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Abstract— Attempting to reconstruct rain maps using data which 

was obtained from Commercial Wireless Networks (CWN) has 

been widely studied in the past few years. Such rain maps are 

created via measurements from a given set of sensors and their 
ability to sense/detect rain in a given area depends on the specific 

set-up. 
In this paper we discuss the different problem, of detecting rain 

fields, using measurements from a given set of microwave links. 
By considering the process in which the CWN data is provided, 
and by exploiting the power law which describes the relation 

between the microwave signal attenuation and the rain rate per 

km, we develop an algorithm which generates maps depicting the 

minimal detectable rain rate. 
Given a functional description of a cloud profile, we may 

generate, for any given set of microwave links, a 2-D description 
(a map) which presents the minimal rain rate which such a set of 
links may detect. In other words, our algorithm generates maps 
which present the coverage of a given set of links. 

Index Terms—Environmental Monitoring, Signal Processing, 
Detection, Coverage, Sensor Array 

I. INTRODUCTION 

Evidently, in a Cellular Wireless Network, the received 

signal strength at which each antenna receives its pair's 

transmitted signal is stored. Messer et al [1] have proposed the 

usage of these cellular networks' built-in monitoring facilities. 

Being a "widely distributed observation network, operating in 

real-time with minimum supervision and without additional 

cost" motivated the attempt to use this data from the CWN 

with the theoretical justification for such attempts being a 

power law which related the signal attenuation to the rain rate 
[2]. This power law was shown to be an approximation which 

holds in convective rains and in communication systems 

operating in mid range frequencies (above 5GHz and below 

the optical range) –  

 
A  is the attenuation [ ]dB , R is the rain rate in [ ]/mm hr  

and L is the link's length. In typical CWNs however, A is 
stored with finite resolution. It is typically quantized to a 

resolution of 0.1dB to 1dB. Considering the attenuation as a 

function of the rain rate, shown by [3], at frequencies above 

15GHz reasonable rain rates are large enough to yield a 

positive signal to quantization noise ratio. In other words, the 

added attenuation is larger than the quantization magnitude. 

Luckily, many CWNs employ network equipment operating at 

frequencies exceeding 15GHz. 

Figure 1 depicts the frequency distribution of 3515 

microwave links employed by Cellcom, an Israeli cellular 

provider network. One may notice that the frequencies are 

above 15GHz. Moreover, these frequencies are usually a set of 

discrete points which eases the network frequency allocation 

management. 

 

Fig. 1  Distribution of link frequencies in an Israeli cellular service provider 

Most algorithms which make a use of the data provided by 

the CWNs, commonly named Received Signal Levels (RSL), 

attempt to reconstruct rainfall maps. 
In [4] Zinevich et al have proposed a non-linear 

tomographic model which treats the problem of the variability 

of the area enclosed between CWN links, accounting for the 

irregularity of the network topology, RSL quantization and 

non-linearity of the power-law equation for different links. A 

different algorithm suggested by Zinevich et al [5] depicts the 

temporal evolution of the rain fields. 

An algorithm for rain map reconstruction was suggested by 

Goldstein et al [6]. The proposed algorithm consists of pre-

processing the links' data, followed by a weighted least 

squares algorithm to extract the rain level at any given point in 
space. 

Watson and Hodges [7] formalized the reconstruction 

problem as a problem of finding an orthogonal basis of 

functions which spans a rain-field function. They were then 



 

 

left with extracting the coefficients, which are the projections 

of the rain map onto the basis functions. These coefficients 

then enabled a proper reconstruction of the rain map as a 

linear combination of the basis of functions which spans the 

rainfall map solution by applying a least squares technique. 

Overeem [8] suggested a method for reconstructing 

Country-wide rainfall maps from CWN and applied it on 

minimum and maximum RSL samples with a temporal 

resolution of 15 minutes. These were obtained from 1514 

links, covering the land surface of the Netherlands (35,500 

km
2
). 

The algorithms mentioned above, make use of the CWN 

RSL for the sake of reproducing or reconstructing rain maps. 

In this paper we address a different problem previously 

undiscussed. We raise the question of sensitivity of a given set 

of microwave links (sensors). In other words, we ask "what is 
the minimal detectable rain rate in a given CWN"? By "given" 

we refer to the network's link locations, length, frequencies 

and quantizations. We suggest an algorithm which generates a 

map of the minimal detectable rain rate for a given set of links, 

namely - "coverage maps". In order to implement such an 

algorithm we also make assumptions on the rain cloud's 

profile. 

The proposed algorithm and a resulting map can be used by 

reconstruction algorithms as sanity tests, knowing that they 

may not output values contradicting our results. It can also be 

used to detect blind spots (spots which are undetectable 
regardless of the rain rate). Hydrologists may find such 

coverage maps as a tool for analysing the ability of a CWN to 

predict certain precipitation-related events, e.g. floods.Type 
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II. ALGORITHM DESCRIPTION 

As previously mentioned, our desire is to generate a map 

which may explicitly state if rain is detectable in each point on 

the map and if so, what is the minimal detectable rain rate. 

To implement such an algorithm we must first construct an 

assumption regarding a cloud's shape. We chose to model a 

cloud as a generalized ellipse –  
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Equation (2) describes a generalized ellipse which is rotated 

by an angle of θ  and centered at ( ),c cx y . The orientation 

and the size of the "cloud" can be adjusted by choosing the 

parameters θ , α  and β . 

For a given set of links, once we have chosen a cloud's 

profile, we wish to determine what rain rates are detected by 

it. A reasonable assumption would be that the minimal 
detectable rain rate by each link is equal to the quantization of 

its sample. As stated above, these values are commonly found 

to be 0.1dB or 1dB. 

Employing the assumption on the cloud's profile and on the 

minimal detectable rain rate, we may analyse the given set of 

links and state what are the minimal detectable rain rates. Such 

a procedure requires sweeping a cloud across the area of the 

map which we wish to produce. Then, for each point on the 

map, extract the intersection between the link and the cloud. 

Clearly, only this intersection is the section of the link which 

assits in sensing the rain. If the length of an intersection 

between a link and a cloud is greater than zero, we may use 

the power law to state the minimal detectable rain rate, 

assuming that the minimal detectable signal level is equal to 

the link's quantization. 

Figure 2 shows a summary of this concept. Assuming the 

white line is the intersection between the link and the cloud, 

and that the link operates at 15GHz with a quantization of 

1dB, the minimal detectable rain rate is equal to 

18.66[mm/hr]. 

 

Intersection Length=1.5km

Intersecting Link’s Quantization=1dB

Intersecting Link’s Frequency=15GHz

Power Law Coefficients at 15GHz:

a=0.0357

b=1.12

Minimal Detectable Rain Rate:
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 Fig. 2  Example of calculating the minimal detectable rain rate. 
Initially, the intersection between the link and the cloud is determined. 

Then, the link's frequency is used in order to determine the power law 

coefficients. Finally, the quantization is used in order to calculate the 

minimal detectable rain rate. 

 

Assuming the link's functional description is given by a 

line, a simple method of calculating the intersection between 

the link and the cloud's generalized ellipse is achieved by 

plugging the line equation into the ellipse (2) and solving a 

quadratic equation. However, solving this equation yields a 

solution to a problem of an infinite line intersecting with an 

ellipse. Hence, after deriving the solution of the points of 

intersection, we must ensure that these solutions are truly 

points on the link's line. 

Any algorithm which we implement will be applied on a 

discrete grid of cloud locations. Thus, a degree of freedom 

which one must consider is the spatial resolution by which the 

coverage map is generated. 

Finally, we summarize the statements above to an 

algorithm as follows: 



 

 

 

III. RESULTS 

In this section we present examples of applying the proposed 

algorithm on links of a CWN cellular provider in Israel named 

Cellcom. The algorithm was applied on a set of 3515 links and 

assumed the links operate at a frequency of 27GHz with a 

quantization of 1dB. We stress that the assumption that all of 

the links operate at the same frequency and have the same 
quantization was made only for the sake of simplicity. Clearly, 

a more general approach would consider each link and its own 

frequency and quantization. 

Figure 3 depicts the link distribution within Israel's borders.  

 
Fig. 3  CWN links of an Israeli service provider Cellcom 

 

One may easily notice the great variations of link density. 

The urban area of Israel, which is in its center, is characterized 

by a dense distribution of shorter links. This fact hints that the 
coverage in these areas should be better because more links 

are present which yields higher coverage. On the other hand, 

the rural part of Israel, in its south, consists of a sparse 

distribution of longer links, a fact which will also be revealed 

by our algorithm which will present low coverage in this area. 

A. Example 1 

Figure 4 shows an example of the algorithm in the previous 

section as applied on the links of figure 3. 

In this simulation we chose the ellipse radii and angle to be 

α=0.1°, β=0.2° and θ=30°, respectively. The coordinates on 

the x and y axis along the Israeli map present the longitude 

and latitude, respectively. The color map presents the minimal 

detectable rain rates which were derived by the algorithm 

which we devised. This coverage clearly reveals the areas in 

Israel where rain cannot be detected using these CWN links. 
 

 
Fig. 4  Coverage Map Algorithm Example 1 

B. Example 2 

Figure 5 shows another example of an implementation of the 

suggested algorithm as applied on the links which are shown 
in figure 3. In this simulation we chose the ellipse radii and 

angle to be α=0.05°, β=0.05° and θ=0° respectively. 

The purpose of this simulation is to show how our 

algorithm may reveal the CWN underlying structure in cases 

where the chosen cloud profile is small enough to track the 

links very closely. Choosing such a small cloud causes many 

areas to be found undetectable and hence the output coverage 

map very closely resembles the CWN structure. 

This map reveals an interesting fact. Singularities (areas 

with a very high minimal detectable rain rate) appear along the 

boundaries of detectable points. This is caused by the fact that 
along boundaries, only very short intersections between the 

cloud and the link lines occur. Hence, only very high minimal 

rain rates are detectable. This phenomenon is one which hasn't 

been previously considered in papers which present rain map 

reconstruction algorithms. Such algorithms usually assume a 

constant rain rate along the link's line or otherwise divide the 

link into a small set of points and by such prevent such 

singularities. We stress that these singularities are not an 

Algorithm Input: 
      Set of links and their properties (angles, lengths, etc.) 
      Cloud profile (α, β, θ); Map grid resolution  

Output: 
      Minimal detectable rain rate map 

Algorithm: 
1      For each grid location 
2      { 

3            Initialize the minimal detectable rain rate to ∞ 

4            For each link 
5            { 

6                  Solve the quadratic equation 
7                  If the points of intersection are on the link 

8                  { 
9                        Calculate the minimal detectable rain rate 
10                       If it is smaller than the current rate rate 

11                            update the minimal detectable rain rate }}} 



 

 

artifact of the coverage algorithm but rather a completely 

physically plausible effect which may occur in a real system. 

 
Fig. 5  Coverage Map Algorithm Example 2 

IV. CONCLUSIONS 

In section 3 we have suggested a new algorithm which 
generates a rain coverage map, given a set of CWN links. The 

suggested algorithm however is not limited to the generation 

of rain coverage maps. Any known relation between the 

measured RSL and a physical phenomenon, other than the rain 

rate power law, enables applying the exact same formalism on 

the desired phenomenon. For example, David et al [9] showed 

their ability to relate between the liquid water content and the 

RSL in a CWN. Hence, one may use our suggested algorithm 

to generate liquid water content coverage maps. 

In cases where an area was found to be uncovered, one may 

want to choose a proper frequency and/or link quantization to 
add to the CWN. Thus, another interesting aspect is generating 

coverage maps as a function of frequency and/or quantization 

values for the purpose of synthesis. 

We mentioned and showed examples of the singularities 

which occur along the boundaries of the coverage maps and 

stressed that they have an actual physically plausible cause 

which rain map reconstruction algorithms should consider. 

Hydrologists are typically interested in stating whether a 

certain rain rate may or may not be detected by a given CWN. 

An answer to such a question may be easily derived by using 

our algorithm. All that is required for this purpose is applying 

a threshold on our coverage maps. In other words, generating 
a binary map which marks only the locations where a rain rate 

above a preset threshold may be detected. Figure 6 shows an 

example of applying such a threshold on the coverage map 

from example 1. One may easily notice that as we increase the 

threshold from 3mm/h to 4mm/h and finally to 5mm/h the 

detectable regions gradually grow. 

 

 
Fig. 6  Coverage Map for Hydrologists 

 

We conclude by admitting that for pure meteorological 

purposes, setting a cloud profile is too simplistic. A choice of 

a rain front is more general and should be considered. 

However, rain-fronts undergo diffusion and do not keep 
constant while propagating through land. Moreover, rain-

fronts are usually described statistically and not by 

deterministic functional forms. In the future we plan on 

considering such extensions to the foundations laid hereby. 
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