Software hands-on training kit: What software do | need for my SDR?

Instructions for Hands-on Examples

IThe numbering of these chapters corresponds to the ones in the .ppt presentation. E.g. “1. [I0
Oscilloscope” has the same number here as in the .ppt presentation.

! Most of the commands that are required to be run in the terminal are also within
terminal_commands.txt file from Desktop.

Note: “#" -> comment; “S” -> command, don’t type “S” in terminal

1. 110 Oscilloscope

1.1. Connect Rx1and Tx1using the SMA cable from the kit by making a loopback between them as
depicted in the picture below:

1.2. Make sure the back panel “STAT” blue LED is blinking. This shows that the boot stage is successful
(see picture below). If the LEDs are red, it means that the board is in shut down mode (to start it, press
the pushbutton once and wait for a blinking pattern).
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1.3. Open 110 Oscilloscope: open the terminal from the top bar icon, type “osc” init (as in the picture
below) and press enter. Wait a few seconds for the 110 Oscilloscope app to open.
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1.4. To connect with the board, make sure first the Ethernet cable is connected between Jupiter SDR
and the Raspberry Pi Keyboard. To connect Jupiter to the 110 Oscilloscope app, go to:

“Settings” ->"Connect” and type “ip:jupiter.local” in the “Manual” section, press “Refresh” and then
“Connect”(see picture below).
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1.5. Use DDS On loopback: We will transmit a 80KHz tone on top of the Tx LO and receive it on the Rx
path. First, select "ADRV9002" pane from the top bar. Scroll down until you see the settings shown in

the below images in “ADRV9002" pane.
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1.6. Make sure the Tx1L0 and Rx1L0 have the same frequency (see pictures below).
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1.7. Scroll down until you see the DDS settings. If you change the DDS to another frequency, make sure
it is within IMHz BW (fdds =(-500KHz, 500KHz)).
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1.8. Open and start the Plot: Go to “File” ->“New Plot".
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1.9. On the channels window, check both “voltage0_i" and “voltage0_q" from "axi-adrv9002-rx-Ipc”.
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1.10. To start capturing data, press the arrow button from the top bar (above plots). A red dot should
appearinits place as in the below picture.
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1.11. If you want to switch between Time and Frequency domain, you can change the Plot Type. Stop
the plot before you want to switch to Frequency Domain (see below picture).
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1.12. To see peak markers on the Frequency domain, right click on the plot and select “Show Markers”.

e Edit View

lot Channels Enable Al

=]

Plot Type

FFT Size:

ANALOG
DEVICES I R

1.13. Tweak Tx Attenuation and observe the change in the plot: Decrease or increase the attenuation
for Tx1and observe the change on the FFT Plot. The range for TX is -41dB to 0dB (see picture below).
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1.14. (for future use) If you see an image of the complex sinusoid or if spurs appear in the domain when
you switch the LO to a higher frequency, press the calibration button from 110 Oscilloscope (shown
below).

!
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ADRV9002 Receive Chain

1.15. Close 110 Oscilloscope and Reboot Jupiter:
Method 1:
Open the terminal and run the following commands:
S ssh root@jupiter.local
# press Enter and enter “analog” as password
Sreboot

# press Enter

Method 2:
Press once the push-button on the back of the Jupiter
Wait for the LEDs to turn red
Press once more the push-button to boot again

Wait for the STAT LED to blink again (blue color)



2. Transmit and receive a complex sinusoid with GNU Radio

2.1. Connect Rx1and Tx1using the SMA cable from the kit by making a loopback (as shown below).

2.2. To open GNU Radio companion app, run the following commands:
# Open the Terminal

$ cd /home/analog/Desktop

$ sudo ./start-grc.sh

# enter "analog” as password and press enter.

analog@analog: ~/Desktop v A X

2.3. Within GNU Radio companion app, open the following “.grc” flowgraph from “File” -> “Open":

/home/analog/Desktop/ftc_2024/1_sinewave_loopback_gnuradio/sinewave_loopback_jupiter.grc

2.4, To run the flowgraph press the arrow from the top bar inside the app as depicted in the following
picture:
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Config File: default
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Option: key
WriteBack: None

2.5. After you run the flowgraph, you can tweak the sliders to modify the frequency of the sinewave
transmitted, the gain on RX path and the attenuation on TX path.
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Note: To stop the running plot: click on the mouse wheel -> stop
To start again the plot: click on the mouse wheel -> start
To zoom on a plot: encircle with left click the area you want to zoom

To hide a trace on a plot: click on the label corresponding to that trace from the top right corner of the
plot.

2.8. Close the running flowgraph from the right corner of the window.



3. Transmit and receive a complex sinusoid with Python

3.1. For this example, use two SMA cables to make loopback between TX1->RX1and TX2 -> RX2 as
depicted below:

3.2. 0On, your desktop, open “ftc_2024" folder and then open “2_sinewave_loopback_python” folder. In
this folder, right click on “python_loopback_sine_jupiter.py” and click on “Thonny”. Thonny is an IDE
that can be used to edit and run python code.

3.3. Observe in the python code the following sections:

Createa Call tx() to transmit
Configure discrete R the created N CaII. () to N F’Iot.the
d I . *| receive thel *|  received
SDR complex sinusoid asland Q and 0 data . ”
sinusoid data SInusol

3.4. To run the “python_loopback_sine_jupiter.py” python script, click on the run button.

Thonny - /home/analog/Desktop/ftc_2024/2_sinewave_loopback_python/python_locpback_sine_jupiterpy @

New Load Out Stop Zoom Quit Suppart

python_loopback_sine_jupiter.py % |

1 dimport numpy as np

2 dimport adi

3 dimport matplotlib.pyplot as plt
4 import time
5

O oo~
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3.5. Close the generated plots after you analyzed them.
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3.6. In the Terminal, run the following commands in the terminal to change the current profile with a
61.44MHz Sample Rate profile:

# first connect to Jupiter with ssh:

S ssh root@jupiter.local

# enter "analog” as password

# copy the following command from terminal_commands.txt from Desktop and paste it using

# “ctrl+shift+v” in the terminal

$ cat /home/analog/workspace/jupiter_profiles/jupiter_61_44MHz_profile.json > /sys/bus/iio/devices/iio\:device1/profile_config
# exit ssh connection

S exit

#in"/home/analog/workspace/jupiter_profiles” are more “.json” profiles that you can try with

# different sampling rates

3.7. Run again “python_loopback_sine_jupiter.py” with Thonny IDE. You should see the same plots and
same frequencies as with the previous profile, but with more samples and a wider spectrum. You can
also see the changed frequency.

Note: It may take longer to run these plots with the new profile because more points are needed to be
plotted. Please be patient

3.8. Close the generated plots after you analyzed them.

3.9. Reboot Jupiter to reverse to the default profile required for the following examples.
Method 1:

# open terminal and run the following commands

S ssh root@jupiter.local

# enter "analog” as password

11



S reboot

Method 2:

Press once the push-button on the back of the Jupiter
Wait for the LEDs to turn red
Press once more the push-button to boot again

Wait for the blue “STAT” LED to blink to indicate a successful boot

12



4. How to explore and tweak device attributes

4.1. To see all devices, run the following command in the terminal (it is not required to connect with
ssh to Jupiter and run this command on the target):

Siio_attr -u ip:jupiter.local -d

analog@analog:

Most Important Devices used in
the examples presented in this

workshop

"adrv9002-phy’ -> contains most of the configuration attributes (hardwaregain, LO freq. etc.)
‘axi-adrv9002-rx-lpc” -> ADC on the RX1path
‘axi-adrv9002-rx2-Ipc’ -> ADC on the RX2 path
‘axi-adrv9002-tx-lpc” -> DAC on the TX1path
‘axi-adrv9002-tx2-Ipc’ -> DAC on the TX2 path

4.2. Run the‘iio_info’ command on the target to see all devices, all channels, and all attributes, but
first connect to the board with ssh:

$ ssh root@jupiter.local

# insert ‘analog’ as password

Siio_info

# use the following command to clear the terminal:
S clear

# to see channels and attributes for a specific device, e.g. for adrv9002-phy, run the following
command:

Siio_info|grep -A 1000 ‘adrv9002-phy’

# the above command displays 1000 lines after the line where the string ‘adrv9002-phy’is found in the
iio_info contents

4.3. Change hardware gain attribute of RX1to 5dB using libiio and the terminal.

Since “adrv9002-phy” contains most of the configuration attributes, first you need to look at this
device channels and attributes to find the exact channel name and channel attribute name you want
to find. To do that, run the following command:

13



$iio_info | grep -A 200 adrv9002-phy

automatic

# if you scroll up, you should find that the channel name is ‘voltage0’ and the attribute name is
‘hardwaregain’.

# to change the hardwaregain to 5 dB for RX1, run the following command in your terminal:

# Note: you can copy and paste with crl+c, ctrl + shift + v the following command from

# terminal_commands.txt from Desktop:

Siio_attr -c -i adrv9002-phy voltage0 hardwaregain 5

# after running this command, you can open iio-oscilloscope to see that the hardwaregain on RX1is
#nowb

# run the following command in the terminal to exit the ssh connection:

S exit

14



4. 4. After playing with changing attributes from terminal, reboot Jupiter:

Method 1:

Method 2:

15

# open terminal
$ ssh root@jupiter.local
# press Enter and enter "analog” as password

S reboot

File Edit Tabs Help

SOLUTELY

Press once the push-button on the back of the Jupiter
Wait for the LEDs to turn red
Press once more the push-button to boot again

Wait for the blue “STAT” LED to blink to indicate a successful boot




5. Doppler Radar with GNU Radio

5.1. For this example, connect one antenna to RX1and one to TX1on Jupiter female SMA ports as
depicted in the picture below

5.2. Open GNU Radio (if you closed it previously) by running the following commands in the terminal:
S cd /home/analog/Desktop

S sudo ./start-grc.sh

analog@analog: ~/Desktop v A X

5.3. In GNU Radio companion app, open “doppler_radar_jupiter.grc” from File -> Open:

/home/analog/Desktop/ftc_2024/3_doppler_radar_gnudio/

5.4. Run the flowgraph, plug the headphones and move your hand in front of the antennas. Due to
doppler effect, you should hear the movement of your hand into your headphones.
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Note: To stop the running plot: click on the mouse wheel -> stop
To start again the plot: click on the mouse wheel -> start
Tozoom on a plot: encircle with left click the area you want to zoom

To hide a trace on a plot: click on the label corresponding to that trace from the top right corner of the
plot.

5.5. Close the running flowgraphs after you finished analyzing them.
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6. Phase Shift Keying -BPSK in Python

B.1. For this example, connect Rx1and Tx1 using the SMA cable from the kit, making a loopback
between them (as shown below).

6.2. On, your desktop, open “ftc_2024" folder and then “4_bpsk_loopback_python” folder. Then, right
click on“bpsk_loopback_jupiter.py”and click on “Thonny”. Thonny is an IDE that can be used to edit
and run python code.

6.3. To run the “bpsk_loopback_jupiter.py” python script, click on the run button.

Thonny - /home/analog/Desktop/ftc_2024/2_sinewave_loopback_python/python_loopback_sine_jupiterpy @

> —
&
New Load Save Debug Over nto Out Stop Zoom Quit Support

python_loopback_sine_jupiter.py 3 |

import numpy as np

import adi

import matplotlib.pyplot as plt
import time

# ( f e SD

sdr = adi.adrv9002(uri="ip:jupiter.local”) # Create Radio

IOV UL WM

e
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B6.4. Observe how the data looks after each section of code, which corresponds to a block from the
diagram below. Observe that on the time plots, “1.” (Bits TX)and “9.” (Bits RX Decoded) are the same.
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B6.5. Close the generated plots after you finished analyzing them.
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7. Phase Shift Keying - QPSK in GNU Radio

7.1. For this example, connect Rx1and Tx1using the SMA cable from the kit, making a loopback
between them (as shown below).

7.2. In GNU Radio companion app, open from “File” -> “Open”:

/home/analog/Desktop/ftc_2024/5_qgpsk_loopback_gnuradio/gpsk_loopback_jupiter.grc

7.3. Run the flowgraph and observe that the pattern of symbols received is the same as the one
transmitted

Transmittad Symbols (Befora Constellation Modulator) Recaived Symbols

[E.
e Same pattern of symbols
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P P ) 5 M & P 5 5
e i o
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Il
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Time (ust
Transmitted Spectrum Received spectrum
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RX Spectrum after FLL block

T
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7.4. Close the running plots after you finished analyzing them.
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8. Phase shift Keying - Receive a message in GNU Radio

8.1. For this example, connect only one antenna to the RX1 of Jupiter as shown below. Wait for the
presenters to start the transmission.

" "

8.2. In GNU Radio companion app, open from “File” -> “Open” “console_message_receiver_jupiter.grc’

from:

“"fhome/analog/Desktop/ftc_2024/6_console_message_point_to_point_gnuradio/receiver_jupiter”

8.3. Run the flowgraph and observe the received message in the ‘msg_rx’ section:

'msg_rx': "ANALOG DEVICES INC FTC2024'

Observe that in this example, because the data is sent in bursts, the constellation is noisier because
the digital feedback loops are not locked at the beginning of each burst received.
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8.4. Close the running plots after you finished analyzing them.
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9. Phase shift Keying - Receive a message and store it in a file

9.1. For this example, connect only one antenna to the RX1 of Jupiter as shown below. Wait for the
presenters to start the transmission.

" "

9.2. In GNU Radio companion app, open from “File” -> “Open” “gpsk_receiver_txtfile_jupiter.grc”:

/home/analog/Desktop/ftc_2024/7_qpsk_point_to_point_txtfile_gnuradio/receiver_jupiter

9.3. Run the example for a few seconds and then stop it. After you stopped the flowgraph, open
“receive.txt” file from:

“"fhome/analog/Desktop/ftc_2024/7_qpsk_point_to_point_txtfile_gnuradio/receiver_jupiter”

You should see inside “receive.txt” multiple instances of the received message. You can delete that
file and run again the flowgraph.
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received txt - /home/analog/Desktop/fic_: _qgpsk_point_to_point_txtfile_gnuradio/receiver_jupitef

Sile Edit Search View Document Project Build Tools Help

= 3 P 7 P
G~-8-228 @ % %% -¥ M o
4 Symbols » README 3¢ terminal_commands.txt % README.txt % received.txt 3¢

48 ANALOG DEVICES INC. FTC2024
lo symbols found 41 ANALOG DEVIGES INC. FTC2024

42 ANALOG DEVICES INC. FTC2024

43 ANALOG DEVICES INC. FTC2024

44 ANALOG DEVICES INC. FTC2024

45 ANALOG DEVICES INC. FTC2024

46 ANALOG DEVICES INC. FTC2024

47 ANALOG DEVICES INC. FTC2024

48 ANALOG DEVICES INC. FTC2024

49 ANALOG DEVIGES INC. FTC2024

50 ANALOG DEVICES INC. FTC2024

51 ANALOG DEVICES INC. FTC2024

52 ANALOG DEVICES INC. FTC2024

53 ANALOG DEVICES INC. FTC2024

54 ANALOG DEVICES INC. FTC2024

55 ANALOG DEVICES INC. FTC2024

56 ANALOG DEVIGES INC. FTC2024

57 ANALOG DEVICES INC. FTC2024

58 ANALOG DEVICES INC. FTC2024

59 ANALOG DEVICES INC. FTC2024

ANALOG DEVICES INC. FTC2024

9.4. Close the running flowgraph and “receive.txt” file.
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10. Amplitude Shift Keying - GNU Radio Example

10.1. For this example, connect Rx1and Tx1using the SMA cable from the kit, making a loopback
between them (as shown below).

10.2. In GNU Radio companion app, open from “File” ->“Open”, “ASK_loopback_jupiter.grc” from:

“"/home/analog/Desktop/ftc_2024/8_ask_loopback_gnuradio”

10.3. Run the flowgraph and observe the four different amplitudes of the received signal
corresponding to the four symbols transmitted:

,H__‘Using this slider, you can offset the Tx signal
- i : relative to TX LO frequency

I A7 T T ] I a7 7 Mo

o P P P P P P

g
2
He

=~ TX symbols: 100 sps for each symbol
i = between(0, 1/3, 2/3, 1)

Time us)

|

Recelved Samples

Received spectrum Received constellation

= “|—p Observe on the RX constellation,
1 4 levels of amplitude

Relative Gain (d8)
EE o8 & 8

Y —— Y
@t oz

o0
Frequency (MHz)

o

R ETTTTTTITTTTTTITTP PR

[P oo 0 e

Only the magnitude of the RX signal
(on right > decimated)

Ampiltude

10.4. Close the running plots after you finished analyzing them.
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11. BPSK without additional processing

In the following examples you will see why so many DSP blocks are required for receiving digital
signals modulated with phase shift keying. All the DSP blocks required for synchronizing the received
signal were removed and one at a time will be added back in the following examples.

» Transmitter:

Configure | | acrrrzatc?f | :?r::anrapolst;\év;}c?iipos_in_ﬁ n cptd | | shift | | Calltx{)function
SOR bitys Psy ’ bit1 -1 Spectrum and transmit
7 N
» Receiver: N /. \\ yaaN /
Fin&{requenhcy Seldgt theslght .
Plot [ oraDGse k] samDCand kA e | cpéd || Callrx()function
data - frequpAcingffset toreceive data
agflistm cima
7 ~N 7 N 7 N N
MISSING

11.1. For this example, connect Rx1and Tx1 using the SMA cable from the kit, making a loopback
between them (as shown below).

11.2. In GNU Radio companion app, open from File -> Open “QPSK_raw_loopback_jupiter.grc”
flowgraph from:

“/home/analog/Desktop/ftc_2024/10_qpsk_raw_loopback_gnuradio”
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1.3.

Received Samples Raw

L L e N 1

Thms b - oty o

Raceived constallation

No frequency offset because the example
works on loopback and the LO is the same for RXand TX
but has a phase offset between the two paths.

Run the flowgraph and observe the following:

The spectrum is inefficiently used
(spectrum of square wave)

Try tweaking the frequency offset between TX and RX
and see how the data looks —> this happens when
we transmit and receive between two different devices.

11.4. Close the running plots after you finished analyzing them.
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12. QPSK - Constellation Modulator in GNU Radio

» Transmitter:

Configure Create Interpolate with 1B.sp__s_and Matched Shift Call tx() function

— array of [ Remap symbols: bit 0->-1 - -

SDR . . Filter Spectrum and transmit

bits bit1 ->1
» Receiver: N / \\ /. \\ /
Plot FindNegyehey SeldQ theAoht A e Matched Call rx() function
| and se [+ sam and [ . — -
data - frequgficingffset Filter toreceive data
agilistm cima
MISSING ADDED

12.1. For this example, connect Rx1and Tx1using the SMA cable from the kit, making a loopback
between them (as shown below).

12.2. In GNU Radio companion app, open from File -> Open
“constellation_modulator_loopback_jupiter.grc” flowgraph from:

“/home/analog/Desktop/ftc_2024/12_constellation_modulator_loopback_gnuradio”
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12.3. Run the flowgraph and observe that the spectrum is now optimized by adding matched filters at
TX and RX.

Transmitted samples

m.wmmwm A

|___——» The BWis optimized due to matched
Filters (one from Const. Modulator
block at TX and one at the RX.

nnnnn

NG

> The RX signal is not decimated
By selecting the right samples

12.4. Close the running plots after you finished analyzing them.
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13. QPSK- Frequency Locked Loop in GNU Radio

» Transmitter:

Configure | | Create | | nterpolate WEN1BSPSand | | vatche | | shift || Calltx) function
SDOR bitys psy ' bit1 -1 Filter Spectrum and transmit

» Receiver: N\ / \\ /
Fine{requency Seldgt thesAght . .
Plot |_ anddGse . k- sam and Adjust the I Ma‘_cched L | Call rx_()_funct|on
data . . frequency offset Filter toreceive data

agflistm cima
7 N 7 N

MISSING ADDED

13.1. Connect Rx1and Tx1using the SMA cable from the kit, making a loopback between them (as
shown below).

13.2. In GNU Radio companion app, open from File -> Open, “FLL_loopback_jupiter.grc” from:

“/home/analog/Desktop/ftc_2024/13_fll_loopback_gnuradio”
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13.3. Run the flowgraph and observe how the spectrum after FLL block stays centered around DC at
RX when you tweak the frequency offset slider:

Transmitted Samples.

E T

I“_:“ e R MR —1 —» Use this slider to tweak the frequency
ey R — offset between TX and RX.
. Observe how the spectrum after FLL

i Iw il I"r W\k W &\ ‘ : block stays centered around DC.
- \t Hl

ii

A more precise frequency offset
Correction still needs to be applied

e T
e {us)

ceived Constellation

........

13.4. Close the running plots after you finished analyzing them.
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14. QPSK - Symbol Sync in GNU Radio

14.1. Connect Rx1and Tx1using the SMA cable from the kit, making a loopback between them (as
shown below).

14.2. In GNU Radio companion app, open from File -> Open “symbol_sync_loopback_jupiter.grc”
flowgraph from:

“/home/analog/Desktop/ftc_2024/14_symbol_sync_loopback_gnuradio”

14.3. Run the flowgraph and observe how all the symbols have the same amplitude in the constellation
plot and observe that a remaining frequency and phase offset is still there because the FLL block
cannot correct these with a very high precision. This block also applies a matched filter at RX.

Transmitted Samples oo=o

8 T :;E q
- . p

Time st Frequancy (Mie]

i“%

tativn Gain

e m—— zzo....  Observe that now all the symbols have the same
‘_ — \|IH| - - ~ 77" amplitude on the constellation plot but the
i"ﬁ ' “W \ t il H ‘ I« M imaginary and real parts of the data are still varying
e l H ) ] ,‘I ﬂ r “ 5: due to a remaining frequency and phase offset.

RN
Raceived Comstataion (ATee Symbol Sync) Rx Re (After Symbol Sync) R I {After symbol Sync)

~ =
C AN

N~—

Quadratre

ST
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Amplitude

Amplitude
£ 5 £ =&

14.4. Close the running plots after you finished analyzing them.
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Average Timing Symbol Sync [Samples]

A,

mamEm -
Thoe (s}
Instantaneous Timing Symbol Sync [Samples]
u i
]
™ ] s "o

Time {us)

Error Signal Symbaol Syne [Samples]

g

: L R T e A L R Ve e

Time (us)

Here are plotted the main dynamic parameter
of the symbol sync block. Observe that the
timing stays around 16 = sps setting and

the error stays around 0.



15. QPSK - Costas Loop in GNU Radio

» Transmitter:

Configure Create Interpolate Wlth_ls SPS and Matched Shift Call tx() function
—| arrayof [ Remapsymbals: bit0->-1 [ . — — .
SDR . . Filter Spectrum and transmit
bits bit1 —>1
» Receiver:
Plot | Fine frequency Select the right Adjust the Matched Call rx() function
4 and phase [+ samplesand [« — . — .
data . . frequency offset Filter toreceive data
adjustment decimate
ADDED

15.1. Connect Rx1and Tx1using the SMA cable from the kit, making a loopback between them (as
shown below).

15.2. In GNU Radio companion app, open from File -> Open “costas_loop_loopback_jupiter.grc”
flowgraph from:

“/home/analog/Desktop/ftc_2024/15_costas_loop_loopback_gnuradio”
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15.3. Run the flowgraph and observe how now the phase offset and frequency offset are removed
completely.

Transmitted Samples i conn

BT

e s ol i ey ww. _ Observe how the symbols are now separated

A |

R as we wanted and the transitions in the Eye
Received Constellation ) Rx Re (After Costas Loop) 3 Rx Im (After Costas Loop)

Amplitude

M] ‘Ii\ J ‘l“hll'v § mm diagrams are less nosy.

6,

Here you can tweak the bandwidth of the Costas Loop and see how it influences the error signal and
the constellation plot. You can also add a phase shift in radians after Costas Loop.

|

00300
0000
CL Error Signal and Frequency Correction signal

006 . nsmmnehm«xycmmlvwwl

L oo i

100 200 300 400 500
Time (us)

CL Phase Correction Signal [rad]

/
Y
/
)
Z/
(t
K\
Y
—
J
4
(

Observe that the error signal is centered around 0 and the Phase Correction signal sits between 0 and 2*Pi.

15.4. Close the running plots after you finished analyzing them.
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