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Sieve Test  
The sieve test basically gives us the ability to 
separate the sand particle sizes according to 
our requirement. The size of the sand at each 
layer is different; as we go higher in altitude, 
the diameter of the sand decreases. The 
Layard model for Sand/dust media that we 
have assumed in our project is shown below. 
(D is distance, S particle size). 

 
  
  

Conclusion 
The simulated results were compared 
with measured attenuation values for 
both guided and non-guided media. 
This allowed us to relate the 
attenuation values with concentration 
of different sand samples. By relating 
this finding with visibility results 
available in literature, we formulated a 
link between the attenuation, mass-
density of sand and visibility.  

Abstract 
In this senior project, we want to find the 
attenuation of microwave signal propagating 
through sand/dust media to relate it with 
satellite communication links. Initially, 
microwave propagation through guided and 
non-guided media is experimentally observed. 
This validated the proposed experimental 
method of finding the affects of microwave 
propagation through sand/dust storm.  Based 
on these results, HFSS simulation model is 
developed to observe the S-parameter 
responses. Sieve test is used to separate dust 
samples with specific particle size.. Comparing 
the simulated responses with experimental 
results and results available in the literature, a 
unique relationship between the attenuation, 
mass density and visibility for particular dust 
layer is established.  

Experiment for Non-Guided Propagation 
This experiment was used to simulate real sand/dust storm, because in real sand storms 
EM wave propagate in a Nom-guided manner. Our design is a transparent box. The 
dimensions of the box are: the length is 80 cm, width is 60 cm and height is 60cm. In this 
experiment we used the same horn antenna that we used in the guided sitting. 

 

Simulation  
The main purpose of simulation is to analyze the propagating media without complicated 
experimental process. In simulation perfect conditions are assumed, as a result there will 
be some difference between simulation and experiment, however this difference shouldn’t 
be very large and in the acceptable range. 

Results  
According to the figure below we 
can deduce the visibility from the 
attenuation. We will use the loss 
we got from the guided horn 
antenna case (which has a loss of 
1.4 dB) at 9.5 GHz where we used 
the particle size of 90 µm. Using 
the figure, we found out that the 
visibility at 15m corresponds to 
mass density of 1.04 kg/m3.  

 

 Mechanical shaker  

Rectangular waveguide 
connected to network analyzer 

 

Simulating the sand storm using a 
blower during experiment 

Simulated model of horn antenna and box Measured S11 response  

Experiment on EM attenuation   
Waveguide was used to observe attenuation of EM wave 
due to sandy/dusty media. The first trial of this project 
using rectangular waveguide is shown in figure below. 
The simulated S-parameter responses of the setup to find 
the permittivity (ε) of the sand/dust media.  
(figure below: Experimental results on guided  
propagation for 150 µm sand media).  
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