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Abstract
The ionospheric disturbances can be a result of high energy hits to the ionosphere from outer space of the Earth. There is a description of a method for detection ionospheric disturbances using OK0EU radio beacons and SDR (Software Defined Radio) based on MLAB (an Open Hardware project) in this paper. 
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Introduction
The outer regions of the Earth's atmosphere consist of a tenuous gas which is partially ionized by ultraviolet and X-ray radiation from the Sun, as well as by cosmic rays coming from outer space. These regions, which are known as the ionosphere, act like plasma concerning its interaction with radio waves. For more information about propagation of radio waves in ionosphere, please read [ 6 ].
GRBs  interact with ionosphere as was shown by others [ 8 ] whose research was done at VLF radio signals. Amateur radioastronomers usually use some submarine VLF transmitters for observing these effects. Unfortunately these radio transmitters have unknown signal for public because military transmission. 
Nowadays technic enables the comparable experiments at MW and SW signals and there are well defined radio beacons at those wave lengths.
Description of the method
We use 3.5 MHz band for our initial experiments with ionosphere. In region of the Czech Republic there are some QRP (low power) beacons [ 3 ] operating at that frequency. Each transmitter works with 1W RF power to a dipole antenna. The beacon frequency is derived from the high stability OCXO (Oven-Controlled Crystal Oscillator) 10 MHz normal. There is a CW (Continuous Wave) signal and the call sign is sent by all transmitters at the same time 40 Hz above the nominal frequency every minute. 
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[bookmark: _Ref343089923]Figure 1: Software Defined Radio setup.
Software Defined Radio SDRX01B [ 5 ] with pictured setup (Figure 1) is used for receiving a reflection of QRP beacon’s signal from ionosphere. SDRX01B is a device based on MLAB an Open Hardware project [ 1 ]. We provide all documentation for manufacturing and reviewing this design for free. Moreover, this hardware can be extended easily by other MLAB modules such as processors, A/D converters, amplifiers, …
The signal from SDR is captured in Personal Computer by Sound Card.
Data processing
We do a FFT analyze of received signal by the Spectrum Lab software [ 7 ].  We can record a Doppler shift and amplitude of reflected signal in time domain from five beacons at five different frequencies simultaneously.  See Figure 2. There is displayed frequency on vertical axis, time on horizontal axis and amplitude is shown by color. Brighter line corresponds with higher amplitude. The Doppler shift corresponds with a radial velocity of ionized layers and the amplitude corresponds with density of ions in the ionosphere.
Note that Doppler shift displayed here is only about 0.5 Hz, which shows, that this method is very fine.
[image: http://www.astrozor.cz/graphics/upload/reports/43-03.27.12-22_33_34.jpg]
[bookmark: _Ref343090168]Figure 2: Captured frequency shift at the time domain.
This measurement is very sensitive while the equipment is not very expensive so this kind of observation is suitable for amateur radioastronomers [ 4 ]. 
Results
Unfortunately the ionosphere is very complex. It is necessary to eliminate the Sun influence for the data mining of the particular disturbances caused by GRBs or other distant high energy sources. We are not able to confirm any GRB in our data collected in two month of continuous observation. We suppose we have to reach bigger time resolution in our data because the GRBs possibly cause only short SIDs at SWs. There is no technical problem with faster recording. It is only a question of software setup. We have to repeat our measurement with different setup. 
Our proposals
We propose to study GRB’s influence to ionosphere at higher frequencies then VLF. As we have more precise resolution in geometry of week ionized plasma in the atmosphere with SW than with LW we expect to get more precise data about ionosphere this way. On the other hand we don’t know if our method is sensitive enough for the detection of ionization caused by GRBs. It is a task for further observations.
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