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Modern software defined radio remote sensing architecture
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Software defined radio



Undersampling, Nyquist zones



Polyphase filterbank



Polyphase filterbank



Examples of systems: JARS



Examples of systems: GURSIP (≈ 1995)



Examples of systems: USRP



Examples of systems: LOFAR polyphase filterbank chained
beamformer



Examples of systems: RAPID (Lind et.al., 2014)



Examples of systems: RTLSDR ($8 digital receiver)



Low level software
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Gnuradio

I Flowgraph based framework for signal processing (like
Labview from National Instruments)

I Implemented in C++ and Python

I Stable and extensible

I Supports different hardware



Gnuradio Flowgraph Example



Gnuradio Flowgraph Screenshot



Gnuradio example: transmit waveform

# gnuradio flowgraph

tb = gr.top_block()

# usrp sink (signal generator)

sink = uhd.usrp_sink(device_addr=dev_str,

channels=range(1))

sink.set_start_time(start_time)

sink.set_samp_rate(op.sample_rate)

sink.set_center_freq(iono_frequencies[0], 0)

code_vector = numpy.fromfile(codefile,

dtype=numpy.complex64)

code_vector.tolist()

code_source = gr.blocks.vector_source_c(code_vector,True)

tb.connect(code_source, sink)

tb.start()



Gnuradio example: transmit waveform

# open usrp receiver channel

u = uhd.usrp_source(device_addr)

u.set_samp_rate(op.sample_rate)

u.set_center_freq(op.center_freq, 0)

u.set_gain(op.gain)

# gnuradio flowgraph

fg = gr.top_block()

# boxcar low pass filter

lpf = gr.integrate_cc(op.dec)

# write samples to disk

filesink = juha.filesink(dir_name, gr.sizeof_gr_complex,

int(op.filesize))

# cable up flowgraph

fg.connect(u, lpf, filesink)

fg.start()



High level software
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Read interface (Digital RF)

z = d.read_vector(t_0, length, channel_name)

channel_name

http://openradar.org/projects/digital_rf

t_0 = global sample index, relative to a certain epoch. 
          e.g., samples since 1970-01-01 00:00:00.0

experiment_name-{timestamp}/channel_name/2014-03-30T12:35:29/rf@1396379502.000.h5



Digital RF example: simple plasma line spectrum

for j in range(n_int):

# read tx pulse

tx = n.conjugate(d.read_vector(i0 + ipp_idx*ipp_len,

code_len, tx_chan))

# read echo

echo = d.read_vector(g, i0 + ipp_idx*ipp_len,

ipp_len, rx_chan)

# multiply transmit pulse with echo and take an fft.

for k in range(n_ranges):

gated_echo = echo[idx+int(ranges[k])]

F = n.fft.fft(tx*gated_echo)))

spec[:,k] += n.abs(n.fft.fftshift(F)

ipp_idx += 1



Examples: Incoherent scatter receiver



Examples of systems: IRIS radar (Illinois group)



Examples of systems: IRIS radar (Illinois group)



Examples of systems: CIRI (Penn State group)



Examples of systems: CIRI (Penn State group)



KAIRA, a LOFAR radio telescope gone geophysical
(Vierinen et.al. 2014)



KAIRA, a LOFAR radio telescope gone geophysical (photo:
Arttu Jutila)



KAIRA, multistatic ISR (Virtanen et.al. in prep.)



KAIRA: Wide band imaging riometer



KAIRA: Wide band riometer (Kero et.al., in prep)



Wide band riometer (Kero et.al., in prep)



Passive radar



Passive radar (Lind et.al., 2014)



Passive radar with RTLSDR



Passive radar with RTLSDR



Wide band USRP riometer



Wide band USRP riometer



Wide band USRP riometer



150/400 MHz beacon satellite receiver (Yamamoto 2008)



150/400 MHz Ionospheric tomography receiver (Vierinen
et.al., 2014)



150/400 MHz Ionospheric tomography receiver (Vierinen
et.al., 2014)



150/400 MHz Ionospheric tomography receiver (Vierinen
et.al., 2014)



150/400 MHz beacon satellite receiver (Vierinen et.al.,
2014)



150/400 MHz Ionospheric tomography receiver (Norberg
et.al., 2014)



EISCAT HF Heater (600 MW ERP)



EISCAT HF Heater, Artificial Periodic Irregularity (API)
experiment, (Belikovich et.al., 2002)



EISCAT HF Heater, API experiment



EISCAT HF Heater (600 MW ERP)



EISCAT HF Heater, API experiment



EISCAT HF Heater, API experiment (Vierinen et.al., 2014)



GNU Chirp Sounder



GNU Chirp Sounder



GNU Chirp Sounder


