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Introduction: When meteoroids interacting with 

the atmosphere give rise to meteors, ionization of air 

molecules and chemical species in these particles of 

interplanetary matter takes place along the atmospheric 

path of the event. Electrons and positive ions gradually 

recombine. But as long as this ionic tail is present it is 

capable of reflecting incident radio waves. So, this 

property can be employed to detect these meteors, with 

the advantage over other methods (e.g., video tech-

niques), that it can be employed 24 hour a day, even 

with cloudy skies. For this reason, since 2005 we em-

ploy several systems for the detection of radio meteors 

as a complementary technique in the framework of the 

SMART project (Spectroscopy of Meteoroids in the 

Atmosphere by means of Robotic Technologies) [1,2]. 

With our radio systems we can easily measure in a con-

tinuous way which is the activity level of meteors in the 

atmosphere. Here we describe these radio systems, and 

present some events that have been simultaneously 

recorded by means of radio and video techniques. 

 

 
Figure 1. The 10-elements 11.6 dBi Yagi antenna 

located at La Hita Astronomical Observatory. 

 

Instrumentation and methods: To analyze the ac-

tivity of radio meteors we employ three forward-scatter 

radio systems operating at a frequency of 143.05 MHz. 

Two of these are located at two meteor-stations in 

Spain: Sevilla (setup in 2006) and La Hita (setup in 

2016), and employ a 4-elements 9 dBi and a 10-

elements 11.6 dBi Yagi antenna (Figure 1), respec-

tively. The third is a mobile radio system (employed 

since 2005) which can be easily deployed at a conven-

ient location. This mobile system currently employs a 

vertical omnidirectional 4.5 dBi antenna. Each antenna 

is connected to a computer-controlled ICOM PCR1500 

radio receiver. The devices at Sevilla and La Hita per-

form a continuous operation and receive the reflections 

from the Grand Réseau Adapté à la Veille Spatialle 

(GRAVES) radar, which is located in Dijon, France 

(http://www.onera.fr/dcps/graves). 

The cameras and spectrographs employed to obtain 

images of meteors and record their emission spectra 

have been described elsewhere [1,2]. Most of these are 

based on an array of low-lux CCD video cameras 

manufactured by Watec Co. (models 902H and 902H2 

Ultimate) that monitor the night sky and operate in a 

fully autonomous way by means of software developed 

by J.M. Madiedo. The atmospheric trajectory of these 

events and the orbit of the progenitor meteoroids are 

calculated with the AMALTHEA software [3]. 

 

 
Figure 2. Screenshot of the Meteor Echo Recorder 

software. 

 

The radio detection and analysis software: The 

Meteor Echo Recorder software has been developed by 

J.M. Madiedo to automatically analyze the incoming 

audio signal provided by the radio receivers in order to 

identify echoes produced by meteors. This identifica-

tion is performed in real time (Figure 2). The software 

also saves the incoming audio signal in WAV format 

and, once an echo is identified, it provides the evolu-

tion with time of the intensity profile of these events. In 

this way, an activity profile is obtained, and the main 

features of each echo can be inspected. 

Alternatively, the audio signal provided by the ra-

dio receivers can also be sent to the HROFFT software 

[4]. The AMALTHEA software processes the data 

provided by HROFFT and Meteor Echo Recorder to 

eliminate false positives, identify underdense and over-
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dense echoes, and plot the evolution with time of me-

teor and fireball activity.  

Selected results: Our radio meteors analysis soft-

ware implies an important improvement in relation to 

already-existing similar packages, since this allows to 

obtain a more reliable measurement of this activity. For 

instance, Figure 3 shows the fireball activity measured 

with AMALTHEA during the 2017 Perseids, once 

false positives were removed from data provided by 

HROFFT. 

 
Figure 3. Estimation of fireball activity during the 

2017 Perseids from radio data. 

 

There exists also an important synergy between 

video and radio systems. Thus, both techniques are 

complementary, and the simultaneous detection of a 

meteor by means of video cameras and radio receivers 

allows to correlate the visual properties of the meteor 

with the features observed in the corresponding radio 

echo. For instance, this allows to establish which video 

events produce underdense or overdense echoes. How-

ever, the ability to observe simultaneously a meteor by 

means of both methods depends strongly on geometry. 

Thus, from La Hita and Sevilla we are recording ech-

oes corresponding to meteors that overfly the south of 

France and the north-east area of Spain. This implies 

that we can observe video counterparts appearing at a 

distance of around 350-500 km of the meteor-

observing station located at La Hita Astronomical Ob-

servatory (Figure 4). Thus, these events will appear at a 

relatively low altitude as seen from that location. 

 

Conclusions: We have described the hardware and 

software tools employed to identify and analyze radio 

meteors in the framework of the SMART project, and 

the synergy we obtain with our video systems.  In par-

ticular, this software improves the capabilities of al-

ready-existing packages, and allows discarding false 

positives and discriminating between underdense and 

overdense echoes. In this way, we can obtain a reliable 

and continuous estimation of meteor and fireball activ-

ity over Spain and neighboring areas.  

 

 
Figure 4. Sum-pixel image of a fireball event re-

corded on video on 14 Sept. 2017 at 1h43m56s UT 

from La Hita meteor-observing station, together with 

the intensity profile of its corresponding radio echo. 
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