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ABSTRACT 
      This paper  presents a  new approach  to the modelization of  radio waves propagation along lossy dielectric side 
walls of random roughness found in a mining environment. The model takes into account the spatial variability of the 
electromagnetic waves for both  horizontal and vertical polarizations and uses a roughness coefficient than can be 
tracked against the classical Rayleigh roughness indicator. Two  (2-D) and three dimensional (3-D) propagation 
models are obtained with  the Segmental Statistical Method. 

 
I.   INTRODUCTION 

 
       Underground mines represent severe environments for the propagation of  waves and they can be characterized 
using classical approaches such as geometrical theory of diffraction only if their shapes are close to canonical ones, 
i.e. semi-circular or cylindrical. However, this is not the case with many mines where about any shapes can be found . 
Evidences come immediately that any classical strategy will fail in a rigourous attempt to model the propagation 
characteristics for systems design. It is, however, a major issue since it is in those difficult environments where the 
use of modern technology, such as wireless LAN with radio-localization, appears to be of the  utmost  importance. 
 Our paper address the propagation of millimetric waves in this non-standard type of  environments. Our approach 
makes use of  2-D and 3-D propagation models obtained with the visualization of rays inside the segment of mining 
tunnel and a new analytical method that has been named the Segmental Statistical Method [1]. In order to be able to 
compare with the few available results of waves propagation in highly diffractive media, the model takes in account the 
spatial variability of millimetric waves and uses a roughness coefficient than can be tracked against the classical 
Rayleigh roughness indicator  [2]. Using modern mapping techniques, a 3-D representation of the fields that build up 
within the confined walls is obtained using a statistical model of the wall roughness. Of course, our approach must be 
initially calibrated by modeling a classical rectangular waveguide with perfectly smoth side walls to establish a 
confidence level for the poroposed method. 

 
II. THE SEGMENTAL STATISTICAL METHOD (SSM) 

 
      To characterize waves propagation inside a long non canonical mining tunnel (Figure 1), the method known as 
Segmental Statistical Method (SSM) is applied. Using this method, the tunnel is divided into N segments, such as 
segment (p) depicted in Figure 1. This are then resegmented into transversal and horizontal sections of  (i,j) cells. For 
these, the necessary parameters to predict the ultimate performance of wireless transmission systems, such the 
roughness and reflexion coefficients, are determined. Furthermore, a visual statistical model of the wall roughness 
and an image of the wall shape factor are generated and it provides a graphical display of the multitude of rays from a 
transmitting antennas located within segment (p). Finally, the simulation is used to represent the reflected or 



diffracted fields in  (2-D) and (3-D)  by taking account of all the parameters, including  variable dimensions of each 
segment. 
 
III. THE MATHEMATICAL MODEL 

 
For a mining tunnel segment (p) of length r, variables height and width f(a i, bi), it can be shown that the emitted 

signal Rf(t) and the noise n(t)  can be transformed into a signal with three components, namely a direct Sd(t), and  two 
others components due respectively to the multiple reflexions Sri(t) and diffraction of the field on the walls Sdif(t). 
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  Figure1: Mine  geometrical discrete representation                                   Figure2: Mathematical model  
 
A previous model [1] has been shown to adequately describes the  multipath fading, the diffraction, the reflection and 
the  noise of a  mining channel  and it expresses as 
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 A full description of how these parameters are dealt within the model will be explained in full details at the 
conference. 
 
IV. VALIDATION AND RESULTS 

 
        Typical  visualisation of the ray  propagation  in   a  
segment  (p), such as the one shown in are illustrated in 
Figure 1, is shown in Figure 3, for  both the horizontal 
and vertical rock walls. For the two horizontal  rock  
walls, Figure 4 (a), the diffraction effects at  points  (E,F) 
along the horizontal walls and multiple reflections along 
the  two  vertical rock walls, Figure 4 (b), are clearly 
depicted. Of course,the interpretation of these graphs 
will be covered in full details.To validate the model,  two  
modes of propagation are compared  theoreticaly and 
validated experimently. The electrical characteristics  of 
dielectric rock walls are taken as  εr=5.5, σ=0.001 S/m 
and  the Tx  in the segment (p) variation of the antenna 
aperture   is θ  [-37,37] degree  the two antennas gain  are      Figure 3: Topology of the antenna TX  in the segment (p)   
Gr=Gt=10dB, the emitter power is 14 dBm and the frequency is 2.4 GHz. The parameters, which including  topology 
and  dimensions of the antenna, are given on figure 3. The length of this segment is  z= 35 m,  while the width and the 
heigth vary respectively  between  [3.8-4.2 m] and [5-5.2 m]. 
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                       Two horizontal  rock  walls (a)                                              Two vertical rock walls (b) 
                                                     Figure 4: Simulated  segment (p) with the tube of rays 
        
       The  variable dimensions (ai,bi) of the segment is done for the  selected roughness walls, as depicted  in Figure 3. 
The parameters such as the reflection, the  roughness  and the diffraction coefficient of rough surface, obtained with 
the classical UTD formulation [4], have been introduced in the simulation. Figures 4 (a,b) confirms the existence of 
three propagation zones in the segment (p) and it is also reconfirmed by the graphs of simulated received power of 
Figures 5 and  6.The first zone A is the near field zone, the second is the reflection  or diffraction zone, and zone Q is  
the far field zone. 

                             
                                                    Figure 5:  Simulated  receiced power (vertical polarisation) 
 
        Both vertical and horizontal polarisation show large attenuation of about (-45 dB ), mainly due  by the diffraction     
points (E,F) on Figure 4(a).                 

                              
                                 Figure 6: Simulated received power (horizontal polarisation)  

 



It can be noticed as well that ,after diffraction has occurs at these points, the signal is also reflected on the ground 
floor of the mine. In  the vertical polarization case (Figure 5), a large amplitude beat appears in central zone N, 
followed by many other beats of smaller amplitudes in zone Q, while for horizontal polarization (Figure 6), there are 
more beats of average amplitudes in zone N with few beat of lower amplitudes in the Q zone.  
 
In order to validate our theoritical results, measurements were taken in a scale model of a gold mine of dimensions 
a=b=30 cm, L=1m . The comparison of the received signals shown in figure 7 clearly indicates   that additional losses  
are due to the obstruction of the radio paths and  the concordance of the reflexions in the  center of the  guide waves 
tunnel. 

      
                                          V-polarisation -case 1 , H- polarisation -case 2 ,    

   Figure 7: Measurement- Simulation power at 2.4 GHz , transmit power =14dBm ,Gr=Gt=10dB. 
 
V.  CONCLUSION 

 
        Our approach is promising for a reasonably accurate modeling of waves propagation in short or long mining 
corridors if an appropriate choice of  modeling sections is done, even for complex confined  mine media.The 
perfomance of the our model has been verified theoreticaly and  valided experimently with several measurements for 
both polarizations. The proposed modeling is applicable for  the simulation of millimetric waves propagation in 
canonical  or non canonical mine tunnel and it is clear that for wireless communications in mining tunnels, the 
frequency, polarization, the antenna will play a very great role in the reduction  of attenuation caused by the  roughness 
walls. 
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