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Abstract:  

This paper presents a method which optimises the computation time prediction of a 

radio coverage, whatever the propagation model used. The principle consists in 

reducing the number of application points of the propagation model in relation to a 

classical technique. The proposed method is based on a multi resolution analysis of 

measured signals carried out around 2 GHz, and on an electromagnetic analysis of the 

propagation environment. The performances of the method are evaluated in terms of 

reduction in computation time and of accuracy, in comparison with the classical 

technique. 

1.Introduction:  

Mobile cellular systems are based on a geographical distribution of base stations. 

Each transmitter provides a radio coverage that must be predicted with accuracy. The 

final aim is to enable a satisfying quality of communication everywhere. Generally, the 

coverage prediction is computed by a propagation model applied with a regular step in 

the area studied [1]. This method leads to a considerable computation time which might 

become unexploitable in complex geometrical environments.  

They have already been some searches studying how to reduce that computation 

time. They consist in simplifying the propagation model used. The process presented in 

this article is complementary to them: it is independent of the model. This work has 

been developed in collaboration with the France Telecom Research and Development 

centre. 

The principle, based on an hypothesis explained in the section 2, consists in 

reducing the number of application points of the propagation model and of optimising 

their location. Moreover, this optimisation must be obtained without deteriorate the 



quality of the radio coverage prediction. This approach can be break down into two 

stages called “learning” and “application” stages which are developed in the section 3. 

In the section 4, we compare the performances of our method with those of the classical 

technique. 

2.Hypothesis:  

For the coverage prediction, where the fast fading is not considered, our method is 

based on the following hypothesis: On a mobile route, the significant and slow fading of 

the received signal are due to changing of electromagnetic interactions combinations 

(reflection, diffraction and line of sight) undergone by the received waves. 

Thus for a geographical area, the set of points associated to a same combination of 

electromagnetic interactions leads to delimit a spatial region. Each region is 

characterised by a stationary received signal: the variation of the mean power is small. 

So, to go from one region to another amounts to consider a significant and slow 

variation of the received signal. 

The Figure 1 illustrates this hypothesis on a schematic example. The 

electromagnetic wave propagation laws leads to different regions whose, each of them 

is characterised by a combination of electromagnetic interactions (Figure 1(a): (1) 

visibility, (2) visibility plus reflection, (3) diffraction). Considering the hypothesis, the 

received signal on the mobile route of the Figure 1(b) presents significant and slow 

variations at the points P1, P2. These points correspond to the limits of the different 

regions which are crossed by the mobile route.  

This hypothesis is the base of the method presented in the next section to optimise 

the computation of a coverage prediction. 

3.Method 



Our method is split up into two stages: a “learning” stage which verifies the validity 

of the hypothesis and an “application” stage which provides the coverage prediction 

optimised in computation time. 

3.1. Verification of the hypothesis: “Learning stage” 

This stage necessitates two complementary analysis. The first one, heart of the 

optimised prediction, is an electromagnetic analysis software developed in the 

laboratory. It implements the wave propagation mechanisms which lead to the 

determination of a spatial cut out according to a transmitter located in a geographical 

area. The second one is a segmentation technique of signals based on the wavelets 

maxima. It allows to detect the behaviour changing of measured signals on a mobile 

route.  

The search of a strong correlation between the results of these two tools leads to the 

verification of our hypothesis and constitutes the learning stage. 

3.1.1. Electromagnetic analysis:  

A micro cell configuration is defined by a transmitter height below the average 

height of roof tops. It is the reason why the electromagnetic study is based in the 

horizontal plan (2D_H). 

The electromagnetic analysis software is founded on the search of the influence 

regions of the electromagnetic interactions. 

For the line of sight and the reflection phenomena, the geometrical optic theory 

is applied. In an environment, the regions induced by these phenomena are delimited by 

the optic boundaries.  

The diffraction phenomenon is more complex to delimit than the previous ones 

because the diffracted field due to an obstacle is present throughout the space. 



Nevertheless, the amplitude of the diffracted waves decreases as the diffraction angle 

increases [3][4]. Therefore, the electromagnetic analysis takes into account a diffraction 

angle α which is the limit angle from this the amplitude of the diffracted wave is 

negligible in comparison with that of the line of sight. To calculate α, we consider 

firstly the diffraction loss AdB for a perfectly conductive infinite half plane (Figure 2 a); 

its expression is given by (1) : 

 -1for v               v))1²v((20log+6,4
0

P

P(v)
log10(v)A 5,0

1010dB >++=











= (1)  

where : 

 P0 is the received power without obstacle; 

 and P(v) is the received power with the obstacle where 

v = h
2

λ
1 1

1 2

1 2

d d
+



















/

. 

The α angle is defined such that the diffraction loss AdB(v) is equal to -3dB (Figure 2 b). 

For this value, the magnitude of the wave in line of sight is equal to that of the 

diffracted wave. On this base, a study generalised to wedges and based on the UTD [4] 

has shown that, whatever the wedge angle, the length of link and the electrical nature of 

the wedge, α is roughly equal to one degree. Because, the α values are smaller than the 

geometrical parameters of the area studied, the diffraction phenomenon is considered 

only in the shadow zone in the electromagnetic analysis software.  

To summarise, the electromagnetic analysis relies on the search of the optical 

boundaries and leads to a partition in regions based on the nature of the electromagnetic 

phenomena (diffraction, reflection, line of sight). A simple example of a partition is 

shown in the Figure 3 where the visualisation of each region is realised thanks to a grey 

scale. For the example given, with a maximum number of diffractions and reflections 



equal to one, five regions exit. To generalise this example, we underline that the 

complexity of a spatial cut out is directly connected to the number of the different 

interactions. 

3.1.2. Signal segmentation:  

This technique is based on a multiscale analysis which allows the measured signal 

variations thought to significant to be detected; each scale corresponds to a particular 

frequency band. 

The wavelet transform of a signal s(r), where r is the curvilinear abscissa, is 

defined by (2): 
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where )(reζ  is the function which smoothes the signal s(r) at the scale e. 

This relation indicates that )(1 rsWe  is the first derivative of the signal followed by a 

smoothing at scale e. The rapid variations of s(r) disappear progressively as the scale 

becomes high. Thus the extrema are due to the significant and slow variations of the 

signal [2]. 

In our problematic, this wavelet analysis identifies automatically the three significant 

intervals associated with the significant variations of the signal of the Figure 1(b).  

3.1.3. Principle: 

The objective of the electromagnetic analysis software is to give a partition which 

will lead to a coverage computation (§3.2). However, this calculation is built on the 

determination of the significant variations of received signals (§2). So, the partition 

must be constitute only by the regions which lead to the such variations. So for each 

region of the partition, it is necessary to define a hierarchy of the influence of the 

different electromagnetic interactions in order to determine the predominant 



combinations, in terms of received energetic level. Thus for example, a region 

constituted by line of sight and reflected waves will be considered as a region in line of 

sight. On such considerations and after groupings of contiguous regions having the 

same characteristics, the significant partition of the Figure 3 (b) is obtained for the 

example of the Figure 3 (a). 

Thus, the number of maximum diffraction and reflection taken into account in the 

electromagnetic analysis software must ensure that the limits of intervals detected by the 

“wavelet maxima” coincide with changing of regions. The search principle of these 

major interactions is described by the algorithm of the Figure 4. 

After a statistical verification on several measured signals in different micro 

cellular environments such as the signal of the Figure 6 measured on the mobile route in 

the district of Paris presented in the Figure 5, the numbers of diffractions and reflections 

are equals to 4 and 0 respectively.  

In view of the statistical validity of these numbers of interactions, they will be 

considered, whatever the micro cell environment studied, without apply the learning 

stage process. So, in the next section these values are used in the application stage to 

provide a satisfying coverage prediction. 

3.2. Coverage prediction: “application stage” 

To compute the radio coverage, it is necessary to apply a propagation model in each 

region of the spatial partition. To define the minimum number of application points per 

region, a rule has been considered. It relies on statistical results [5] on non-fade duration 

of measured signals : in 90% of the time, the signal magnitude is above to its local 

average value minus 10dB. Thus, it has been shown that, statistically, the minimum 

number of application points of the propagation model per region can be equal to two 

[6]. The average of these two estimated received powers provides a good estimation of 



the average signal in the considered region. Concerning the location of these two points, 

it is around the barycentre of the region. 

In an operational context, on an area defined by geographical data basis, the 

application stage consists in carrying out the spatial partition software with the correct 

number of diffractions and reflections provided by the learning stage. On the computed 

partition, a propagation model is applied in each region according to the previous rule. 

This procedure leads to the optimised coverage prediction. 

4.Results:  

The interest of our method is evaluated by comparing its coverage prediction to the 

one provided by the classical approach. The comparison is realised on the micro cellular 

environment of the Figure 5. The performances of the two approaches have been tested 

with the “microG” scalar propagation model applied during the deployment stage of 

some mobile networks [7]. The result of the prediction coverage zone due to our 

optimised method is presented on the figure 7. 

For this example, the computation has been realised thank to a 1.6GHz Pentium 

computer. The classical computation of the coverage zone, with a constant spatial step 

equal to 5 meters, leads to a number of application points and a computation time equals 

to 30601 and 11 minutes respectively. Our optimised technique leads to a number of 

application points and a computation time equals to 3590 points and 1 minutes 8 

seconds respectively. So, the comparison of these results shows that the reduction ratios 

in application points and computation time are equals to 88% and 9.7 respectively. 

Nevertheless, it is necessary to note that the previous reduction ratio in computation 

time must increase if we apply a 3D vectorial propagation model based on a ray tracing 

[8] or launching [9]. These models, although very accurate, have a computation time 

largely more important than this of the scalar propagation models. Thus, for a reduction 



ratio in application points equal to 88.3% the computation time ratio considerably 

increases (near 50). 

Moreover, such we can observe it on the cumulative functions of the figure 8(a) and 

(b), the optimisation time is obtained without a significant degradation of the accuracy. 

The Figure 8(a) shows that the classical and optimised repartition of the total losses are 

very closed. This result is confirmed by the repartition of the absolute deviation losses 

(Figure 8(b)). This representation indicates that for the probabilities equals to 0.5 and 

0.9, the absolute deviation are equals to 1.46 dB and 5.53 dB respectively. These results 

are completely satisfying in an operational context because the operators require 

generally a standard deviation less than roughly 6dB. 

5.Conclusion:  

In conclusion, we have shown the interest of our optimised method of coverage 

prediction for micro cellular configurations. It provides a reduction factor of the 

computation time varying between 9 and 50 according to the propagation models used 

in comparison with the classical method. Moreover, this reduction is obtained without 

significant degradation of the accuracy.  

The future works are dedicated to an extension of the presented method in vertical 

planes (2D_V) and in the combination of the 2D versions (2D_V and 2D_H) for a 

application in others types of configurations such as small and macro cells. 
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Figure captions 

Figure 1 : (a):Schematic studied area. 

    (b):Signal received on the route of (a). 

Figure 2 : (a):Diffraction on a infinite half plane. 

     (b):Diffraction attenuation JdB(v) of (a). 

Figure 3 : User interface of the spatial tool and visualisation of the regions produced by a 

building (for one diffraction, one reflection and theirs combinations). 

  (a): Before grouping. 

  (b): After grouping. 

Figure 4: Algorithm of the learning stage on a mobile route. 

Figure 5: Top view of a district of Paris. 

Figure 6: Signal received on the mobile route of the Figure 5. 

Figure 7: Radio coverage due to our optimised method, for 0 reflection and 4 diffractions, on 

the micro cellular configuration of the Figure 5. 

Figure 8: Cumulative functions of: (a): The coverage zone losses: 

- Full line: Classical method. 

-- Dotted line: Optimised method 

(b): Absolute error losses between the classical and 

optimised methods. 
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