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Abstract—Anomalous propagation echo belongs to 
representative non-precipitation echoes which have very similar 
characteristics of precipitation echoes. It occurs due to super-
refraction or ducting phenomenon of radar beam by temperature 
or humidity. There are a lot of ongoing researches about 
detecting and removing the anomalous propagation echo in radar 
data in order to improve accuracy of data analysis. This paper 
suggests a detection method with artificial neural network for 
separating the anomalous propagation echo from radar data, 
which uses discrete wavelet transform in order to extract 
characteristics of the anomalous propagation echo. The result 
derives that artificial neural network with discrete wavelet 
transform shows good performances. 

Keywords-anomalous propagation; neural network; discrete 
wavelet transform 

I. INTRODUCTION 
Weather forecasting is one of important information which 

affects various fields from personal interests to benefits of 
companies. It is possible to observe meteorological 
phenomena using weather radar and satellite due to the 
technological development. Especially, the weather radar 
provides essential data of the observed data because the radar 
has many advantages: fine resolution in space domain; 
information in near-real time and in remote land areas and 
over adjacent seas; relatively wide observation range; and so 
on. Therefore, the analysing process of the radar observation 
data is essential in weather forecasting. 

However, some sorts of unwanted radar echoes are 
contained in weather radar data such as sea clutter, anomalous 
propagation, chaff echo, etc. Due to these kinds of unwanted 
data, which are called non-precipitation echoes, make the 
forecasting result inaccurate. Therefore, there are a number of 
researches for quality control (QC) in the forecasting process 
[1-2] 

In this paper, a classification algorithm which uses the 
artificial neural network is suggested for separating the 
anomalous propagation echo. Also, in order to extract features 
of the anomalous propagation echo, discrete wavelet transform 
is applied. The rest of this paper is as follow. In chapter 2, the 
features of the anomalous propagation echo explain briefly. 
And the suggested classification method is described in 
chapter 3. After that, the experimental results with the actual 
anomalous propagation echo are presented in chapter 4. 
Finally, the conclusion is showed in chapter 5. 

II. ANOMALOUS PROPAGATION ECHO 
The observation efficiency is different by characteristics of 

remote sensing device using radio signal. In other words, a 
beam path of the weather radar is changed by the atmospheric 
condition. The path is determined by temperature, pressure, 
distribution of vapour, etc. It is classified as normal refraction, 
sub-refraction, super-refraction and ducting [3-5] by the path. 
The types of the refracted radar beam are shown in FigureⅠ.  

The weather radar calculates altitude of observation targets 
consider as the normal refraction of the radar beam. Therefore, 
unexpected echoes could appear in the observation area of the 
weather radar by a surface scattering when the super-refraction 
or the ducting occurs. The surface scattering makes the 
weather radar to consider trees, mountains, and sea surface as 
meteorological objects such as rain, snow, etc. The echoes are 
called as an anomalous propagation echo and the echo 
generally has strong reflectivity distribution. The anomalous 
propagation echo gives cause for problems of quantitative 
precipitation estimation. Hence, there are a number of 
researches and studies about the anomalous propagation echo 
in the world [6-7].  

 
FIGURE I. TYPES OF A REFRACTED RADAR BEAM. 

 
FIGURE II ACTUAL OCCURRENCE CASES OF ANOMALOUS 

PROPAGATION ECHO. 

The actual appearance cases of the anomalous propagation 
echo are shown in FigureⅡ . The curved arrow marks in 
FigureⅡ indicate the anomalous propagation echo. Without 
quality control process by the skilful meteorologist, the 
observed echoes could be considered as the precipitation 
echoes. The false weather forecasting by the anomalous 
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propagation echo could make economical, material damages in 
direct or indirect way. Therefore, in order to prevent 
inaccurate weather forecasting, the anomalous propagation 
echo should be removed. 

III. CLASSIFICATION METHOD 
In order to obtain accurate weather forecasting result, there 

are a number of on-going researches in the world. The 
representative research topics of the anomalous propagation 
echo are as follow: applying classification algorithm such as 
fuzzy inference system or Bayesian classifier [8-9]; analysing 
actual occurrence cases in specific region [10-11]. In this 
paper, artificial neural network algorithm is chosen as 
classification method and discrete wavelet transform method is 
applied for the purpose of extracting characteristics of the 
anomalous propagation echo.  

A. Artificial Neural Network 
The artificial neural network has been considered as an 

essential and powerful tool for classification due to its 
advantages. The advantages of artificial neural network are as 
follow: it is self-adaptive data-driven methods; it could 
approximate complex functions with arbitrary accuracy; it is 
flexible in modelling real world complex relationships; it 
could estimate posterior probabilities which provide the basis 
for establishing classification rule and performing statistical 
analysis; and so on [12]. For the purpose of utilizing these 
advantages, the artificial neural network is selected in this 
paper. 

B. Discrete Wavelet Transform 
The discrete wavelet transform (DWT) provides a 

transformation of a signal from the time domain to the scale-
frequency domain [13]. The DWT is computed on several with 
different time/scale-frequency resolutions. The scaling 
function and wavelet function is shown in eqn (1) and eqn (2) 
where M indicates the specified number of nonzero coefficient. 
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The DWT is applied for transforming the reflectivity 
distribution data into scale-frequency domain. It is possible to 
decide standard model of the anomalous propagation echo 
with a lot of actual case studies and statistical approach. 

C. Overall Structures of the Proposed System 
The suggested system of this paper for detecting the 

anomalous propagation echo is shown in Figure Ⅲ as a flow-
chart form. When the raw radar data is generated, coordinate 
conversion process is applied in order to change the coordinate 
of radar data from spherical to Cartesian. After that, clustering 
algorithm is applied in order to make hierarchical structure of 
the unsorted and converted radar data using the spatial 
clustering method [14]. Although there are several famous 
clustering methods such as k-means or fuzzy c-mean, the radar 
data would not provide the number of cluster. Therefore, the 
spatial clustering technique which is a kind of agglomerative 
clustering is applied. 

 
FIGURE III. OVERVIEW OF THE SUGGESTED SYSTEM. 

With the clusters which are outputs of the spatial clustering, 
the reflectivity distribution data is extracted. And the DWT 
algorithm is applied using the reflectivity distribution data in 
order to make input of classification method. The 
classification method is artificial neural network which 
separates the clusters into the anomalous propagation echo or 
not. After labelling the echoes, the proposed system generates 
two kinds of radar data which are the data contain the 
anomalous propagation echo only and the data without the 
anomalous propagation echo. Finally, the radar data without 
the anomalous propagation echo is converted its coordinate for 
unity of the raw radar data. 

IV. EXPERIMENTAL RESULTS 
For the purpose of verification of the suggested system, it 

was needed to select real occurrence cases of the anomalous 
propagation echo. Therefore, the actual cases were collected 
and extracted the reflectivity distribution data both the 
anomalous propagation echo and the precipitation echo. There 
were several representative wavelet functions such as Haar, 
Daubechies, Symlets, Coiflets, and so on. In this paper, 
Daubechies’4 function was selected because it showed better 
performance than other functions. The gathered data from the 
extraction process was separated as training, validation and 
test data into 7:1.5:1.5. The hidden layer of the artificial neural 
network was selected as 10. 

Figure. Ⅳ  indicated the experimental result using the 
suggested classification method. Except for the small echoes, a 
large scale echo in centre of the radar image was the 
anomalous propagation echo. In order to compare the 
suggested method clearly, two kinds of artificial neural 
network were implemented: one with discrete wavelet 
transform; the other without discrete wavelet transform. From 
the test results, the suggested method showed better result than 
the without DWT version: 87.1% accuracy. 

 
FIGURE IV EXPERIMENTAL RESULT USING ANN AND DWT. 

V. CONCLUSION 
In weather forecasting process, it was greatly important to 

analyse raw data of weather radar and distinguish precipitation 
echo and non-precipitation echo. In this paper, in order to 
detect anomalous propagation echo, the artificial neural 
network with discrete wavelet transform was suggested as 
classification method. The proposed classification method 
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showed that the proposed classification method can detect the 
anomalous propagation echo successfully. 

Further suggested work is to increase accuracy of 
separating the anomalous propagation echo. For example, 
other data could be applied which could be converted from the 
clusters like maximum reflectivity, radial velocity, altitude, 
and so on. Also, it is possible to apply suggested classification 
method to other non-precipitation echoes such as chaff, sea 
clutter. 
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