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Outline

▶ Signal processing:
sub-sampling period time delay
estimate (correlation peak
fitting)

▶ Emitted code properties and
generic test setup: need for fine
synchronization

▶ Hardware drift of X310
receiver during warmup ⇒ ZMQ
communication

▶ Reception: post-processing

▶ SAW delay line simulator

Options
Title: Not titled yet
Output Language: Python
Generate Options: QT GUI

Variable
ID: samp_rate
Value: 5e6=5M
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Complex To IShort

Scale Factor: 32.767k
Vector Output: No
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QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: samp_rate=5M
Autoscale: No

out0
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async_msgs

command

UHD: USRP Source
Device Address: "ad...8.10.2"=add...68.10.2
Sync: Unknown PPS
Start Time (seconds): 5
Mb0: Clock Source: External
Mb0: Time Source: External
Mb0: Subdev Spec: A:0 B:0
Samp rate (Sps): samp_rate=5M
Ch0: Center Freq (Hz): 70e6=70M
Ch0: AGC: Default
Ch0: Gain Value: 6
Ch0: Antenna: A
Ch1: Center Freq (Hz): 70e6=70M
Ch1: AGC: Default
Ch1: Gain Value: 0
Ch1: Antenna: A

in

ZMQ PUB Sink
Address: tcp://127.0.0.1:5555
Timeout (msec): 100
Pass Tags: No
Filter Key:
Connection: Bind

in

File Sink
File: /data/fichier.bin
Unbuffered: Off
Append file: Overwrite



Requirement: sub-sampling period time delay estimate
TWSTFT through a geostationary satellite:

▶ allocated bandwidth: 5 MHz

▶ sampling period matching allocated
bandwidth: 200 ns

▶ targeted resolution and stability: 200 ps

▶ need to gain 1000-fold between resolution and
sampling period !

Solution: cross-correlation peak fitting, improving
timing resolution over the sampling period with a
factor equal to the signal to noise ratio

▶ sampling at 5 MS/s the 5 MHz channel
requires interpolating (Fourier domain
0-padding) to avoid peak fitting artefacts a

aJ.-M Friedt & al., Development of an opensource,
openhardware, software-defined radio platform for two-way
satellite time and frequency transfer, Joint EFTF/IFCS,
Toyama, Japan (2023)
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M=65536; N=17; P=10;
x=rand (65536 ,1);x=x-mean(x);
x=conv(x,ones(N,1)/N);
x1=x(1:P:end); x2=x(6:P:end);
s=xcorr(x1,x2); plot(s);
[~,m]=max(s); [a,b]= polyfit ([-1:1],s([m-1:m+1]) ,2);
u=linspace (-1,1,1000);y=polyval(a,u);
hold on;plot(m+u,y);xlim([M/P-10 M/P+10])



SDR emitter
▶ Generic pseudo-random code generator with tunable code length and modulation scheme (BPSK,

QPSK with two-state GPIO output at the moment ⇒ phase modulations)

▶ Input-output 1-PPS signals (for calibration)

▶ TWSTFT: digital processing time delay is cancelled assuming the same algorithm is used on both sides

▶ Need to finely synchronize emission time: satellite moving at ≤5 ns/s and δτ ≤ 200 ps ⇒ emit
within 0.2/5 = 40 ms ⇒ active probing of NTP time and trigger emission on next PPS
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https://github.com/oscimp/amaranth_twstft Black=SATRE modem ; blue=SAW filtered FPGA output
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SDR receiver

▶ Record signal during the UTC odd hour: test
measurement schedule, beginning and end of
hour, for 5 min

▶ post-process recorded signal during the UTC
even hour

▶ aims at hardware agnostic solution, but at
the moment using Ettus Research X310 with
BasicRX daughter boards on both ends
▶ problem of fine delay drift at warmup

(cancelled when using the same hardware on
both ends) ⇒ keep acquisition (FPGA +
ADC) running, streaming data only recorded
during sessions (UDP/ZeroMQ
Publish-Subscribe) 0 50 100 150 200 250 300
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SDR receiver

▶ Record signal during the UTC odd hour: test
measurement schedule, beginning and end of
hour, for 5 min

▶ post-process recorded signal during the UTC
even hour

▶ aims at hardware agnostic solution, but at
the moment using Ettus Research X310 with
BasicRX daughter boards on both ends
▶ problem of fine delay drift at warmup

(cancelled when using the same hardware on
both ends) ⇒ keep acquisition (FPGA +
ADC) running, streaming data only recorded
during sessions (UDP/ZeroMQ
Publish-Subscribe)

▶ tune input power despite recorded samples
not clipping



SDR receiver
▶ Record signal during the UTC odd hour: test

measurement schedule, beginning and end of
hour, for 5 min

▶ post-process recorded signal during the UTC
even hour

▶ aims at hardware agnostic solution, but at
the moment using Ettus Research X310 with
BasicRX daughter boards on both ends
▶ problem of fine delay drift at warmup

(cancelled when using the same hardware on
both ends) ⇒ keep acquisition (FPGA +
ADC) running, streaming data only recorded
during sessions (UDP/ZeroMQ
Publish-Subscribe)

▶ tune input power despite recorded samples
not clipping

▶ time delay standard deviation as a function of
input power
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Reception: post-processing

▶ Record signal at 5 MS/s, 16 bit/sample, 2 channels (loopback and downlink), IQ
⇒ 5 · 106 × 2× 2× 2 = 40 MB/s= 13.2 GB in 5.5 minutes or 144 GB/hour

▶ At the moment: only code
acquisition with polynomial fit, no
DLL/PLL

▶ BPSK modulated payload (NTP
second) not decoded

▶ SNR → C/N0 from aligned code
power v.s background noise density
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Satellite simulator
▶ Doppler shift readily tested by shifting receiver local oscillator with respect to emitter local oscillator

▶ Continuous time delay in the ns/s range: analog Surface Acoustic Wave (SAW) delay line

▶ 70 MHz center frequency, 5 MHz bandwidth

▶ high temperature sensitivity on YXl/128◦ lithium niobate

▶ acoustic velocity of 3979 m/s for a time delay of 5.3 µs for a 21.3 mm-long delay line

▶ 100 K temperature variation leads to a group delay variation of 37 ns/100 K considering the 70 ppm/K
temperature sensitivity of YXl/128◦ LNO ⇒ only 1/6th of sampling period at 5 MS/s (or 1/2 after
interpolating by 3)
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Satellite simulator
▶ Doppler shift readily tested by shifting receiver local oscillator with respect to emitter local oscillator

▶ Continuous time delay in the ns/s range: analog Surface Acoustic Wave (SAW) delay line

▶ 70 MHz center frequency, 5 MHz bandwidth

▶ high temperature sensitivity on YXl/128◦ lithium niobate

▶ acoustic velocity of 3979 m/s for a time delay of 5.3 µs for a 21.3 mm-long delay line

▶ 100 K temperature variation leads to a group delay variation of 37 ns/100 K considering the 70 ppm/K
temperature sensitivity of YXl/128◦ LNO ⇒ only 1/6th of sampling period at 5 MS/s (or 1/2 after
interpolating by 3)
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Conclusion
▶ Assembled a complete testbed (hardware and software) for developing TWSTFT systems
▶ Demonstrated a functional link for 3 weeks with performance comparable to SATRE modem
▶ Open for further development (modulation scheme: QPSK, BOC? payload?)

https:

//github.com/oscimp/amaranth_twstft

TODO:

▶ stabilize the system and demonstrate longer
sessions

▶ complement code acquisition with tracking

▶ time calibration (PPS propagation delays)

▶ get rid of the commercial VSAT upconverter
and downconverter (full SDR up to
microwaves)
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