Technique for Measuring RF Noise Sources
using the RTL Dongle
1
Introduction
This is the third article in a series dealing with the use of the RTL SDR Dongle. It describes one method of using the low cost Software Defined Radio RTL Dongle to make quantitative measurements of radio noise signal strengths in the context of Amateur Radio and Amateur Radio Astronomy. The need to measure and record the signal strength of noise sources is more applicable to Amateur Radio Astronomy than Radio Amateurs as many natural radio emissions are generated by thermal or synchrotron radiation, both of which are ‘noise like’.
One of the easiest to use control programs for the RTL Dongle is probably SDR Sharp1, with the latest version at the time of writing being v1.0.0.1331. This software is capable of tuning over the whole range of the RTL device (from ~ 24MHz to 2.2GHz) and provides an output to the PC sound card from various demodulators. At present however the software is only designed for radio amateurs to listen to the audio output - and there seems to be no way of obtaining an output data stream that can be used to measure and record noise levels in real time.

The basis of the technique has been described previously 2 3  in connection with the detection of radar echoes from meteors and measuring CW signals.  It is recommended that these references be consulted before carrying out experiments based on the information described below.  Please see: Techniques for using the RTL Dongle for Detecting Meteors - Dr David Morgan.  http://www.britastro.org/radio/projects/meteorproj.html .
It is necessary to be familiar with setting up and operating SDR Sharp 4, Spectrum Laboratory 5, Radio Sky-Pipe 6  and Zadig RTL Driver 7 in order to use the techniques described below.

Much of the detailed setting up of the system components has been described in references 2 and 3. Here, only the particular changes in configuration to enable broadband noise measurements to be made will be described.
2
RTL Dongle Setup
2.1 Limitations of RTL Dongle
Especially when using high gain settings, the RTL Dongle is subject to being overloaded by the total noise power of a broadband noise signal present at the RF input. This can result in excessive intermodulation and device non-linearity, making it impossible to make sensible measurements.  It is recommended that any noise signal is appropriately band limited prior to the device input.  This can be achieved using a variety of low loss passive filters, either of amateur construction or obtainable from commercial sources such as Mini Circuits 8.  An example of a non-commercial HF tuneable bandpass filter is shown in Figure 1
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Figure 1   Band-limiting Noise prior to RTL Dongle
A simpler Low pass filter can also be used as shown in Figure 2, if noise measurements are to be made in the HF or low VHF bands.  For Hydrogen Line measurements at 1420MHz, a Mini-Circuits VHF-1200+ high pass filter is a good option.
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Figure 2    Simple HF Low Pass Filter
Having band-limited the signal, the gain of the RTL device should be adjusted to ensure it is operating linearly by using an input step attenuator and monitoring the signal levels on the SDR Sharp spectrum screen - (once it has been set up).
3
SDR Sharp Setup

3.1  SDR Sharp settings

To measure band-limited noise, SDR Sharp should be set to AM demodulation and an appropriate analysis bandwidth selected. The maximum demodulated audio bandwidth available is 16kHz.  In the example below we have selected 10kHz audio BW (20kHz IF BW).  The settings for this measurement should be as shown in Figure 2 below.
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Figure 2    SDR Sharp Settings for Noise Measurement
4
Sound card Setup

The PC sound card setup is the same as that detailed in references 2 and 3. Remember to check that the audio output level is not saturated and is at about 30% of full scale as shown in Figure 3.
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It is more important to check the ‘Audio Output’ and ‘Line In’ signal levels when measuring noise, as it is easier to saturate the sound card amplifiers than when using a CW signal.
    Figure 3    Audio output level check
5
Spectrum Lab Setup
Spectrum lab input source should be ‘Line In’ and the sampling rate chosen is 48000s/s as shown in Figure 4. This will enable Spectrum Lab to analyse and display frequencies up to 24kHz.  Remember the maximum audio bandwidth available from SDR Sharp is 16kHz.  In the example given below we will use a bandwidth of 10kHz.
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Figure 4    Select ‘Line In’ input driver and Sample Rate
The digital filter is set up to band limit the signal to 10kHz – the same as the audio bandwidth from SDR Sharp in our example. See Figure 5.
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Figure 5    Filter Bandwidth  set up  (10kHz in this example)
To demonstrate the performance of the system in measuring a noise signal we use a broadband stable noise source such as that shown in Figure 6.
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Figure 6    Stable Broadband Noise Source
The RTL, SDR Sharp and sound card amplitude levels are all adjusted to ensure good signal levels, but without forcing components into non-linear operation. The Spectrum Lab waterfall plot for the 10kHz noise measurement is shown in Figure 7.
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Figure 7     Spectrum Lab display screen for 10kHz noise measurement
We can see from this display that the noise is uniform across the frequency band and has stable amplitude with time.
The ‘Watch List’ settings are now configured as shown in Figure 8. The average and peak values of the noise in the 10kHz band are measured and recorded into a CSV file. One can use either of these records as the measurement output.
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Figure 8     Setting up the Peak and Average functions over the 10kHz band
The resulting ‘Watch List’ plot and waterfall plot are shown in Figure 9. We can see that the noise amplitude falls in ~10dB steps as the input signal to the RTL Dongle is reduced using a calibrated attenuator. The ‘linearity’ over the 30dB range is seen to be satisfactory.
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Figure 9    Output plot of Noise Measurement made with a 10dB step attenuator
6
Radio-SkyPipe Set up

Radio-SkyPipe is set up as in reference 3. For brevity, no further details are given here.
7
Conclusions

· The low cost RTL Dongle can be used to make measurements of noise like signals with good sensitivity and linearity over at least a 30dB amplitude range using SDR Sharp and Spectrum Lab or Radio-SkyPipe.
· Such a system is capable of measuring, displaying and real time recording of noise-like signals that are emitted from astronomical radio sources such as supernova remnants, hydrogen line regions or the Sun. Generally, signals from the first two types of sources are less than 2dB above system noise when using a typical amateur radio telescope with a 3m diameter dish antenna. Typically, the difference between a ‘Hot Sun’ and a ‘Cold Sky’ signal is less than 15db. Within this range a 3m telescope and the RTL Dongle and associated software described here are capable of recording these levels with good linearity.

· Extra care must be taken in ensuring that the noise signal being measured is suitably band limited before the input to the RTL Dongle. It is relatively easy to overload the device with total noise power – and it is sometimes difficult to detect this by looking at the SDR noise spectrum.
· The low cost RTL Dongle makes a useful contribution to the capabilities of an amateur radio astronomy observatory.
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