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A Technique for Measuring Signal Strength
with the RTL Dongle
1
Introduction

This note describes one method of using the low cost Software Defined Radio  RTL Dongle to make quantitative measurements of radio signal strengths in the context of Amateur Radio and Amateur Radio Astronomy.
One of the most easy 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 providing an output to the PC sound card from various demodulators. At present however the software is designed for radio amateurs listening 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 signal strength in real time.
The technique described in this note permits signal strength (carrier levels) and demodulated audio level data to be obtained in real time. The basis of the technique has been described previously 2 in connection with the detection of radar echoes from meteors and it is recommended that this reference 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 3, Spectrum Laboratory 4 and Radio Sky-Pipe 5  in order to use the techniques described below.
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2
Setting up SDR Sharp

A guide to setting up SDR Sharp can be found at reference 3 and the software itself can be down-loaded from reference 1. It is important to remember that the ‘Zadig’ driver 6 for the RTL dongle must be loaded before running SDR Sharp. It also vital to ensure that the Microsoft .net framework 3.5 environment is loaded on the PC, or SDR Sharp will not run!
It is possible to measure the audio output from any of the demodulators in SDR Sharp by following the guidelines given in reference 2 with various adjustments depending on demodulator bandwidth and output levels. Measuring audio output levels will be explained in greater detail in a forthcoming note. What follows is a method of measuring the signal strength of a radio signal with a carrier – ie an AM, FM or CW signal. The ability to measure signal strength is very useful in studies of long distance radio path propagation from beacons or time signals.

Basis of measuring carrier signal strength

There seems to be no direct method of retrieving the carrier wave signal strength from SDR Sharp directly, as the only output is the audio from the PC sound card. This output does not have a DC component which represents the amplitude of the carrier signal – it is filtered out. It is possible however to convert the carrier signal level into an audio tone, the amplitude of which varies with carrier level by using a Beat Frequency Oscillator (BFO) that is available in SDR Sharp when using the CW demodulator. 
2.1
SDR Sharp should be configured as described below:

2.1.1   Demodulator

The audio output tone can be set to different frequencies from the SDR Sharp control panel, but it is usually set at 600Hz which is standard for Amateur Radio use. See Figure 1.
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Figure 1 Converting CW signal Level to an Audio Tone using a BFO

2.1.2  Filter bandwidth
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This should be set to be narrow – only a few hundred Hz either side of the carrier to reduce the audio output background noise so that the BFO signal is dominant. See Figure 2.  This is particularly important if we use Sky-Pipe to convert the audio signal to a data stream to be captured in a CSV file. It is not so important if Spectrum Lab is used, as it has its own set of narrowband filters.
Figure 2 Setting a Narrow Filter Bandwidth
2.1.3  Automatic Gain Control

The ‘Use AGC’ box should be left un-ticked for making CW signal level measurements. The Audio filter tab should be enabled as shown in Figure 3.
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Figure 3 Setting up AGC and Audio Filter
2.1.4  Zoom FFT

The Zoom FFT boxes should be enabled as shown in Figure 4. Visibility of the Intermediate Frequency (IF) spectrum is important for accurately setting the carrier frequency (of the signal being measured) to be in the centre of the IF bandwidth. See Figure 5.
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Figure 4  Enabling the IF and Audio spectra
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Figure 5   Centring the CW signal within the IF Bandpass
The audio tone from the BFO is ‘cleanest’ with the CW signal centred within the IF passband. This produces the most stable and accurate measurement.
2.1.5  Setting the Measurement frequency

This is done either by typing the required frequency at the top of the SDR Sharp main page as shown in Figure 6 or using the cursor (red line) to sit on top of the required signal in the spectrum display pane.

[image: image7.png]Device. RE20T.
(Generic RTL2832U OEM

Sample Rate
‘Sampling Mode:

[[] Offset Tuning

IDRTLBGC

| ) Toer 5 [

| FF Gain 1 uSdB-:

FER . g g
HTR. Y
—— =

Femrem ) 5 |





.

Figure 6  Setting the Measurement Frequency
2.1.6  Setting the RTL Dongle Parameters
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The RTL Dongle device controls are found by clicking the ‘wheel’ symbol (3rd from the left) at the top of Figure 6.

The Offset Tuning , RTL AGC and Tuner AGC should be unchecked as shown in Figure 7.

The RTL Gain should be set appropriately for the signals being measured – ie high enough for good signal to noise, but not so high as to overload the device with strong signals (which may be out of band).

The frequency correction should be set to compensate for offsets in each particular RTL Device.

     Figure 7 RTL Dongle Settings

2.1.7  Audio Output Amplitude
The slider (5th on the right in Figure 6) should be set to a moderate level that does not overload the input to the PC sound card on the strongest signals.

2.1.8  Example Measurement
We will use the set up above to measure the signal fading properties of WWV Time Signal on 25.000000 MHz which is transmitted for Fort Collins in Colorado in the USA.

[image: image9.png]Pt |Recarang | sounds | Conmuncatins]

Seect plaoack devie elow 1o moaty s setings





Figure 8   Location of WWV  Time Signal Transmitter on 25MHz

We set the measurement frequency to 25MHz as shown in Figure 6 and if necessary fine tune the frequency by a few Hz to bring the signal into the centre of the IF passband as shown in Figure 5. The 600Hz BFO tone can now be heard as the audio output from the PC sound card. A few moments spent listening to this will confirm that the strength of the audio tone is related to the amplitude of the carrier. 
Next we turn to setting up the PC sound card

3
Setting up PC Sound Card
3.1 Sound card types

As indicated in reference 2 each type of sound card may require a specific configuration in order to enable the SDR Sharp audio output to be accessed by a measurement program such as Spectrum Lab or Sky-Pipe. One example will be given below. This is for a Realtek sound card running on Windows 7 which does not have a Mono or Stereo Mix facility. It has two separate sound card channels that require a hardwired cross connection. The principles involved are broadly the same for many sound cards.
3.2  Sound card settings
When the headphone output of one half of the sound card is hardwired to the line input of the second channel the settings dialogues open up. These windows are shown in Figures 9 and 10
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The output level should be set so as not to saturate on the strongest audio signal produced by the BFO.

Figure 9  Set Headphone out level to ~30%
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Set to ~ 50% and ensure that the input levels do not saturate on the strongest signals.
 We can now move on to set up Spectrum Lab.

Figure 10  Setting levels for the ‘Line In’ 

Analogue Input on the Sound Card

4
Setting up Spectrum Lab
Both Spectrum Lab and Sky-Pipe can be used at this point to turn the BFO audio signal into a CSV data file. We will first look at using Spectrum Lab as it has some advantages over Sky-Pipe in terms of internal filtering that can be used to minimise SDR Sharp / RTL receiver noise accompanying the BFO signal we wish to measure.
4.1  Spectrum Lab Audio Input settings
Some familiarity with this software is required now to set up the best parameters to analyse and quantify the BFO signal level.

The sound card ‘Line In’ driver should be selected - and as the BFO signal being analysed is only at 600Hz we can use a fairly low sampling frequency of 11025Hz, as shown in Figure 11.
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Figure 11    Audio Input Settings for Spectrum Lab
4,2  Display Frequency Limits

We aim to display the 600Hz BFO tone so we only require a display a couple of kHz wide, say 0 to 2 kHz as shown in Figure 12.
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Figure 12 Display Limits Setting
The FFT settings (not shown) can be typically 4096 or 8192 points with appropriate FTT averaging (usually 1) and frequency binning (usually 1).

The Spectrum Display amplitude range can be set to something appropriate, say -80 to -40dB, to ensure that the BFO signal ‘spike’ is visible in the spectrum display.

It is not necessary to have a waterfall display, but some will find it useful in visualising the time variability of the BFO signal.

4.3  Setting the Digital Filter

As mentioned previously, one advantage of Spectrum Lab is the ability to set up user-defined filters to minimise the noise surrounding the BFO signal we wish to measure. The filter controls are accessed from the <components>  drop down menu found on the Spectrum Lab main screen. 

For measuring the strength of the BFO signal (the CW signal strength) we set up the filter with a centre frequency of 600Hz and a narrow bandwidth of 100Hz with appropriately steep sides. See Figure 13.
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Figure 13   Filter Window Settings
The filter suppresses the noisy input signal (green trace) and passes only the 600Hz BFO signal (blue trace) and some close in noise, but only at > 45dB down on the wanted BFO signal.  The effect of the filter can be seen in Figure 14 which is taken from the main Spectrum Lab display screen. We see that the BFO signal is dominant in the filter window (grey area) and that any residual SDR noise >40dB down, ensuring that the data in the watch list is truly a measure of the BFO and hence CW signal strength.
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Figure 14 BFO signal inside Digital Filter Bandpass on main display screen
4.4  Watch List Configuration
This is the final group of settings that we need to configure Spectrum Lab for use with the RTL Dongle and SDR Sharp to measure CW signal strengths. The ‘Watch List’ is the means of producing a CSV data file of the BFO and therefore the CW signal level. We start by setting up the number of data channels and maximum number of samples in the file. This is done as shown in Figure 15.
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Figure 15 Setting number of data channels and maximum sample number

[image: image17.png]


Two records are used to measure the BFO signal level. One is the ‘average’ value of the signal within the frequency limits defined by the Watch List. The other is the peak value of the BFO signal in the same band.
The usefulness of these two records is explained in Appendix 1.
Figure 16 shows the set up for the ‘average’ record – in this case record or channel number 1 –(red trace).

 Figure 16 Setting Data Records (Channels)

The setting of the ‘horizontal’ and watch list ‘layout’ are set to suit the real time watch list graph you wish to display.
The key settings for the watch list are found in the <Watch List> tab. Here we set the measurement of peak or average values for the two records within the FFT bins over which we wish to measure. 

This is shown in Figure 17.
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Figure 17  Setting up the Data files in the Watch List
Refer to the’ functions’ and ‘expressions’ in the Spectrum Lab help files for details on setting the expressions for the two channels. We calculate the average and peak amplitude values of FFT bins from frequency 550Hz to 650Hz – which encompasses the 600Hz BFO signal. For the peak signal level we subtract 10db to place both traces on the same plot.

A typical Watch List plot is shown in Figure 18.
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Figure 18  Real-time Watch List plot -  Average and Peak BFO signal Strength
A data file of the plot is generated by selecting <Export to Text File> from the Watch List  <File> menu.
Figure 19 brings together all the settings information for each system component for easy reference.

This concludes the setting up of the RTL Dongle, SDR Sharp and Spectrum Lab. What follows is an example of signal strength measurements made on WWV on 25MHz which shows how the technique can produce interesting and reliable data – for example on path fading.
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5
Examples of Measurements
5.1 Fading measurement

WWV is transmitted with 1kW from Fort Collins in Colorado, just north of Denver, and provides a good long propagation path to demonstrate fading due to changing Ionospheric conditions.
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Figure 20    WWV Station in Colorado USA (1kW) on 25MHz
An example of WWV signal fading measured using the system as configured in this article is shown in Figure 21.
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Figure 21    Example of Signal Fading from WWV using RTL Dongle
5.2  Calibrated Measurements

If a calibrated signal source is available the measurement system described can be adjusted to make ‘absolute’ signal amplitude measurements. In what follows, an HP 8660C synthesiser is used as the calibrated signal source and is used to set the various amplitude controls and display scales in the software to provide a “calibrated” signal output display in the watch list plot.
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Figure 22   HP 8660C Synthesised Signal Generator
The 50MHz signal is tuned in using SDR Sharp together with the facility to ‘fine tune’ to put the CW signal in the centre of the IF passband. The various amplitude controls are set to appropriate values to ensure adequate signal to noise but not to overload the sound card. The SDR Sharp screen showing the ‘calibration’ signal can be seen in Figure 23.
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Figure 23 SDR Sharp screen for ‘Calibration Measurement’

The signal amplitude is varied in 10dB steps from the synthesiser and the resulting Spectrum Lab watch list plot can be seen in Figure 24.
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Figure 24     Synthesiser input varied in 10dB steps
There are a few interesting points to be made about this ‘calibrated’ measurement. The first is that the low cost RTL Dongle when used in the manner described is capable of measuring a CW signal down to better than    -140dBm in a 100Hz bandwidth.  The second is that the linearity of the measurement system is good over the 30dB range displayed. The setting of the amplitude scales from the known synthesiser output level now permits ‘absolute’ signal level measurements to be made with this RTL device.
The frequency and amplitude stability of this equipment has not yet been determined. Examination of these aspects will follow at a later date.

This concludes the description of how to arrange and configure the hardware and software to enable the low cost RTL Dongle to be used to make RF signal strength measurements. We now show how to use Sky Pipe as the data file generator – in place of Spectrum Lab.
6
Setting up Sky-Pipe

6.1    Introduction to Sky-Pipe

Radio Sky-Pipe5  is a popular logging program and can be used as an alternative to Spectrum Lab to produce a data file similar to the time history of the ‘Watch List Plot’
The basic software is free but for full use a licence must be purchased.

Many readers will be familiar with working with Sky-Pipe and so only the settings pertinent to its use with SDR Sharp and the RTL Dongle will be discussed here.
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Figure 25   Radio-SkyPipe Version 2.1.9

6.2 Settings

Under the <options> tab on the main sky-pipe screen the <sound> tab needs to be selected and the appropriate sound device selected. In this case it is the ‘Line In’ device. See Figure 26.
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Figure 26   Selecting the appropriate sound input device
Click on the <data Source> tab and select Sound card left and right if you choose – as in Figure 27. You can just log one channel if you prefer. In the basic software (without the licence) only one channel is selectable.
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Figure 27   Selecting Sound Card Channels
The sample period can be selected under the <Timing> tab, usually set between 0.1 and 1 seconds.

Display information affecting the real time graph plotting can be set under the <Strip Chart> tab.

The program priority is set under the <Priority> tab from the main display screen.  This may need to be set to’ high’ or even ‘real time’ if a slow PC is being used, as SDR Sharp computer usage is quite intensive and Sky-Pipe may not plot properly if computer resources are limited.

6.3  Example plot

In the example that follows the sample period was 0.1 seconds and both sound card channels were used. The left channel (blue line on the plot) overlays the other right channel (red line). See Figure 28.
The plot shows the variation of signal strength in the WWV signal over a period of a couple of minutes.
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Figure 28   Example of Signal Fading from WWV on 25MHz using Sky-Pipe
There are some advantages to using Sky-Pipe but there is one drawback that needs to be mentioned. Unlike Spectrum Lab, Sky-Pipe has no digital filters and so the displayed signal strength is the summation of all frequencies in the audio output from SDR Sharp. For most measurements where the 600Hz BFO tone is much stronger than the accompanying audio background noise, this is not a problem. But when signals are very low and the BFO tone amplitude is comparable with the sum of the noise in the audio bandwidth, the Sky-Pipe measurement will be more variable and the wanted CW signal will tend to be lost in the noise. We might therefore expect a Spectrum Lab measurement to be more sensitive and accurate than one using Sky-Pipe – for low level signals.
The plotted Sky-Pipe amplitude can be scaled to produce a logarithmic dB scale using <Apply Functions> under the <Tools> tab – something which the Spectrum Lab Watch List does automatically.  Sky-Pipe is expected to be as ‘linear’ as Spectrum Lab in representing amplitudes over a 30-40dB range – and either approach can be used to measure signal strengths, for example from distant beacons or Timing signal stations. 
7
Conclusions
· The low cost RTL Dongle together with SDR Sharp v1.0.0.1331 and Spectrum Laboratory or Radio-SkyPIpe software can be used to measure and record RF signal strengths.
· If a calibrated RF signal source is available the system can be ‘cross calibrated’ to read signal strength in dBm or dBV.

· Such a system can be very useful in monitoring Amateur Radio beacons or other CW (narrowband) signals from international timing broadcasts. This means that real time measurements of transmission propagation performance can be made.
· Once the Dongle and the software packages have been set up, the configurations can be stored and recalled with ‘one click’ operations.

· Investigation with one type of RTL dongle shown on page 1 of this document has shown that it is capable of measuring a CW signal strength of -140dBm, -33dBV or 0.022V within a receiver bandwidth of 100Hz.
· The system has been shown to respond linearly to CW signals over a range of 30dB.

· It has been used successfully to record propagation fading characteristics of WWV timing signal broadcasts on 25MHz from the mid-west USA.

· Spectrum Lab can be replaced with Radio-SkyPipe data logging software if required. The appropriate configuration of this package has been demonstrated.
· The amplitude and frequency stability of the RTL Dongle and SDR Sharp have not been demonstrated here, neither has the degree to which a configuration made at one measurement frequency can be used at other frequencies. Slightly different RTL gain settings may be required to compensate for any device gain variation with frequency.

· PC sounds cards vary from machine to machine, but all types are potentially configurable to pass the audio output from SDR Sharp into either Spectrum Lab or Radio-SkyPipe.

· Considering the low cost nature of the RTL Dongle and the ‘free’ or low cost software required, this system represents considerable value for money in delivering a wide band sensitive RF spectrum and signal analyser.
Appendix 1

Using Peak and Average Watch List records
An example of the BFO signal and the background noise in the band specified in the Watch List of Spectrum Lab (Figure 17) is shown in Figure A1.
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The peak function <peak_a(f1,f2)> returns the peak value of the Fourier bins between the frequency limits f1 and f2. This gives us the value of the BFO signal when this is larger than the background noise.
The average function <avrg(f1,f2)> gives the average value of all FFT bins between the frequency limits. This includes the BFO signal and the background noise. If the BFO signal is large compared to the background noise level the peak and average values will have an almost fixed ratio between them.
   Figure A1  Signal in the Filter Band
If the BFO signal becomes small or comparable with the noise, the peak and average records will have similar values. In this case the difference between peak and average for a noise signal can be normalised by using the correction factor as shown below:
Peak_a(550,650) -10
Depending on the type of noise a good correction factor is -8 to -10dB.
So by comparing the peak and average traces we can tell if the BFO signal is always strong enough to dominate over the background noise. For the dominant case the peak signal trace has a fixed ratio above the average trace. The traces only become equal when the BFO signal has disappeared into the noise.
When measuring the RF signal level into the RTL Dongle, the peak values should be used as the output – with visibility of the fixed ratio ‘ tracking’ between peak and average providing reassurance that the signal has not fallen close to the system noise floor.
An example of the above can be seen in Figure A2.
On the left we see the average and peak traces merging when the BFO signal falls into the noise. On the right we can see the peak and average records tracking one another when the BFO signal dominates.
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Figure A2        Comparing Peak and Average Watch List Records
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