Spher Non- Spheri Non-
ical Spherical cal Spherical
1 20 1.51 1.72 1.32 1.48
2 40 1.93 2.12 1.73 1.86
3 60 2.64 3.21 2.21 2.51
4 80 3.23 3.61 2.98 3.23
5 100 3.98 4.32 3.12 4.23
6 120 4.31 5.23 3.72 412
7 140 5.66 6.31 4.23 5.03

Reference:

1. S.K.Srivastava, B.R.Vishwakarama, R.K.Saxena
“ Transmission line model for loss evaluation in
sand and dust storms” Journal of IE(t), ET,
Vol2.pp.11-17. 2000

2. S.K.Srivastava, B.R.Vishwakarama “ Cross-
polarization and attenuation of microwave/
Millimeter wave in a microwave terrestrial link
containing sand, silt and clay as dust
constituents” Journal of IE(t), ET, Vol.84, pp.42-
47,2003.

3. S.K.Srivastava, B.R.Vishwakarama “
Depolarization of Microwave/ Millimeter wave
back scattered by dust constituents” AMSE Int.
Journal of Modeling and simulation, France,
Vol.75,No1-2, pp10-20,2002.

4., S.K.Srivastava, B.R.Vishwakarama
“Depolarization of Microwave/ Millimeter wave in
sand and dust storm” , IETE Journal of Research,
Vol.48,n0.2,pp133-138,2002.

5. S.K.Srivastava, B.R.Vishwakarama “ Study of
loss of microwave signal in sand and dust
storms” , IETE Journal of Research,
Vo0l.48,n0.2,pp133-138,2002.

6. S.K.Srivastava, B.R.Vishwakarama “ Polarization

and attenuation of microwave signal in sand and
dust storm” Proceeding of Microwave 2001,
National ~ Symposium in  Antenna  and




ISSN No. 2231-0045

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Propagation, pp 276-279,2-4 Nov.2001 Jaipur. (
Rajas than)

S.l.Ghobrial and Samim Sarief “ Microwave
Attenuation and cross-polarization in dust storms”
IEEE trans Antenna and Propagation ( USA) AP-
35, pp416-425,1987.

T.S.Chu “ Effects of sand storms on Microwave
Propagation” Bell Syst.Tech J (USA),
58(1979)549.

S Singh, C.S.Rai B.R.Vishwakarama :” Millimeter
wave Attenuation in storm layer with spherical
and non-spherical dust particles” Journal of IE(t)
ET Vol.76, pp59-60,1996.

J. A.Straton “ Electromagnetic Theory “ Mc-Graw
Hill New York, p568, 1941-1955

S | Ghobrial and S M shrief. ‘Microwave
Attenuation and Cross Polarization in Dust Storm.
IEEE Transactions an Antenna and Propagation,
vol AP 35, no 4 1987, p 418

John G Griffith, * Radio wave Propagation and
Antenna. ‘ PHI, U K, 1987

N J McEwan and S O Bashir. ‘Microwave
Propagation in Sand and Dust Storms’. The
theoretical Basis of Particle Alignment. IC, PA
Norwich, 1933, p 40

D C Cox, et al, ‘Depolarization of Radio waves by
Atmospheric Hydrometers in Earth Space Paths’.
Radio Science, vol 16 1981, p 781.

K Wakasugi, S Kato and S Fukao. ‘Depolarization
of a 50 MHz Radio wave Back Scattered from the
Middle Atmosphere;. Radio Science, vol 15,
1980, p510

S Singh, C.S.Rai B.R.Vishwakarama :” Millimeter
wave Attenuation in storm layer with spherical
and non-spherical dust particles” Journal of IE(t)
ET Vol.76, pp59-60,1996

D C Cox, H W Arnold and H H Hoffman.
‘Depolarization of 19 and 28 GHz earth Space
Signals by Ice Particles.’” Radio Science, vol 13
1978. p 511.

T S Chu. ‘ Effects of Sand Storms on Microwave
Propagation.’ Bell Systems Technical Journal, vol
58, no 2, 1979, p 549.

G R Valenzula. ‘Depolarization of E M waves by
Slightly Rough Suface.IEEE Transactions on
Antenna and Propagation, vol AP-15. 1976, p
552.

M W Long. ‘Radar Reflectivity of Land and Sea.’
Lexington Books, Lexington, Mass, 1975
Beckmann. ‘The Depolarization of
Electromagnetic Waves.” The Golden Press,
Boulder, Colorado, 1968

S.K.Srivastava, B.R.Vishwakarama, R.K.Saxena
“ Transmission line model for loss evaluation in
sand and dust storms” Journal of IE(t), ET,
Vol2.pp.11-17. 2000

S.K.Srivastava, B.R.Vishwakarama, R.K.Saxena
“ Transmission line model for loss evaluation in
sand and dust storms” Journal of IE(t), ET,
Vol2.pp.11-17. 2000

S.K.Srivastava, B.R.Vishwakarama Cross-
polarization and attenuation of microwave/
Millimeter wave in a microwave terrestrial link

“

25.

26.

27.

28.

29.

30.

31.

32.

VOL.II* ISSUE-IV*MAY-2014

Periodic Research

containing sand, silt and clay as dust
constituents” Journal of IE(t), ET, Vol.84, pp.42-
47,20083.

S.K.Srivastava, B.R.Vishwakarama
Depolarization of Microwave/ Millimeter wave
back scattered by dust constituents” AMSE Int.
Journal of Modeling and simulation, France,
Vol.75,Nol1-2, pp10-20,2002.

S.K.Srivastava, B.R.Vishwakarama
“Depolarization of Microwave/ Millimeter wave in
sand and dust storm” , IETE Journal of Research,
Vol.48,n0.2,pp133-138,2002.

S.K.Srivastava, B.R.Vishwakarama “ Study of
loss of microwave signal in sand and dust
storms” , |IETE Journal of Research,
Vo0l.48,n0.2,pp133-138,2002.

S.K.Srivastava, B.R.Vishwakarama “ Polarization
and attenuation of microwave signal in sand and
dust storm” Proceeding of Microwave 2001,
National ~ Symposium in  Antenna  and
Propagation, pp 276-279,2-4 Nov.2001 Jaipur. (
Rajas than)

S.I.Ghobrial and Samim Sarief “ Microwave
Attenuation and cross-polarization in dust storms”
IEEE trans Antenna and Propagation ( USA) AP-
35, pp416-425,1987.

T.S.Chu “ Effects of sand storms on Microwave
Propagation” Bell Syst.Tech J (USA),
58(1979)549.

Ghobrial S.I. . ‘The effect of Sand Storms on
Microwave Propagation.’ Proceedings of National
Telecommunication Conference, Houston, TX,
1980.

J.A.Straton “ Electromagnetic Theory “ Mc-Graw
Hill New York, p568, 1941-1955.



