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Abstract 

 
 Electromagnetic waves in the FM broadcasting frequency band have been observing at our eleven observatories 
in Japan. We have been frequently observed anomalous FM radio waves due to reflection by the ionospheric sporadic-E 
layer, and due to the tropospheric duct propagation. For large amounts of data observed in years, it is important to 
classify them automatically. Thus, we propose a method to classify above two FM radio waves based on their 
propagation characteristics. We evaluated the method using data observed at Hiroshima and Aso from 2005 to 2010. As 
a result, we confirmed that the classification method worked correctly. 

 
1. Introduction 

 
 Anomalous radio propagations are known to cause interference problem in the television, radio broadcasts and 
wireless communications. Therefore, it is important to understand characteristics of them. In usual FM radio 
observations of non-line-of-sight environments, anomalous FM radio waves due to reflection by the sporadic-E layer of 
the ionosphere (hereafter reflected FM radio waves), and due to the tropospheric duct propagation (hereafter ducted FM 
radio waves) have been observed [1]. We have been investigating electromagnetic (EM) waves in the FM broadcasting 
frequencies (76 MHz - 90 MHz) of VHF band at our eleven EM observatories in Japan since 1998, and frequently 
observed above anomalous FM radio waves. Further, urban EM noises and broadband EM emissions caused by natural 
phenomena such as thunders have been also observed [2]. 
 In order to make clear the characteristics of the radio waves for large amounts of data set observed in years, it is 
important to classify and extract the radio waves automatically. However, there has been no method for classifying the 
reflected and ducted FM radio waves from the observed data. Thus, in this paper, we propose a classification method of 
both reflected and ducted FM radio waves based on their characteristics. Then, using proposed method, we show the 
results of the classification of the data observed at Hiroshima and Aso in Japan for 6 years from 2005 to 2010, and 
discuss the characteristics of these waves. 

 
2. Observation system 

 
 Figure 1 shows a schematic illustration of our observation system. A Yagi-Uda antenna with three elements has 
been used as a receiving antenna for the EM waves in FM broadcasting frequency band. The antenna has been set 
parallel to the ground and oriented to south direction, and connected to PLL type synthesized digital FM tuners [2]. In 
this observation system, a limitation of measuring level of EM wave is about -120 dBm. The received levels of the FM 
radio waves have been recorded to a hard disk in a personal computer via an A/D converter. The observation time has 
been adjusted based on the time of GPS clock. The time in the observation results given in this paper is in Japanese 
Standard Time (JST). 
 In this study, we chose Hiroshima and Aso EM observatories from our eleven EM observatories for the 
observations of the reflected and ducted FM radio waves. In VHF band, a frequency of 89.1 MHz broadcasted from 
AFN Okinawa station in Japan has been selected. Further, we observed EM noises around frequencies of 81.0 MHz in 
the same antenna directions in order to determine the broadband EM emissions. In Japan, frequency of 81.0 MHz has 
been not assigned for any FM broadcast in Japan. When broadband EM emissions are occurred, observed EM levels 
fluctuate in both frequencies simultaneously. Locations of these observatories and broadcasting station are show in 
Figure 2. In the observations using these frequencies, FM radio waves have been usually not received due to the non-
line-of-sight propagation. In contrast, intense radio waves have been observed caused by occurrences of the sporadic-E 
layer of the ionosphere and the tropospheric duct. In the Hiroshima and Aso EM observatory, the data sampling have 
been performed every one second. 
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3. Classification method 

 
 In the EM observations, many anomalous FM radio waves and EM emissions such as broadband noises have 
been observed. Figure 3 shows an example of simultaneous observation of both reflected and ducted FM radio waves in 
24 hours observed at Aso observatory. The intense reflected FM radio waves were observed from 16 to 18 and 9 to 11 
o’clock. On the other hand, the ducted FM radio waves were observed during night time from 21 to 8 o’clock. In order 
to identify the reflected and ducted FM radio waves from the observations as shown in Figure 3, we defined following 
criteria based on the characteristics of the anomalous FM radio wave and EM noise. Classifications of the radio 
propagations were performed every one hour. Flow of the classification method is shown in Figure 4. At first, reflected 
FM radio waves are sorted out. Criteria are as follows; 

(1) A Difference between the intensity of the EM wave and a daily mode value of EM intensities is larger than a 
defined value; 

(2) A fluctuation level in one hour exceeds a criterion value; 
(3) There are no fluctuations both FM radio wave and EM noise intensity; 
(4) An FM radio wave intensity fluctuates more than a defined value in one minute. 

After the detection of the reflected FM radio waves, ducted FM radio waves are extracted using following 
determination methods; 

(1) One hour median value of FM radio wave intensity is higher than that of EM noise; 
(2) A difference between the median value and 5% of cumulative probability of the FM radio wave exceed a 

criterion value. 
 

 
 

Fig. 3: Example of the reflected and ducted FM radio waves. 

 
 

Fig. 1: EM observation system using a Yagi-Uda 
antenna and PLL synthesized digital FM tuners. 

 
Fig. 2: Hiroshima and Aso EM Observatories and 
broadcasting station at Okinawa in Japan. 
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4. Observations 
 

 We examined the occurrence of the reflected and ducted FM radio waves detected by the above method using 
the data observed from 2005 to 2010. Figure 5 and Figure 6 shows observation results of the reflect FM radio waves at 
Hiroshima and Aso, respectively. In both figures, number of counts is summations of reflected FM radio waves at the 
same hour each day in one month. It was found that the reflected FM radio waves were mostly observed in summer 
season and more frequently observed months in a year were June and July. Further, the reflected FM radio waves were 
more frequently observed around 12 and 18 o’clock in a day. These results agree with previous investigations [3, 4]. 
Observations of the ducted FM radio waves at Hiroshima and Aso are shown in Figure 7 and Figure 8, respectively. 
Configurations of figures are same as Figure 5 and Figure 6. Number of counts of the ducted FM radio waves was less 
than that of reflected FM radio waves. Further, observations of the ducted FM radio waves at Hiroshima were a little. It 
is conceived that this result is due to the difference of the distance from the broadcasting station to the EM observatories. 
It was confirmed that the reflected FM radio waves were mostly observed in spring and fall seasons, and night time 
observed at Aso observatories. 

 
5. Summary 

 
 We observed reflected and ducted FM radio waves observed at Hiroshima and Aso in Japan for 6 years from 
2005 to 2010. In order to classify and extract their radio waves from large amounts of data set observed in years, we 
proposed a classification method of both reflected and ducted FM radio waves based on their characteristics. Using this 
method, we classified the radio propagations from the data set. The reflected FM radio waves were mainly observed 
around 12 and 18 o’clock in summer at both observatories. On the other hand, the ducted FM radio waves were 
observed during night time in spring and fall at Aso observatory. Since the reflected and ducted FM radio waves were 
properly detected as described above, it was confirmed that the proposed classification method worked correctly.  
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Fig. 4 Flow of the classification of the reflected and ducted FM radio waves. 



 
 
 

     
 
 
 

     

 
 

Fig. 8: Number of counts of the ducted FM radio 
waves observed at Aso. 

 
 

Fig. 7: Number of counts of the ducted FM radio 
waves observed at Hiroshima. 

 
 

Fig. 6: Number of counts of the reflected FM radio 
waves observed at Aso. 

 
 

Fig. 5: Number of counts of the reflected FM radio 
waves observed at Hiroshima. 


