Postscript to Quad RTL SDR Receiver1
RTL SDR Phase Drift

The phase drift noted in Figure 11 of  'Quad RTL SDR Receiver1' and corrected by software vector rotation in Figure 12 has been identified  as due to the automatic 'dithering' intrinsic to the basic Osmocom sdr_rtl data acquisition software. Marcus Leech2 identified this feature and pointed to an experimental fork at https://github.com/keenerd/rtl-sdr.git/ which allowed the dithering feature to be switched off (command -N).

rtl_sdr2 has been re-compiled as rtl_sdr22r with the results shown in Figure 1 below.
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Figure 1.  Phase Tracking of 4 RTLs over 33mins

This shows that the channel phase differences are constant and track exceptionally well over a timescale, in this instance of 33minutes with no phase drift evident. There are still fixed offsets and was investigated further by examining the channel spectral amplitude and phase difference.  
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Figure 2.  Amplitude and Phase Difference Spectra (±1.024MHz) of Raw Noise Data

Figure 2 shows that the channel 1 amplitude spectrum (derived after applying an FFT on an initial data section) is as expected  with typical RTL amplitude response, but that the channel-to-channel  phase difference data has various slopes as a function of frequency. This implies that channel data are sampled at the same clock frequency but at slightly different times. By accurately measuring the slopes (dφ/df) of the central section (avoiding the band edge phase distortion) using a running averager, the actual sample time delays can be calculated from 
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. Once calculated, the spectra phases can be levelled (using the vector rotation method of Reference 1); results shown in Figure 3) and delay-corrected data generated from the inverse FFT (results in Figure 4).
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Figure 3.  Delay-corrected Phase Difference Spectrum

The calculated clock delays, referenced to channel 1 are, 


channel 1-2 = -24.12ns, 


channel 1-3 = -17.17ns, 


channel 1-4 = 142.84ns.

With these clock delay values, the band-centre fixed phase offset will include many 2π rotations, but only the fractional remainder contributes to the fixed offsets observed. There is also the actual channel RF insertion phase, but in any case, the fixed offsets are easily calibrated out.
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Figure 4.  Delay-corrected Phase Difference/Time Data

The final conclusion remains, the Quad RTL SDR receiver is eminently suitable for interferometry and beamforming.
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