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Ex.2: Transmit and receive a complex sinusoid with
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Python
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Ex. 9: Phase Shift Keying - Receive a message and
storeitinafile

Ex. 10: Amplitude Shift Keying - GNU Radio Example

Ex. 11: BPSK without additional digital processing - GNU
Radio

Ex.12: QPSK - Constellation Modulator in GNU Radio
Ex.13: QPSK - Frequency Locked Loop in GNU Radio
Ex. 14: QPSK - Symbol Sync in GNU Radio - Hands On
OPSK - Costas Loop in GNU Radio

Other open-source software platforms

Conclusions
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Software hands-on training kit

Scope: a program aimed at providing application specific(e.g. Instrumentation, SDR, Process control & Factory
Automation, Connectivity,...) software trainings covering the relevant software technologies for that application.

Principle: anyone can get all the necessary hardware from analog.com, download the software from ADI’s github,
and access the training material on ADI's github documentation pages to do the training anywhere, anytime without
the need of custom hardware.

Available trainings: https://analogdevicesinc.github.io/documentation/learning/index.html
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Any signal chain to Any application on Any platform

Multi-platform device drivers and FPGA IP enable
interfacing any signal chain with any MCU/SoC on any 0OS

One common middleware enables any application to
work seamlessly with any signal chain on any compute
platform

ADI Software Strategy, Rob Oshana, 2023

5

« "Ourvision is to be a world-class software provider:

software is increasingly important to ADIl and our
customers”

“That begins by building a solid foundation: resilient &

secure supply chain, standard level of quality, consistent
enablement & tooling, integrated hardware/software

co-design, using open-source communities and partners”

©2024 Analog Devices, Inc. All Rights Reserved.

Any Application local/remote

\.

Middleware
ADI: libiio, pyadi-iio, MATLAB, ROS; Other: gstreamer, ...

-

Device drivers

—

Linux (1300+) Zephyr(10+) no-0S (300+)
Any APU Many MCUs Many MCUs || Any OS

\.

FPGA IP
70+ IPs, 100+ Ref designs, Vendors: Xilinx, Altera, Lattice

J
\
l
\

J

Any ADI signal chain

ADI has the most comprehensive and scalable
offering in the industry



SSG/CSE (Customer Solutions Enablement)

Product
enablement

Software
Infrastructure

SDR Process Control_ & Robotics Consumer
Factory automation
High-speed Precision Energy Healthcare
Instrumentation Instrumentation

Linux drivers no-OS drivers FPGA IP HW
(1300+) (300+) cores (70+) Reference
Designs
. MATLAB Python
RoS drivers device API device API el
JESD204 SPI Engine MATLAB QA
framework toolboxes framework
no-0S libllO pyadi-iio Kuiper Linux
Scopy iio-0sc
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Typical Customer Design Flow

Design Elaboration - Prototype Production

Research Algorithm

Development

«Behavioral +MATLAB/Python/G +Modeling «Deployment to «Deployment to
Simulation RC reference *MATLAB/Python/G development board custom hardware
«Device Evaluation implementation RC -Design optimization -Validation with
-Meassure: SFDR, -Hardware -Hardware «HDL Integration complete hardware
SNR, EVM, NF, streaming streaming «Driver Integration solution
NSD, etc. «Data type
conversion
\_ J \. J \_ J . J

PlutoSDR/JupiterSDR

Evaluation board FMC + FPGA Carrier of choice

Full Custom design using same HDL/SW/Infrastructure
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Software in the Design-in Journey

“ want to model and process data using ‘I want to target more representative hardware ‘I need to implement the software and/or
familiar tools.” and software configurations.” digital interface with my host MCU/FPGA”
- Modelling/Domain Expert - Embedded Software Engineer - Embedded Software & Digital HDL Engineers

‘I need to configure, capture and analyze data M N

as quickly and simply as possible.”
- Analog Engineer

tinyllOd

£ PyADI-IIO arm

PYTHON FOR ADI INDUSTRIAL 1/0 DEVICES ii ‘ @

MATLAB
¥ ADI-TRX TOOLBOX
¥ ADI-HSX TOOLBOX

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

=7

Evaluation & Research Data Capture, Prototyping Development & Production
Evaluation Board, Analysis, Algorithm Firmware Applications No-0S & Linux drivers & HDL

Software Model* Development & Linux Support
*Software Model is optional

FTC|Orlando, FL | November 4-8, 2024
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Evaluation, Test and Analysis

Analog Devices Analog Devices
Microwave Transceiver or
ADC/DAC

/ Windows / Linux / Mac Host \ Single cohesive

[ ]
O B software solution -
RE/ o N N R i o libllo
Microwave :: e ocal Server remote =
o uDEchs ¥

Digitizer 3%

meeting customers
r—= 9

HDL Interface y

“ OsciIII(IJL;cope . .
_ ) in their ecosystem

Programmable Logic

ST ndowst/sckon or at their tools of

Analog Devices Analog Devices
Microwave Transceiver or
ADC/DAC

e -
- —_— ; o
= =
D choice
DEVICES v — »
oo " " li
. i ibllO 3
RF / i - =4 v o TCP/IP p— o
Microwave :3 ernel Drivers | Server
.e ANALOG . J
+« VRN 9 L DEVH ICES . 4 |
o :

Digitizer 33 mdever Analysi‘s | c:::.a J. Evaluation D PrOduct Evaluation
QO Using Hardware & Software
Components to confirm that

(el the Converter meets the
— Application needs
e EEE O Time is(very roughiy)
i - % | i proportional to complexity

t T and how application specific

& J it needs to be
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Algorithmic Development, Modeling, Prototyping

Analog Devices
Microwave

EANALOG
DEVICES = .

Microwave ::

Analog Devices
Transceiver or
ADC/DAC

.l Transciever

HDL Interface

Programmable Logic

-

Windows / Linux / Mac Host

GRC Flowgraph

~

&GNURadio

J

Analog Devices
Microwave

u ANALOG

DEVICES s
RF/

Microwave

Analog Devices
Transceiver or
ADC/DAC

DEVICES [s»

.l Transciever

HDL Interface

Programmable Logic

=

Windows / Linux / Mac Host

Analog Devices
Microwave

Microwave

J

Analog Devices
Transceiver or
ADC/DAC

u ANALOG
DEVICES [s&

Digitizer
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Transciever
HDL Interface

Programmable Logic

MATLAB
SIMULINK

Single cohesive
software solution -
meeting customers
in their ecosystem
or at their tools of

choice

O Product Prototyping

O Plug'n’Play hardware and
software, see the key
features/performance of the
part

O Configure, Capture signals or
Generate waveformsin 10-15
minutes

FTC|Orlando, FL | November 4-8, 2024
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Building Blocks for development and new revenue streams

% " e

4 ‘, [
1 1
: Evaluation/Prototyping i | Options for different RF Applications
i 4 ™ : i
i H i
i Open Market Development ADI Evaluation boards ! i
! platforms (Daughter Boards) i i
i (Off the shelf carrier boards) 9 I ! A
P .
1

, . £ XILINX. L

. . Tl 1
] (intel = i < 5
i Variety of FMC Compatible Boards I = I B
i FMC Compatible Dev platforms MxFE, Navassa, Talise, Catalina, Madura 12 .
i i -g g e
i L S Q
: ( h : E ANALOG ‘
: p N\ - N - : D n Ll EvicEs 'L .........
I Open Source & Bare Metal wADI_JESDZO4 ; PyADl—_J”-_] i i E =
H Device level Drivers ADI JESD204 INTERFAGE FRAMEWORK JESD204 FRAMEWORK CONFIGURATOR i ' @ R
: \. J \_ ) i : 5 £
: (i ) ( ) ‘ @ i : g

» 1
H - :'I__, - HDL/FPGA ,m Matlab , h H : = R
'I.. -UP- ReferenceDesigns Toolbox Support | MATLAB - python ! i L >
111 Y, \_ J ! 1 |
. :  EpyADI-IO| |
e ) (oo ) meedemne | ] s e e
L )y 1 .

i &ADI‘KU'PER—UNUX r i i 2 Channel 2 Channel 4 Channel
i tINUX DEVICE DRIVERS FOR ADI PERIPHERALj ADI ||0-Scope E] i i Channel Sampling Speed
P ‘ )
\\ ,,I |\

SW, Infrastructure & Tools
\ 4

-----------------------------------------------------------
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Common Architecture Makes It Easy to Transition Between Platforms

Shares same software/HDL/hardware stack

= Makes it easy to move from one to the other

= Differentiated on form factor, number of channels,
ADALM-PLUTO connectivity, expandability, FPGA resources, CPU

- AD9363 resources
«Zynq°-7010

Start with ADALM-PLUTO
= Streamto MATLAB®, Simulink®, or GNU Radio via USB
= Take datainthe field

ADRVS009-ZUTIEG Jupiter = Validate your communication, radar, or SIGINT algorithms
- 2x ADRV9009 - ADRV9002 in MATLAB, Simulink, or GNU Radio

 £ynqMP-2UNIE " £ynqMP-ZUSE = Start moving to embedded signal processing
= Transitionto production-ready SOM
= Use custom chip-down design

Same tools, same libraries, same HDL
= Vivado, MATLAB, II0 work the same on all platforms
= Common HDL at github.com/analogdevicesinc/hdl

= Common Linux® kernel at
github.com/analogdevicesinc/linux

QUAD-MxFE Platform MxFE

« 4x AD9082/81 + ADS082/AD9081

+MCS +ZCU102, ZC706, VCK130,
«VCU118 VCU118, VCU128, etc.
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What is Kuiper

ADI Kuiper Linux is an open-source Linux Distribution based on Raspberry Pi 0S

It is the primary distribution for product evaluation boards and reference

designs
% It includes pre-built boot files, device drivers and a variety of
development utilities
E“‘J The first release was published at the beginning of 2021
{é} Supports over 120 FPGA-based p(:ojgcts and over 25 Raspberry Pi-based
esigns

1 Analog Devices Confidential Information—Not for External Distribution. ©2024 Analog Devices, Inc. All Rights Reserved. FTC|Orlando, FL | November 4-8, 2024
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SDR Hardware
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What is SDR (Software Defined Radio)?

Reconfigurable, multipurpose radio:

Reconfigurable

0°/90° Phase PLL/
splitter VCo

Software

LMNA

ZerO'IF ® @

. . (Not SDR)
Optimized only for a few applications (Super Heterodyne):

Preselector LNA BPF Mixer BPF IF Amp BPF Mixer BPF DSA  ADC Driver ADC Digital Filter

15 Analog Devices Confidential Information—Not for External Distribution. ©2024 Analog Devices, Inc. All Rights Reserved. FTC|Orlando, FL | November 4-8, 2024
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What is SDR (Software Defined Radio)?

Designs are complex
« Multiple skillsets

Multiple technologies
Radio Developer needs
Fast prototyping

VIVADO?*

« Completereference designs SoC
antenna to MATLAB Softwa re Assembly @
Streaming . . |
Targeting Englneerlng j&\.‘/ B
« Easytouse prototyping platforms CuarrEe
« Complete workflows - easy to use toolchains S‘/”UPSVS

« Pathto production Silicon to Software’

* Reduced system complexity
» Hardware

« Software o
Mechani DSP Digital
. echanics .
- Reduced risk ‘ @ Algorithms Hardware AIERAN
Ease of use sometimes beats performance o partof el

& XILINX.

« Many decisions are made by the system engineerin the
prototyping stage

2N-1

Communications theory s«m-g5 3 piaecmey,

16 Analog Devices Confidential Information—Not for External Distribution. ©2024 Analog Devices, Inc. All Rights Reserved. FTC|Orlando, FL | November 4-8, 2024
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Hardware

ADALM-PLUTO

~2308

Main Specs:

- 2x Tx and 2x Rx ports 50 Ohm

- LO Freq. Range: 70MHz -> 6GHz
- BW : 56MHz

- Sample rate: 61.44MSPS; 14 bits

ANALOG
DEVICES

AD-JUPITER-EBZ

Main Specs:

-2x Tx and 2x Rx ports 50 Ohm
-LO Freq. Range: 30MHz -> 6GHz
-BW : 40MHz

- Sample rate: 61.44MSPS; 16 bits
- Interfaces: USBJ3, 1Gb Ethernet,

\_- Interfaces: USB2, UART )

\ Display Port, UART

ADRV9009 SOM

~8955$

Main Specs:

- 4x Tx and 4x Rx (expandable to 8
TRx)

-LO Freq. Range: 75MHz -> 6GHz
-RXBW: 200MHz, TX BW: 450MHz

- Interfaces: USB3, 1Gb Ethernet,
Display Port, PCle 3.0 ,SFP, QSFP,
UART

)

17 Analog Devices Confidential Information—Not for External Distribution. ©2024 Analog Devices, Inc. All Rights Reserved.
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AD-JUPITER-EBZ

Digitizer
« ADRV9002 RF transceiver

« 2RX,2TX(AandB)

« Frequencyrange 30 MHzto 6 GHz

« 12KHzto 40 MHz BW

« 61.44 MSps maximum sampling rate
Internal/External Cock selection
External MCS (multi chip synchronization)
RF calibration switches
« Customizable RF front end (B channels)
Processing
« ZynqUltraScale+ MPSoC XCZU3EG
- DDR4-16Gb(2GB)
« Bootsource

« FLASH memory 512Mb
- SDCARD3.0

Interfaces
« USB3.1Gen1(Type C)
« Ethernet T000BASE-T RGMII
« Display Port v1.2(1080p)
« SATA3
« 16 LVTTL GPIOs

ANALOG
DEVICES

Ethe ETH PHY
R ADIN1300 e £ [ 3 ey DDR4 ITAG
CLK Gen 2GB
AD9542
SATA
‘ MGTH_Rii
DP _THi— THaa
M LI AGMO *
TR_Tiz—4 lesr 0090, Bl prpeee;
— H— e RXZA
GPIO 82 V3 LVT -‘ _ " ——
XCZU3EG T ADReoo2 | mere
1SFVAB25E - — RX1A
0 3 et I
R
3 i TH1A
— EXTLO
CLK FANOUT
ADCLKSS MUX ]IE:-E‘I_CLI{
MICS FANOUT
ADCLKS25 NCS
: FLASH
micro 5D TSP 64 MB
micro
FT. -
USB 230X0
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SW and HDL Architecture

ANALOG
DEVICES

DMA
Subsystem

CLK
Subsystem

Software 110 Subsystem
Kernel ; 7y
5PI0 ADRV9001-PHY AXI-ADC AXI-DAC-DDS
Subsystem 110 Driver RX TX
| | Transport Layer | | Transport Layer
CRERR) 110 Driver 110 Driver
SPI (axi-adrv9002-rx-Ipc) (axi-adrv9002-tx-Ipc)
Subsystem |——
PS8 PS8 I DMA I 2
SPI GPIO
FPGA SPI GPIO AXI-ADRV9001HDL Core
______________________________________________________________ wos |
Hardware ADRV9002

19 Analog Devices Confidential Information—Not for External Distribution. ©2024 Analog Devices, Inc. All Rights Reserved.
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1. 110 Oscilloscope

Transmit and receive a complex sinusoid using the DDS on loopback

22 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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1. 110 Oscilloscope

» 1. Open lI0 Oscilloscope: Open the terminal from the top baricon, type “osc” in it and press enter
> K

[analog]

[;_ I analog@analog: ~

B> ADI-KUIPER-LINUX

LINUX DEVICE DRIVERS FOR ADI PERIPHERALS

File Edit Tabs Help

» 2. Connect to board: Go to Settings -> Connect and type “ip:jupiter.local” on the “Manual” section
g ~ I e o

o

23 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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1. 110 Oscilloscope

» 3. Use DDS On loopback: We will transmit a 79KHz tone on top of the Tx LO and receive it on the Rx Path. Make sure
the TxLO and Rx LO have the same frequency. = -

Help
pebug =y | aoRveooz o | omm oy

Controls Block Diagram

Device Driver API
68.10.1
i Gain Control: | spi - Interface Gain(dB): 0dB - Gain Control: | spi - Interf
«» FPGA Settings _
ENSM: | rf_enabled - Port Enable: | spi - ENSM:  rf_enabled -
Transmit / DDS Powerdown: | Enable Dynamic Adc Switch: [ Enable Powerdown: || Enable Dynami
axi-adr\rgm}z-tx-m{; BBDC Rejection: ¥ Enable BBDC Loop Gain (dB): | 0.0004882812500¢  — + BBDC Rejection: ¥ Enable BBDC Lg
™1 Local Oscillator (MHz)] 2400.000000 -+ Local Ost
DDS Mode: | One CW Tone Decimated Power (dB): 23.2500 RSSI(dB): 85.5720 Decimated Power (dB): 60.7500
Bandwidth (MHz): 1.0080 Sampling Rate (MSPS): 1.9200 Bandwidth (MHz): 1.0080 Sampling
Single Tone Tracking:  Quadrature FIC & AGC ¥ RFDC Tracking: W Quadrature FIC W AGC
Tone 1 « BBDC Rejection | |Quadrature Poly »BBDC Rejection | |Quadre
Freguency(MHz):} 0.079893 HD2 ¥ RSS HD2 “Rssl

Scale(dBFS). | -18dB

.~ ADRV9002 Transmit Chain

™1 X2
Phase(degrees): 90.000 Attenuation (dB) -10.00 = o5 Port Enable: | spi - Attenuation( dB) -10.00 = Por|
Attenuation Control: | spi - ENSM: | rf_enabled v Attenuation Control: | spi b
Local Oscillator (MHz): Powerdown: | |Enable Local Oscillator (MHz): | 2450.0000C | — + Po

Bandwidth (MHz): 1.0080 Sampling Rate (MSPS): 1.9200 Bandwidth (MHz): 1.0080 Sampling Rate
Tracking: || Quadrature Close Loop Gain Tracking: || Quadrature Close Loop
PA Correction Loopback Delay PA Correction Loopback Di

LO Leakage LO Leakage

.~ FPGA Settings
Transmit / DDS |Transmil /DDS
| axi-adrv9002-tx-lpc | axi-adrv9002-tx2-lpc
Reload Settings

24 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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1. 110 Oscilloscope

» 4.0penand start the Plot: Go to “File” ->“New Plot". On the channels window, check both “voltage0_i"and
“voltage0_q". If you want to switch between time and frequency domain, you can change the Plot Type. To see

peak markers on the Frequency domain, right click on the plot and select “Show Markers”.

%ot Channels Enable &

0O O
Plot Type
Plot Type I
I EFT Size
Windo
Gra ‘ I _. ;
o = ffset 000
arkers -
JF0:-26.19 dBFS @ 0.080 MHz
=) BN R R R =
o P2:-00 50 dBFS @ -0.002 MHz
ANALOG ANALOG
DEVICES DEVICES

» 5. Tweak Tx Attenuation and observe the change in the plot: Decrease or increase the attenuation for Tx1and
ADRV9002 Transmit Chain

X1
Attenuation (dB) -10.00 - +

observe the change on the FFT Plot. The range for TX is -41dB to 0dB.

25 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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1. 110 Oscilloscope

> 4. Reboot Jupiter: I All the instructions you need are also in the
» Method 1: “instructions_ftc2024.pdf" file on your desktop
» Open terminal

» Type “ssh root@jupiter.local’, press Enter and enter “analog” as password

» Type “reboot” in the terminal and press Enter
» Method 2:
» Pressonce the push-button on the back of the Jupiter

» Wait forthe LEDs to turnred

File Edit Tabs Help

nalog

» Press once more the push-button to boot again

26 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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1. 110 Oscilloscope

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

I All the instructions you need are also in the
“instructions_ftc2024.pdf" file on your desktop

» Make sure the back panel status blue led is blinking. This

shows that the boot stage is successful.

POE+30W
10/100/1000 €SATA

\

27 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.



2. Transmit and receilve a

complex sinusoid with
GNU Radio

28 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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2. Transmit and receive a complex sinusoid with GNU Radio

>GNURadio

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM

» What is GNU Radio?

» GNU Radio is a free & open-source software development toolkit that provides signal processing
blocks to implement software radios. It can be used with readily-available low-cost external RF
hardware to create software-defined radios, or without hardware in a simulation-like environment.
It is widely used in research, industry, academia, government, and hobbyist environments to

support both wireless communications research and real-world radio systems.

29 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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2. Transmit and receive a complex sinusoid with GNU Radio
What is a complex sinusoid?
» Real sinusoid: eI2Tft 4 o=J2Tft = ) cos(2mft) » Complex sinusoid(Constellation Plot):

» Complex sinusoid: e/2™t =Icos(27rft)I +jlsin(27tft)I 14 N A mRe
I(Inphase) Q(Quadrature phase) /

0 N
\ \ / Time
e : \ / \ /
v osl \ e . e
E 0; -1 S’ S

-1
E
Constellation Plot
Tmi(ms) 2] Alm
ﬂ" T ey 1.5]
o 05 *Im complex: simscid
Real -
. . i 7 1 ~
Sinusoid | § |
} 11 4 . . . . = . . . .ﬂ : . . . . - . . . . " 0.5
A == — 0 Re
S |8
» \ "_:-50
|8 -0.51
Complex g
Sinusoid L e G S R (N S— 1
-6.00 -4.00 -2.00 a.00 00 4.00 00
\ Frequency (kHz)
. s ™ =T S '1.5’
z
e -50
3 -2,
. | & o0 -2 1.5 1 0.5 0 0.5 1 1.5 2
‘i-ls
20 0,00 ) .00
Frequency (kHz)
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2. Transmit and receive a complex sinusoid with GNU Radio

31

Transmitter

I QT GUI Range
1D: sine_frequency
Label: Transmit...quency [Hz]
I Default Value: 10k
Start: -500k
I Stop: 500k
Step: 1

Signal Source
Sample Rate: 1.92M
Waveform: Sine
’E Frequency: 10k
Amplitude: 1
Offset: 0
Initial Phase {Radians): 0

QT GUI Time Sink
Name: Transmitted samples
Number of Points: 8.192k
Sample Rate: 1.92M

Autoscale: No

QT GUI Frequency Sink
Name: Transmitted Spectrum
FFT Size: 8192
Normalize Window Power: True
Center Frequency (Hz): 0
Bandwidth (Hz): 1.92M

[-1;1]

to

Float To Short

Scale: 32767k

[-(215-1); 215 +1]

Variable Variable
1ID: tx_lo_freg 1ID: lo_offset
Value: 2.26 Value: 0

QT GUI Range

1ID: hardwaregain_tx0
Label: Tx Attenuation [dBfs]
Default Value: 0

Start: -41

Jupiter Tx

I10 Device Sink
IO context URI: Jocal
~x-lpc

Scale: 2767%  |°Y] Device Name/ID: ax...
in0] PHY Device Name/ID: a...2-phy

Channels: voltageD, voltage1

inl| Buffersize: 32.768k
Float To Short et Interpolation: 1

Cyclic: False
Parameters:

IO Attribute Updater
hardwaregain
Value: 0 =
Interval (ms): 0
I10 Attribute Updater
il frequency -
-

II0 Attribute Sink
11O context URI: ip:....local
Device Name/ID: adrvo002-phy
Attribute Type: Channel
Channel Name: voltaged

Value: 2200000000
Interval (ms): 0

II0 Attribute Sink
II0 context URT: ip:....local
Device Name/ID: adrva002-phy
Attribute Type: Channel
Channel Name: altvoltage?

Receiver

Variable
1D: gain_control_mode._rxi
Value: spi

QT GUI Range
1ID: hardwaregain_rd
Label; Rx Gan [dBfs]
Default Value: 20

Variable | | Start 0
ID; n_lo_freq Stop: 4
Value: 236 s

110 context URL: ip:

Buffer size: 32,758k
Decimation: 1
Parameters:

110 Device Source
Joca
Device Name/ID: axi...nclpe  |2UE0
PHY Device Name/ID: a_ 2-phy
Channels; voltag...voltagell g

|

El
=]

110 Attribute Updater
Attribute: hardwaregain

Value: 20
Interval (ms): 0

110 Attribute Sink
110 context URL: ip:... local
Device Name/ ID: adrvs002-phy
Attribute Type: Channel
Channel Name: voltaged

Jupiter Rx

Short To Float
Scale: 32767k

Short To Float
Scale: 32767k

[-(215-1); 215 +1]to [-1;1]

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

QT GUI Time Sink
Name: Received Sarmples
Number of Points: 8192k
Sample Rate: 1.92M
Autoscale: No

QT GUI Frequency Sink
Name: Receved spectrum
FFT Size: 32768

Center Frequency (Hz): 0
Bandwidth (Hz): 1.92M

Normalize Window Power: True

QT GUI Constellation Sink
Name: Received consteliation
Number of Points: 1.024k
Autoscale; No
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2. Transmit and receive a complex sinusoid with GNU Radio

» Torunthe flowgraph press the arrow from the top bar inside the app as shown below.

n @ . E Eanalug@analogw![l.. oﬁb sinewave_loopback ...

File Edit View Run Tools Help

i v B v 4 X _f = e @ E® & @ & 3| J

1=

sinewave_loopback_jupiter.

Options

Title: sinewave...ack_jupiter T Variah.le Variable Config Variable
Output Language: Python 1D: samp_rate ID: buff_size 1D: jupiter_ip 1D: interval_update
Generate Options: OT GU| Value: 1.32M Value: 32.768k Default Value: ip:a...g.local Value: 0

Type: String

Config File: default

Section: main

Option: key

WriteBack: None
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2. Transmit and receive a complex sinusoid with GNU Radio

n @ ! !analoq@analog:—.fo. gnsinywavaJDophack_J gnsinewaveJoopbada_j @ TL 3
sinewave_loophac :_‘\Lpllll'r ~ 0 X

421 |2 I

| \J' d‘ ﬁf \fi ,,,,,,,,,,,,,

frequency of the Tx sinusoid

Tlma (us) 11||| e (us)

/ ull UJ'I | K Ui o

ccccccccccc

s RN

Transmitted Spectrum Received spectrum

nnnnn

T T T T T
. 0.000 0500 0.5 i) 0.500
Frequen MHz, Hz|
T Atenuation [GBfs] S, F— — e — P T oo |2
R Gain [dafs] 5 5 e 5 5 5 5 5 F . . . K T 200 [3
Received constellation
273 uDa=0
15
13
0.5
"

» Tweak these Sliders to change the

A
Y

gain on Rx and the attenuation on Tx

[]
In-phase
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2. Transmit and receive a complex sinusoid with GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:

S cd /home/analog/Desktop

S sudo ./start-grc.sh

analog@analog: ~/Desktop

File Edit Tabs Help

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/1_sinewave_loopback_gnuradio/sinewave_loopback_jupiter.grc
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3. Transmit and receive a
complex sinusoid with
Python
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3. Transmit and receive a complex sinusoid with Python

» What is PyADI-II0?

pevices | £ PyADI-II0

AHEAD OF WHAT'S POSSIBLE™ PYTHON FOR ADI INDUSTRIAL I/0 DEVICES

» PyADI-II0 is a python abstraction module for ADI hardware with II0 drivers to make them easier to
use. The libllO interface although extremely flexible can be cumbersome to use due to the amount
of boilerplate code required for even simple examples, especially when interfacing with buffers.
This module has custom interfaces classes for specific parts and development systems which can

generally, make them easier to understand and use. To get up and running with a device can be as

simple as a few lines of code.
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3. Transmit and receive a complex sinusoid with Python

» What does this code do?

Create a Call tx() to transmit
. ) 3 Callrx() to Plot the
Configure | discrete the created . : . :
— . . *| receivethel >l received
SDR complex sinusoidas land Q : :
. : and Q data sinusoid
sinusoid data
» What happens in the hardware? Amplitude
Receiver

Transmitter

Amplitude Amplitude
A | Freguency 5 LPF | A
916MHz + 20KHz
*

|
cos(915MHZ*) iy S B cos(915MHz*t)
P -

-sin(915MHz*t)

| >
Frequency -sin(918MHz"t) 4 Frequency
20KHz 20KAz >
0 —>(X)— LPF ——>0

37 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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3. Transmit and receive a complex sinusoid with Python

Configure
SDR

Createa
discrete
complex
sinusoid

import numpy as np

import adi

import matplotlib.pyplot as plt
import time

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

frequency txl = 15000

frequency tx2 frequency txl * 5

num_periods_tx1l = 50

num periods tx2 = num periocds txl * 5
1i = 2**+]4 3 <

1/ center freq tx2 rx2 = 3200000000
S0 sample rate IXI = sar.LX® sample rat

8

38

center_freq_tx1_rx1 = 2200000000

sample_rate tx2 = sdr.txl sample rate
print(“sample rate ch Txl: *, sample rate txl)
print("sample rate ch Tx2: ", sample_rate_tx2)
sample_rate rxl = sdr.rx® sample rate
sample rate rx2 = sdr.rxl sample rate
print("sample rate ch Rxl: ", sample_rate_rxl)
print("sample rate ch Rx2: ", sample_rate rx2)

num_samps txl = int((num periods txl*sample rate rxl)/freguency txl)
num_samps_tx2 = int((num_periods tx2*sample_rate_rxl)/frequency_ txl)

num_samps_rxl = num_samps_tx1l
num_samps_rx2 = num_samps_ tx1

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All

Change LO frequency for
Tx1, Rx1, Tx2, Rx2

rights reserved.

Call tx() to transmit
the created

Call rx() to

ANALOG
DEVICES

Plot the

» M » .
: : *| receive thel > received
sinusoid as land Q . :
and Q data sinusoid
data

30
31
32 sdr.rx_ensm_mode chan® = "rf enabled"”
23 sdr.tx _hardwaregain chan® = 0
24 sdr.rx_hardwaregain_chan@ = 15
35 sdr.tx_cyclic buffer = True
6 sdr._tx buffer_size = num_samps_txl
37 sdr.rx_buffer size = num_samps_rx1
‘0 sdr.tx® lo = center freq tx1l rxl
29 sdr.rx® lo = center freq txl rxl
[:10]
41
42 sdr.rx_ensm_mode chanl = "rf enabled"”

s 43 sdr.tx_hardwaregain chanl = 0
44 sdr.rx_hardwaregain chanl = 15
45 sdr.tx2_cyclic_buffer = True
46 sdr._tx2 buffer_size = num_samps_tx2
1/ sdr.rx2 buffer_size = num_samps_rx2
48 sdr.txl lo = center_freq tx2 rx2
49 sdr.rxl lo = center freq tx2 rx2

Other Settings
for Rx1and Tx1

Other Settings
for Rx2 and Tx2



3. Transmit and receive a complex sinusoid with Python

Configure
SDR

Createa
discrete
complex
sinusoid

Call tx() to transmit

the created
sinusoidaslandQ
data

\4

Call rx() to
receive the |
and Q data

7 tl = np.arange(num_samps_tx1l) / sample_rate_txl

59 phase_shift = -np.pi/2

e/2™t = cos(2nft + @) + j sin(2nft + <p)< B tamtes < ompibeuge -

39

Amplitude

10000 A

—10000 A

(np.cos(2 * np.pi * frequency_txl * t1 + phase_shift) + lj*np.sin(2 * np.pi

312 = np.arange(num_samps_tx2) / sample rate_ tx2

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

Tx1 Tx2 time domain Tx1 Tx2 FFT Constellation Plot Tx1 Tx2
0 .
— Tx1 Spectrugn
= TX2 Spectr@ 10000
~100 =
| (Real) Tx1 %
0 Q (Imag) Txlg:_ 5 0 + Tx1 Constellation
I (Real) Tx2 B| _500 4 in.% Tx2 Constellation
Q (Imag) Tx2 3
==~-{10000 -
—300 A ‘5
T T T T T T T T T T T T
0 2 4 6 -1.0 —-0.5 0.0 0.5 1.0 —10000 0 10000
Time (seconds) le-5 Frequency [MHz] | (Real) Sample value

v

Plot the
received
sinusoid
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* frequency_txl * t1 + phase_sl

65 tx2_samples = amplitude * (np.cos(2 * np.pi * frequency tx2 * t2 + phase _shift) + 1j*np.sin(2 * np.pi * frequency tx2 * t2 + phase_sl



3. Transmit and receive a complex sinusoid with Python

Configure
SDR

Createa
discrete
complex
sinusoid

Call tx() to transmit
the created
sinusoid asland Q
data

v

Call rx() to
receive the |
and Q data

v

Plot the
received
sinusoid

» Using PyADI-IIO, only these functions you have to call to start transmitting:

40 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

122 sdr.tx(txl samples) +
123 sdr.tx2(tx2 samples) +
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3. Transmit and receive a complex sinusoid with Python

Configure

Create a
discrete

SDR

sdr.rx()
sdr.rx2()

rxl samples
rx2 samples

L
O

3 et b )
N = Qg

Pk ot ol b ot fd Ptk ke
(§ 0, T, W F, B S S SN SN S S S S S
W N D OO NOWUD & W <

LN

Lo o

w

41

sdr.tx_destroy buffer()
sdr.tx2 _destroy buffer()

t1

t2

if(frequency tx1l < frequency tx2):
plotted num samples time rx =
else:
plotted num_samples time rx =

axs[1,0]
axs[1l,0]
axs[1,0]
axs[1,0]
axs[1,0]
axs[1,0]
axs[1,0]
axs[1,0].
axs[1,0].set _ylabel('Amplitude')

.grid(True)
.legend()

complex

sinusoid

Call tx() to transmit
the created
sinusoid asland Q

data

Call rx() to

v

\4

receive the |
and Q data

np.arange(num_samps_rxl) / sample rate rxl

np.arange(num_samps rx2) / sample_rate rx2

int(num_samps_rx1/num_periods_tx1)

int(num_samps rx2/num_periods_ tx2)

.plot(tl[plotted num_samples time rx:plotted num_samples_time_ rx*2],
.plot(t2[plotted num samples time rx:plotted num samples time rx*2],
.plot(t2[plotted num samples time rx:plotted num samples time rx*2],

.set_title('Rxl Rx2 time domain')
set xlabel('Time (seconds)')

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

Amplitude

.plot(tl[plotted num samples time rx:plotted num samples time rx*2], ....

Only these two functions needs to be called in order to receive.

Plot the
received
sinusoid

5000 +

2500 +

—2500 A

—5000 A

Rx1 Rx2 time domain Rx1 Rx2 FFT
/Y\ _50 _
— I {Real) Rx1
—— | (Real) Rx1 n
1T — I1(Real) Rx2 8| —100
—— | (Real) Rx2
‘\W W 150 —— Rx1 Spectrum
—— Rx2 Spectrum

np.
np.
np.

T T
-0.5 0.0 0.5
Frequency [MHz]

T T T T
0.00008 0.00010 0.00012 -1.0

Time (seconds)

2500 A

5000 ~

Constellation Plot Rx1 Rx2

5000

2500 +
 Rx1 Constellation

= Rx2 Constellation

T T T T T
—=5000 —2500 0 2500 5000
| (Real) Sample Value
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3. Transmit and receive a complex sinusoid with Python

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

» Open “python_loopback_sine_jupiter.py” file
using “Thonny” IDE from:
“/home/analog/Desktop/ftc_2024/2_sinewave_loopback_python/”

» To run the python script, click on the “Run” button:

fhome/an='_yrUesktop/ftc_2024/2_sinewave_loopback_python/python_loopback_sine_jupiterpy @

Zoom Quit Support

python_loopback_sine_jupiter. py |

1 dimport numpy as np

2 import adi

3 import matplotlib.pyplot as plt
4 import time

=
B | A R R R R R R R R R R R R R R
-

8 R S S R S SR S e
9 sdr = adi.adrv9002(uri="ip:jupiter.local"”
10
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3. Transmit and receive a complex sinusoid with Python

» Change the profile from command line on Jupiter to the one with 61.44 MHz Sample Rate and run

the python example again:

Commands to run in the termina (! You can copy and paste commands from “terminal_.commands.txt”,

which is on Desktop):
# First connect to Jupiter with ssh:

$ ssh root@jupiter.local

# enter “analog” as password

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

$ exit

# run again the python code (from Thonny or command line)

$ python3 /home/analog/Desktop/ftc_2024/2_sinewave_loopback_python/python_loopback_sine_jupiter.py

You should see the same plots but with more samples and a wider spectrum.
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3. Transmit and receive a complex sinusoid with Python

» After you finished playing with this example, reboot Jupiter:

» Method 1:
» Openterminal and run the following commands:
» S ssh root@jupiter.local
» # enter“analog” as password
» Sreboot

» Method 2
» Press once the push-button on the back of the Jupiter
» Wait for the LEDs to turnred

» Press once more the push-button to boot again
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3. Transmit and receive a complex sinusoid with Python

» Using PyADI-1I0 you can reuse the code and run it on different SDRs like Pluto or Talise.

ADALM-PLUTO
- AD9363

«Zynq°-7010

h S R~ : « ADRVS002

« ZyngMP-ZU3EG
PYTHON FOR ADI INDUSTRIAL 1/0 DEVICES

ADRV9009-ZUTEG

- 2x ADRV9009
- ZynqMP-ZUTIEG
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4. How to explore and tweak
device attributes
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4. How to explore and tweak device attributes

“/sys/bus/iio/devices/iio:deviceX” iio_info iio_attr /" Windows/Unux/Mscost N\

GRC Flowgraph

Analog Devices i Analog Devices
Microwave Transceiver or
ADC/DAC m 1 '
ANALOG H
DEVICES i Iw
RF / ‘ ' lI:IIID T P/ IP

Microwave .3 I(undl:lllms |

u ANALOG
DEVICES .

Digitizer 33 / Windows / Linux / Mac Host \
b .' Transciever

HDL interface ]

Python Script ——
Programmable Logic v B
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4. How to explore and tweak device attributes

|&GNURadio)
@ python’

1 Client [IOD Server Client
Bt Application A A Application
1 on Linux T - ] on Windows
od A ] : A
; . I :
1 e LiblIO 1 LibllO
| i e i
kemal o drisere 5. l / Linux l : I iWindnwsl
1
" I
dﬂluug High-level API 1 : High-level API
attribute ———Tr— : '
ca etwor! 1
backend | backend : 1 Network backend
i
R R T
i’ T Network link
inux Kerne

=
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4. How to explore and tweak device attributes

» What devices are on Jupiter SDR from a Software perspective?
To see all devices, run the following command in the terminal (not necessarily on the target):
Siio_attr-uip:jupiter.local -d

analog@analog

U Ccontext

‘axi-adrv9002-rx-lpc’ -> ADC on the RX1 path
‘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 workshop

‘adrv9002-phy’ -> contains most of the configuration attributes (hardwaregain, LO freq. etc.)

Most Important ll0 Devices used in

the examples presented in this

49 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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4. How to explore and tweak device attributes

» Useiio_info command to display the whole context.

(5434

ksl i fderemrs
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4. How to explore and tweak device attributes

» How to change an attribute from command line (e.g. for hardwaregain of RX1)?

Find the channel name and channel attribute name
$iio_info | grep -A 200G@drv3002-phy

| |:: .5 |_|

lle_context |

lio_device |

k
- ]s. .-
debug
attributm
I

ANALOG
DEVICES

[ ]
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4. How to explore and tweak device attributes

» How to change an attribute from command line (e.g. for hardwaregain of RX1)?

54

Siio_attr -u ip:jupiter.local -c -i adrv9002-phy voltage0 hardwaregain

analdg@imhotep:~$ iio_attr -h

Usage

iio_attr [OPTION]...

Options

q,

~fdevice-attr
-c, --channel-attr
-C, --context-attr
-B, --buffer-attr
-D, --debug-attr

Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.

[devi [attr]/
]

c [device] [channel] [attr]| [value
-B [device] [attr] [value]

-D [device] [attr] [value]

-C [attr]

: Show this help and quit.

: Ignore case distinctions.

: Return result only.

: Use the first context found.

: Use the context at the provided URI.
: Filter Input Channels only.
: Filter Output Channels only.

: Filter Scan Channels only.

: Read/Write device attributes

: Read/Write channel attributes.
: Read IIO context attributes.

: Read/Write buffer attributes.
: Read/Write debug attributes.
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4. How to explore and tweak device attributes

» Some methods to change attributes:

» pyadi-iio

1 import numpy as np
2 import adi

! import matplotlib.pyplot as plt
4 import time

9 sdr = adi.adrv9002(uri="ip:jupiter.local") # (i

34 sdr.rx_hardwaregain_chan@ = 15

» https://qgithub.com/analo
gdevicesinc/pyadi-
iio/blob/main/adi/adrv90
02.py

» iio_attr

Siio_attr -u ip:jupiter.local -c -i adrv8002-phy ‘voltage0’ hardwaregain 5

» https://wiki.analog.com/resources/tools-
software/linux-software/libiio/iio_attr

ANALOG
DEVICES

» GNU Radio

IIO Attribute Updater
Attribute: hardwaregain
Value: 5

Interval (ms): 1k

out—attr

IIO Attribute Sink
II0 context URI: ip:...65.198
Device Name/ID: adrvo002-phy
Attribute Type: Channel
Channel Name: voltage0

IIO Attribute Updater
Attribute: hardwaregain
Value: 30

Interval (ms): 1k

out—attr

110 Attribute Sink
IIO context URI: ip:...65.198
Device Name/ID: adrv9002-phy
Attribute Type: Channel
Channel Name: voltagel

» from “/sys/bus/iio/devices/iio:deviceX" on the target

# to write 5in hardwaregain:

S echo 5 > /sys/bus/iio/devices/iio:devicel/in_voltage0_hardwaregain
# to read hardwaregain:

S cat /sys/bus/iio/devices/iio:devicel/in_voltage0_hardwaregain
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4. How to explore and tweak device attributes

» After you finished playing with this example, reboot Jupiter:

» Method 1:
» Openterminal and run the following commands:
» S ssh root@jupiter.local
» # enter“analog” as password
» Sreboot

» Method 2
» Press once the push-button on the back of the Jupiter
» Wait for the LEDs to turnred

» Press once more the push-button to boot again

57 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.
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b. Doppler Radar with
GNU Radio
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b. Doppler Radar with GNU Radio

Theory

Jupiter
SDR

¢
T((((((((((( !

frx = frx + Af
«—

Transmitted
1.5 KHz Sinusoid

frx = frx - Af

Af = f

Receiver
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Implementation

Transmitter
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Band Pass Filter

Frequency

Offset_freq - Af

Band

Pass
Filter™

okl

[ETpe—

_____;_v\

>

Offset_freq + Af

Connection
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Device
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b. Doppler Radar with GNU Radio

» After Running the flowgraph, you should hear on the headphones the movement of your hand in front of the antennas

Time Domain Rx Raw Frequency Spectrum Rx Raw

. 4 +——_____ Receive Signal Raw
Rec.:elve Slgn.al Raw T : - Frequency domain
- Time domain *
v s00 ':"I‘::ae - 1500 2,000 T e u:"lo':“: o e
Time domain Rx BPF ) Frequency Spectrum Rx BPF
Received Signal after BPF ;.
= T T £ \ Received Signal after BPF

- Time domain ]
wwww WWMNW - Frequency domain

0.2
o ?ID Al qu H 0.00 -10'00 o.lon 10?0\] ZETHO
Time (ms) Frequency (kHz)
Time Domain BRF i Frequency Spectrum Rx BRF
a.01 u R BRF Re o]
sans u For BRF Im g - ]
) pacmtieames packen 3
3 o backen 27 7 0 ]
£ o 3 e L] ]
B ﬁ packst lon: s20p8  pecked en: ar6e ¢ ]
s il packet_len: 32768 packet len: 32768 E -150 -
. . - 5 . .
Received Signal after BRF ——"" **Wihmmw \ Received Signal after BRF
. . -0.01 - ]
- Time domain ; = P sa - : = ! : ' - i
e ey T AR Frequency domain
Ta Alterwation [d3fs) T N N N N N N L N L B . L
A Gain [fs]
audia gain' T o o oo o . o oo o o o . ' T . ' F— 500 3 4
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b. Doppler Radar with GNU Radio

» Connect one antenna to RX1and one to TX1on Jupiter female SMA ports as depicted in the picture below

» To open GNU Radio run the following commands:
S cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop v A X
File Edit Tabs Help

analogdanalog

analog@analog

» In GNU Radio companion app, open from File -> Open:
/home/analog/Desktop/ftc_2024/3_doppler_radar_gnudio/doppler_radar_jupiter.grc

» Use the given USB Headphones (plug them into the RPI)

61 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.



ANALOG
DEVICES

b. Doppler Radar with GNU Radio

» Conclusions:

- This technique (plus some calculations) can be used to detect the velocity of moving objects in radar

Applications

- The change in frequency can be mapped to speed and direction of movement of the Receiver relative to the

Transmitter

- If this change in frequency when the Receiver is moving relative to the transceiver affects the datareceived,

methods to correct this change are required.
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6. Phase Shift Keying -
BPSK in Python
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6. Phase Shift Keying - BPSK in Python
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» Binary Shift Keying is the simplest type of Phase Modulation where the binary data (bits 0 and 1)
are encoded using two distinct phase states of the carrier.

BPSK Constellation:
Encoded Bits Encoding: bits -> symbols * carrier_sinusoid
Ao +1+0) -
< ; Input Bits(In phase) I Time
Ob 1b 0=0 140 |
-1+0j 1+0j

\ |Y | AN AN
BPSK Modulated || |

ved.

’4\ ‘,‘\ : ) [ *" ‘l |] i f \\l
"/ | |\ | |‘ ‘ \l ,‘ / ‘1 /' ll [ x' "f \1 | \ 'l ll\ |‘\|‘ / | \‘!\ lll
/| ' ! ' ’ ‘ ) A‘ | J ‘ ! ' I l 1 0 I 1
IARITRTAT RN UAYEAVAVRIAVAE WY v andlll
N OUtDUt ‘ wl 1 TERYERY \ | | | | | IRIRY T \ A
N} | \ ' | ! | ‘ | | \ | 1V | \
Symbols I WV PV VUV ViV
y
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6. Phase Shift Keying - BPSK in Python

» Where is Phase Modulation used?
» GSM
» Satellite Television
» Wi-Fi
» Many Others
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6. Phase Shift Keying - BPSK in Python
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» In an ideal world where the LO’s of TX and RX are perfectly in sync and where there is no time

Delay between RX and TX:

Transmitter

cos(916MHZ*)

-sin(915MHZz*t) 4

Receiver

LPF —> |

cos(915MHz*t)

4
-sin(915MHz*t)

0=0—> LPF ——> 0 =
» Inareal world:
Transmitter Receiver
R 09 A ) T in != out but the
B e information is still
0=0—> LPF [—>0 there
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6. Phase Shift Keying - BPSK in Python

» What are the problems when demodulating PSK signals?

» Phase Offset of LO at RX relative to TX

» Frequency Offset of LO at RX relative to TX

» VVariation of these two in time with distance change and temperature change
(as we saw in the last example when frequency was varying with

the change of distance)

» Luckily, all these can be solved by software!
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6. Phase Shift Keying - BPSK in Python

» What this code does?

» Transmitter:

ANALOG
DEVICES

Configure Create Differential Interpolate with 16.sps and Shift Call tx() function
array of : Remap symbols: bit 0 -> -1 :
SDR : Encoding : Spectrum and transmit
bits bit1 ->1
» Receiver: !
Plot || Differential Fine frequency Select the right ) Adjust the Call rx() function
* : and phase samplesand |« « :
data Decoding : : frequency offset toreceive data
adjustment decimate
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6. Phase Shift Keying - BPSK in Python

» What differential encoding and decoding does?

» To transmit a bit of “1” change state (e.qg. if previous is “0", change to “1"; -1+0j 1+0j

if previous is “1”, change to “0").

ANALOG
DEVICES

Ao

Ob b
—0 o>

» To transmit a bit of “0” repeat state (e.q. if previous is “1”, repeat “1”; if previous is “0”, repeat “0").

» Encoder: > Decoder

228
229
230
231
ts w 232
47 A A 233
48 # Initialize the encoded array o
49 blts _encoded = np. zeros(len(blts) + 1, dtype np.uint8) 236
50 # Set the first Lm)i#i bit to be the same as the first input bit 237
51 bits_encoded[0] = e
52 # Differential encad;ng for the rest of the bits 240
53 for i in range(l, len(bits encoded)): 241

blts encoded[l] (bits_ encoded[l - 1] ~ bits[i - 1]) # XOF tion can e [ e

243

244
245
246
247
248
249
250
251
252
253
254
255
256
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258

blts décaned = np zeros(len(recelven bits undecoded) - 1, dtype=np.uint8)
for i in range(®, len(bits_decoded)):
blts decoded[l] (received_| blts undecoded[l] “~ received_bits_undecoded[i + 1])
"\ str(bits decoded))

packet_length = num_symbols
rx_packet = np.zeros(len(bits_decoded), dtype=np.uint8)
for i in range(len(bits decoded) - len(predefined key) + 1):
if np.array equal(bits decoded[i:i+len(predefined key)], predefined key):

# Extract the packet starting from this index
rx_packet = bits_decoded[i:i + packet_length]
break

bits demodulated = rx_packet
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6. Phase Shift Keying - BPSK in Python
» How we adjust the frequency offset?
» First square the received signal => all symbols (s(t))*2 will have a constant positive value
. . 136 Co i
T’2(t) — 82(t)€3477f0t 137 samples adjust = samples**2
» Take the FFT and measure the peak => the measured peak will be at 2*offset_frequency
133 600 - i EZoomed in below
i:“ sahples adjust = samples**zll : btai ' f ‘ 0 - . - : -
13 psd = np.fft.fftshift(np.abs(np. fft fft(samples ad]ust))) —400000  —200000 0 200000 400000
136 f = np.linspace(-fs/2.0, fs/2.0, len(psd)) 800 ~ 26601.52 Hz
140 max freq = f[np. argmax(psd)] 600 -
141 Ts = 1/fs 3 ; 400
142 t = np.arange(0, Ts*len(samples) Ts) ¢ {
14 samples = samples * np.exp(-1j*2*np.pi*max freq‘t/z 0) 2001
» Apply frequency correction on received samples based on the above measurement
141 Ts = 1/fs # | max_freqis the frequency where the
142 t = np.arange(0, Ts*len(samples) Ts) L )
143 samples = samples * np.exp(-1j*2*np.pi*max freq*t/Z 0)

peak power was measured
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6. Phase Shift Keying - BPSK in Python

» How do we select the right samples (Mueller and Muller timing recovery technique [6, 10])?

» In the below code, the variable “mu” represents the timing offset we have to add to 16sps because we have

to select one from each 16 samples. For example, if mu = 2.43 => we have to shift the input by 2.43 samples.

» After a few iterations of the while loop, “mu” stabilizes and only the correct samples should be pulled.

162

163

164

165 samples_interpolated = signal.resample poly(samples, 16, 1)

166 mu = 0

167 out = np.zeros(len(samples) + 10, dtype=complex)

168 out _rail = np.zeros(len(samples) + 10, dtype=complex)

169

170 iin=20

171 iout =2

172 while i out < len(samples) and i in+16 < len(samples):

173

174 out[i out] = samples interpolated[i in*16 + int(mu*16)]

175 out rail[i out] = int(np.real(out[i out]) > 0) + 1j*int(np.imag(out[i out]) > 0)
176 x = (out_rail[i out] - out rail[i out-2]) * np.conj(out[i out-1])

177 y = (out[i out] - out[i out-2]) * np.conj(out rail[i out-1])

178 mm_val = np.real(y - Xx)

179 mu += sps + 0.3*mm_val

180 i in += int(np.floor(mu))

181 mu = mu - np.floor(mu)

182 i out += 1 W I h
5 out <ot out e want to sample where
184 samples = out

185

186 samples rx time adj = samples

the adjacent symbols cross 0
1 s e o o s and discard in between samples.
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6. Phase Shift Keying - BPSK in Python

» How Fine Frequency Synchronization is done (Costas Loop[6], [11])?
» It functions like a PLL. We multiply the real part of the sample (1) by the imaginary part(Q), and
because Q should be equal to zero for BPSK, the error function is minimized when there is no phase

or frequency offset that causes energy to shift from|to Q(Q is the error signal, adjust and keep Q = 0).

19¢
191

samples = out

a3
93 N = len(samples)
94 phase = 0
195 freq = 0
19¢
197 alpha = 0.332
198 beta = 0.01932
Q99
208 out = np.zeros(N, dtype=complex)
201 freq_leg = []
203
203 for repeat in range(l):
204 for i in range(N):
205 out[i] = samples[i] * np.exp(-1j*phase)
20¢ error = np.real{out[i]) * np.imag(out[i])
207
20t
216
1
212 freq += (beta * error)
213 freq log.append(freq * fs / (2*np.pi))
214 phase += freq + (alpha * error)
215
216
217 while phase >= 2*np.pi:
218 phase -= 2*np.pi
219 while phase < 0:
226 phase += 2*np.pi
]
y

samples rx costas loop = samples
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6. Phase Shift Keying - BPSK in Python

» Transmitter:

ANALOG
DEVICES

Create

Interpolate with 16 sps and

Configure | . | Differential . Shift Call tx() function
» array of : Remap symbols: bit 0 -> -1 :
SDR . Encoding : Spectrum and transmit
bits bit1 ->1
Bits Tx
1.00 {= r> Hr -y ...T
© 0.75 +
4;% 0.50 - ﬁ
» Create the array of bits and encode them ® 025
- : : . oo 40 LU LU e
with Differential Encoding (this is the data B

you want to transmit):
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Bit Value

Bits Tx Encoded

20

1.00 { ¢ Tifuiiail
0.75
0.50 1 "I i §
0.25
0.00 1 .l
0 20 40 60

No. Bit



6. Phase Shift Keying - BPSK in Python

» Transmitter:

ANALOG
DEVICES

: Create : : Interpolate with 16 sps and
Configure | _ | Differential :
» array of : Remap symbols: bit 0 -> -1
SDR . Encoding :
bits bit1 ->1

Shift
Spectrum

Call tx() function

and transmit

» Repeat each bit 16 times (interpolate) => 16sps
» For BPSK the data is complex (0 =0)
» This is ideally what we want to obtain at receiver

(0 =0, constellation symbols: -1+0j; 1+0j).

Samples Tx w/o Freq. Shift.
y

10000 +

Sample value
(=]

—10000

—— Q (Imag)

T
0

T T T T
250 500 750 1000

No. Sample

Q (Imag) Sample value

Constellation Plot Tx

0.04 4
0.02 4
0.00 1@ L
—0.02 ~

—0.04 1

T T T
—=10000 0 10000
I (Real) Sample Value

» Shift spectrum to a higher frequency by multiplying
with a a complex sinusoid.

» Call sdr.tx() function to transmit the data
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Samples Tx with Freq. Shift.

Sample value

o [

7o 1 (Real) LI
—+— Q (Imag)

0

| A

100
No. Sample

Q (Imag) Sample Value

Constellation Tx (After Freq. Shift)

10000

0_

—10000

T T T
—10000 0 10000
| {(Real) Sample Value
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6. Phase Shift Keying - BPSK in Python

» Receiver

Plot |, | Differential | Fine frequency Select the right . Adjust the ) Call rx() function
) : and phase samplesand | — :
data Decoding : : frequency offset to receive data
adjustment decimate

Constellation Rx Raw

Samples Rx Raw

oot MEARRALR

—— | (Real)
—— Q (Imag)

= T

T
0

» This is what we get after receive.

» Observe the phase offset and frequency offset

Sample value

Q (Imag) sample value

that needs to be corrected, 0 !=0.

-1.0 -05 0.0 0.5 1.0

No. Sample I (Real) sample Value

» After we adjust the frequency offset, we don’t see so much of the frequency
difference in the received signal, but the phase of the | and Q signals are still not
right.

Constellation Rx after Freq Adjustment
1.0 1
—-1.0 4 T T T T T
-1.0 -05 0.0 0.5 1.0
| (Real) Sample Value

0.5

» Observe samples that fall in the middle due to 007

inaccurate sampling.

» 0!=0
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6. Phase Shift Keying - BPSK in Python

» Receiver

ANALOG
DEVICES

Symbol Sync
Plot |, | Differential | Fine frequency Select the right . Adjust the ) Call rx() function
) : and phase samplesand | — :
data Decoding : : frequency offset to receive data
adjustment decimate

» After selecting the right samples, we get rid of the

ones that fell in the middle of the constellation but

a small phase and frequency offset is still present.

»0Q!=0
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Samples Rx after Freq Adj. & Symbol Sync

—— I (Real) [
—=— Q (Imag)

0.5 1

0.0

Sample value

0 50 100
No. Sample
Constellation Rx after Symbol Sync

0.5 A

0.0 +

—0.5 1

Q (Imag) sample Value

T T T
—0.5 0.0 0.5
| (Real) Sample Value



6. Phase Shift Keying - BPSK in Python

» Receiver

Costas Loop

ANALOG
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Plot
data

A

Decoding

Differential |

Fine frequency
and phase
adjustment

Select the right
samples and
decimate

A

Adjust the

frequency offset

Call rx() function
toreceive data

» Observe that after fine tuning the frequency and

the phase, we get the right samples with a few

errors that appear before the Costas Loop

locks onto the right frequency and phase.

» Now Q0 =0.
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Sample value

0.5 4

Q (Imag) Sample Value

Samples Rx after Costas Loop

—— | (Real)
—+— Q (Imag)

27

0

T
50

No. Sample

T
100

Constellation Rx after Costas Loop

+ all samples
] L]

without first 200 samples

!

o’

T
-1

T
0

T
1 2

| (Real) Sample Value
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» Receiver
: : Fine frequenc Select the right . :
Plot |, | Differential |, J y J Adjust the Call rx() function
) : and phase samplesand | — :
data Decoding adjustment decimate frequency offset to receive data
Bits Rx Undecoded
1.00 4=y me . » T———
F |
o 0.75 +
. . . . 4;% 0.50 H V )
» After decoding with differential .
decoding, observe that “Bits Rx Decoded” S = =
are the same as “Bits Tx". oo et Decoded oo TR Sl
0.75 - ! 0.75 1
S 0:50- H\ : 0.50 1
@ 0.25 - " 0251
0.00 - & & 54 S8 Uhl Jr bl 0.00 4 | - ’I L"h’ ! . ?
0 20 a0 60 0 20 40 60
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6. Phase Shift Keying - BPSK in Python
» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» Open “bpsk_loopback_jupiter.py” file
using “Thonny” IDE from:
“/home/analog/Desktop/ftc_2024/4_bpsk_loopback_python/”

» To run the python script, click on the “Run” button:

New Load Save m Debug € n u Stop Zoom CQuit Support

python_loopback_sine_jupiter. py 3 |

1 import numpy as np

2 import adi

3 import matplotlib.pyplot as plt

4 import time

5

[y g B R B B R B B R BB PR L S B S PR BRI PR B P PSP R S

B HHHHHRER R R R R R R R R R R R B R R R R R R R BB R B IR R R R R R R B R B

10
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» Using PyADI-110 you can reuse the code and run it on different SDRs like Pluto or Talise.

ADALM-PLUTO
- AD9363

«Zynq°-7010

= PyADI-II0 7 B
M E « ADRV3002
LN

« ZyngMP-ZU3EG
PYTHON FOR ADI INDUSTRIAL 1/0 DEVICES

ADRV9009-ZUTEG

- 2x ADRV9009
- ZynqMP-ZUTIEG
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7. Phase Shift Keying -
OPSK in GNU Radio

81 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.



7. Phase Shift Keying - QPSK in GNU Radio

» QPSK is similar with BPSK but has more symbols.

40

1=01b | 2=10b
1‘1' 1‘1' |
-1+ +

] ) 1
0=00b | 3=11b

3 O
-1-1j 1-1j

» PSK with more than 4 symbols (here the amplitude is modulated too):

16 QAM 32 QAM 64 QAM 256 QAM
® 6 ® 0.6 & 0 &  checdeiitechedt.
° oo c oo oleoee TUTrETITT
e ole e e o o0 o o c o 0 |6 o o o :Z;::IIIII:ZIEIE
© ol e LI LI I LI S TS SRR R
* oo o e o oo o o ® o o ojs o o o A S IR A
o0 e o oo o o * o o o o o S S T i S
e ole o e o o e o o o et E LT,
¢ & o e ® & O e e

1

QAM doesn’t have to be a square
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7. Phase Shift Keying - QPSK in GNU Radio

Transmitter

Receiver

Differential
Decoder

uuuuuuu

: _\LConsteIIation
_I Receiver(Costas Loop)

r-r--—-—-—-—=—="="="=>"=>"="=—" Fr-==-=-=-==="
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Iitude

Relative Gain (dB)
S E oz 5 & &

Quadrature

T Attcruation [dBfs]

Ampiitude
k) a

l|" m ‘, M" ||""J| J

30 a0 500
Time {us)
Transmitted Spectrum

=it I“m' JUU U T

II\ lr lhl::nml;l ‘ll ‘fl‘ rl . Received Demodulated Symbels |_ﬁm
b y Same pattern of symbols
|V || ‘ | | ;‘I v II‘ |\| l" I II|I B — p y
IRV (o / !
A : at TX and demodulated RX
B s — -
e S s Conttton oo — e From this slider you can rotate the
, constellationin steps of 90 deg=> observe
1 Il \Jf g“"'—lr”Hﬂ'”\FT HF‘ E—M‘ll I HHHH Ii
‘rll '“||||’\ })Hlllllj“m I 'll \ ‘llllhl‘”l “ | i‘ i \HI:)‘ll' I|| HIH“"‘\“ l'l‘ n(l | ‘||| I || l\ ‘H'I”Hl

W I m | that the symbols received are the same due

to Differential Decoding

0 an
Time {us)

Received spectrum

Lo Libl

requency {MHz)
Receive dC stellation

|||||

@

a5 o
In-phase
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{dB)

Relative Gain

2 2 B B & & B a
fln nfinuallnnalnnaf

=
I

% With green, you can see the

RX Spectrum after FLL block

o000
Frequency (MHz)

- 32768
777777

Rx Re (After Costas Loop)

2E b
len- 32708

Rx Im (After Costas Loop)

Here is the Eye diagram after

Costas loop of the Rx

. o
£ =
4 i
H §
& .
Gl eet
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7. Phase Shift Keying - QPSK in GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX.

» To open GNU Radio run the following commands:

S cd /home/analog/Desktop

S sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

» In GNU Radio companion app, open from File -> Open:
/home/analog/Desktop/ftc_2024/5_qpsk_loopback_gnuradio/qpsk_loopback_jupiter.grc
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8. Phase Shift Keying -
Receive a message in
GNU Radio

86 Analog Devices Confidential Information. ©2024 Analog Devices, Inc. All rights reserved.



8. Phase Shift Keying - Receive a message in GNU Radio

I options Varizhie Varizblo Variable P Commtalistion Obect
Title: conscl...ta_fupter 10 ap et | | roemusizme | | xoretenatvpsse | | o g || 108 consetatin
Output Language: Athen Value: 1524 | | vatues 27ssk] | vaiues 0 e — Constellstion Type: Varitis Corsteistin M
e 11,23
I — S
Value: s00m :
I Hormalization Type: At
WriteBacks fon

e iSdT:IQL“’A ppen ds access

Sends specific Messages  key and length of o b
atregulartimeintervals  payload e e

......... inso_count QT GUI Frequency Sink Default Value: 0
.................. - Hame: P
--------------- FFT Szer 157

Center Frequency (Ha) 0

[ Froasenor: 16k
Penplituces

o B Bandwidth (Hz): 1521 110 Attribute Updater o non:::-ﬂes-z ‘
1D: messace (S _ " contaxt URE: ip:..
- ‘Attiibute: hardversgan e
Value: ANALQY D...INCFTC2024| Pac kat Fo rmat —_— ik = = = i Device Name/ID: =ans002phy
Attruta Type: Channs!
v Bl Intercal (ms)r0
- B Chamel Name: votaged
Mesage Strobe :
ST mesage P (). 5052]) CEEEEE et =
el el [r— 10 Atrioate Up ot o marlute Snke
contaxt URE: ip:..
Sampla Rate: 15214 Attibote: Freauency g
Pt b (520 = = = {2 Device Hame/1D: sarsconphy

Attribute Type: Channe!
Chamel Name: sitioisge?

offsat: 0
Initial Phase (Radians): 0

Appends CRC32 Converts PDUs to steam
checksum of data tagged with metadata

Receiver

from the Rx stream of bits

vt Y P

-
O e M 3 e v o e

r
!
!
|
|
!
|
!
!
!
!
|
|
!
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8. Phase Shift Keying - Receive a message in GNU Radio

. Rx Re (After Costas Loo Rx Im (After Costas Loo
Received Samples (After Costas Loop) o { : P) . : { P
10 ] W Re :
] 6] 6]
1 mim ]
5 a4 a4
] ] A
° 1 \ T
E b II| II | |||| | | fl | [ |/ ||i|1 [ n ||1 |] /’\ | Iﬂ ,] | \ | | |'I|| III 9 v
i N | | | ] g E
= 0 1) ll' | ' ‘u'l I|I I J 1 ||l | J Il [ \‘ | | [T | | | lf | I|| i l II| | %, %_
E 1 \II | .] | | LA I \ \ \ Yy Il' 5 5
5
g 4~ -4
10 J 5d ad
) T T T T 1
0 10 20 30 40 50 ]
Time (us) 8- . e
a 0.2 0.4 0.6 0.8 ) 1 1] 0.2 0.4 0.6 0.8 1
Received spectrl.lm Time (us) Time (us)
o : .............................................................................................................................................................................................................................. " R Received Constellation
1 Rx E m Px Before
] .+ J ] - - . (89061, 2.5164) B
. 207 Freq Offset ] o rpglrettc gy, o R Ater
1 2~ - - = B Costas Loop
[>:] ] Rx 1 -, *
3 -40 — + - - I‘
] Fre b =
£ . ® Offcet g !
-60 < + - -
t: 1 FLL E 0] .
> 80 Bl 'E ] - - - opld
= 807 ] ]
E a 8’ -1+ -
& 100 ] .
] '2_: .'.
120 ] e R
] -3 o
140 2 kbl ot it B B g i il o Ll A e N —
3 g T g : g T J g T g : g 3 = - 0 1 2 3
-0.500 0.000 0.500 In-phase
Frequency (MHz)

The Symbols are Noisier because the data
is sent in bursts(not continuously)
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8. Phase Shift Keying - Receive a message in GNU Radio

» Forthis example, connect only one antenna to the RX1 of Jupiter

» To open GNU Radio run the following commands:
S cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop v a X
File Edit Tabs Help

We will transmit to you

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/6_console_message_point_to_point_gnuradio/receiver_jupiter/console_message_receiver_jupiter.grc
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9. Phase Shift Keying -
Recelve a message
and store itin afile
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9. Phase S

91

1
I
|
|

optons varubie variable Variable
Tt gpsk b it Juoner w:outtsm || 0 el sosts | | rp: cone freg
QUL LanguagE PiTn valoes 14 | | vatue: 2wk | | values Va1
Options: QT GUt
Variable Variable
Import 05 10: 360
Impart: mh value: 16| | valuee o

Can't change aloha i real bme.
for Constealation Moduatoe

N

Constallation Typs: Varbie Congdstm
‘Symbol Mo 6,1,2.2

Constelation Poirts: .11
Rotatioral Symmetry: 4
Dimersicrabty: |
Warmahmton Type: ATpiude.

Protocol Farmatter
Fomatob) : <grus_ SCHED>
Length Tag Name: packet_jan

Stream to Tagged Stroam

e T

QT GUT Time Sink
Mame: Fansni. Moduse)

nift Keying - Receive a message and store it in a file

Transmitter

QT GUI Frequency Sink
Wame: Torressd Spectrum|
FET S 1

Comter Frequency (H2): 0
Bandwadth (Hz): 1504
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9. Phase Shift Keying - Receive a message and store it in a file

Received Samples (After Costas Loop)

Rx Re (After Costas Loop) Rx Im (After Costas Loop)

33 uRe . = t View S Go
uim o
1] P ) f
2] 152 159 oo n & P | /home/analog/Desktop/ftc_2024/7_gpsk_point_to_point_txtfile_gnuradio/receiver_jupiter
= et len: ') ket len: 32768
3 3 ' E E::‘f“ﬂ,:_"‘k e ! &EM_I;: 3n7en ne Folder =
2 \ g M : / 2 0.5_\//\/ BRSNS = qgpsk_receiver_txtfile_jupitergrc
= 0+ H] 3 .. ] rur -
2 ‘ | l 3 o 30 < L = apsk_receiver_txtfile_jupiter.py
£ | il H = / ~L / \ E / \/\ Bookshelf T
13 packet_len: 327168 e =53 i
packet_len: 32768 3
1 1
2 3
L5 H 2ES H Sile Edit Search View Document Project Build Tools Help
3 E
r T T T T 2= -2 i ) 4 ~7] '} '®
0 100 200 300 400 500 T T T T T T v v i > - d J
e s I i S L @ 2 X «® - ¥ N A
Time: jus Time [ush
- 4 Symbols P README % temina andstxt X README txt % recejved.txt %
Received spectrum Received Constellation S, S | ==
: 40 ANALOG DEVICES INC. FTC2024
4 Rx
= | = 1 " e e Io symbols found a1 ANALOG DEVICES INC. FTC2024
]
3 R it 42 ANALOG DEVICES INC. FTC2024
3 + al a3 ANALOG DEVICES INC. FTC2024
7 Froq afen e aa ANALOG DEVICES INC. FTC2024
g - Rx £s 45 ANALOG DEVICES INC. FTC2024
3 a0 : 0 a6 ANALOG DEVICES INC. FTC2024
E 3 u frea i . 47 ANALOG DEVICES INC. FTC2024
8 o0 + £ a8 ANALOG DEVICES INC. FTC2024
3 y L g ° 49 ANALOG DEVICES INC. FTC2024
5 o] |kl i 56 ANALOG DEVICES INC. FTC2024
§ 1 bt H.,m kb & 51 ANALOG DEVICES INC. FTC2024
8 2003 | : g ‘ 52 ANALOG DEVICES INC. F1C2024
gle:3 0.5 53 ANALOG DEVICES INC. FTC2024
: 54 ANALOG DEVICES INC. FTC2024
20 L 55 ANALOG DEVICES INC. FTC2024
1 ety 56 ANALOG DEVICES INC. FTC2024
240 = v Mt ik 14 57 ANALOG DEVICES INC. FTC2024
y s u S y 58 ANALOG DEVICES INC. FTC2024
-0.500 0.000 e e 59 ANALOG DEVICES INC. FTC2024
Frequency (MHz) 58 ANAI QG 24

After you run the flowgraph for a few seconds, stop it and open the receive.txt file from:

/home/analog/Desktop/ftc_2024/7_qpsk_point_to_point_txtfile_gnuradio/receiver_jupiter
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9. Phase Shift Keying - Receive a message and store it in a file

» Forthis example, connect only one antenna to the RX1 of Jupiter

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop v A X
File Edit Tabs Help

We will transmit to you

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/7_qpsk_point_to_point_txtfile_gnuradio/receiver_jupiter/qpsk_receiver_txtfile_jupiter.grc
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10. Amplitude Shift Keying
- GNU Radio Example
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10. Amplltude Shift Keying - GNU Radio Example
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10. Amplitude Shift Keying - GNU Radio Example

Using this slider, you can offset the Tx signal
relative to TX LO frequency

I Tx Offsct o 10000 |

vfﬂﬂf;ﬂffﬂﬂﬂﬂﬂffﬂﬂﬂﬂﬂﬁ

Amplitu

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

— RX unprocessed signal

I—, Observe on the RX constellation,
4 |evels of amplitude

Only the magnitude of the RX signal
(onright -> decimated)

,,,,,,,,

R Gain |dBls]
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10. Amplitude Shift Keying - GNU Radio Example

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
$ sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

ana Log

» In GNU Radio companion app, open from File -> Open:
/home/analog/Desktop/ftc_2024/8_ask_loopback_gnuradio/ASK_loopback_jupiter.grc
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10. Amplitude Shift Keying - GNU Radio Example

» Conclusion:

E [H ’ '

E L
P @ '
B 45

Received constellation

In-phase
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ASK combined with PSK forms QAM:
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16 QAM

32 QAM

64 QAM




Optional bEVices

11. QPSK without additional
digital processing - GNU Radio

Transmitter:
Configure OIEEIE NGB E1 16.sps e Matched Shift Call tx() function
— arrayof [ Remap symbols: bit0->-1— : ] — :
SDR : : Filter Spectrum and transmit
bits bit1 ->1
Receiver:

Finefrequzncy Selext thedight
| andrrhase [ samp.csand [«
ad,ustment cecimate

Plot
data

Adjustine Matched Call rx() function
4_ - <_ .
frequeiicy offset Filter to receive data
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11. QPSK without additional digital processing - GNU Radio

Optsom.
T ot e yet ariatie Verlsaie Varbis Canty Vs
s TP | ariniod 100 ot el cain
Output Language: Ao . LT
Gumasats Opan: o i | | Vobemiiom || Whwet X5 N8 Vehes 0
o sng
Conty Poe- 2 ial
St an
o

------

Generate sequence
of bits

Map Bits onto

symbols Offset spectrum to the right

to not overlap it with DC leakage

Receiver

Shift the spectrumback to DC
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11. QPSK without additional digital processing - GNU Radio

4.
y

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.
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The spectrum is inefficiently used
(spectrum of square wave)
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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.
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11. QPSK without additional digital processing - GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:

$ cd /home/analog/Desktop

S sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/10_gpsk_raw_loopback_gnuradio/QPSK_raw_loopback_jupiter.grc
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11. QPSK without additional digital processing - GNU Radio
» Conclusions:

- The frequency offset an LO drift is required to be corrected at receiver

- The phase offset of the LO at the receiver is required to be corrected

- These are varying with distance and temperature in time => need some sort of feedback
loop to constantly adjust the frequency and phase

- The correct sample from the received signal needs to be extracted (not transitions)

- Evenif we do all these, if we rotate the constellation 180 deg, the symbols received
will be out of place
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12. OPSK - Constellation
Modulator in GNU Radio

Transmitter:
Configure Create Interpolate with 16.sps and Matched Shift
SDR — arrayof [ Remap symbols: bit0->-1 Cilter Spectrum
bits bit 1 ->1 P
Receiver:
inef s Q '. :

o || Feresener| | sekneiont| | sousrite ||| vatond
data o frequeiicy offset Filter

ad,ustment
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12. OPSK - Constellation Modulator in GNU Radio

iy

mmmmmm

- Tx Spectum
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____—» The BWis optimized due to matched

Filters(one from Const. Modulator
block at TX and one at the RX.

—_— __—> The RX signal is not decimated

By selecting the right samples
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12. OPSK - Constellation Modulator in GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/12_constellation_modulator_loopback_gnuradio/constellation_modulator_loopback_jupiter.grc
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12. OPSK - Constellation Modulator in GNU Radio

» Conclusion:

- Using the Constellation Modulator block, the transmitted bits are mapped into 10
symbols and a RRC filter is applied on the Transmitter path, thus the bandwidth used
is optimized
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13. QPSK - Frequency Locked
Loop in GNU Radio

Transmitter:
Configure Sl Interpolate with 16.sps and Matched Shift Call tx() function
— arrayof [ Remap symbols: bit0->-1— : ] — :
SDR : : Filter Spectrum and transmit
bits bit1 ->1
Receiver:
1 f r ~ '| )
Plot Fine (L opEney Selg theAght Adjust the Matched Call rx() function
| andrnhase [ samp.csand [+ ) «— :
data : : frequency offset Filter toreceive data
acjustment recimale

ADDED
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13. QPSK - Frequency Locked Loop in GNU Radio

» Connect Rxand Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

ana oqQ

» In GNU Radio companion app, open from File -> Open:
/home/analog/Desktop/ftc_2024/13_fll_loopback_gnuradio/FLL_loopback_jupiter.grc
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13. QPSK - Frequency Locked Loop in GNU Radio
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13. OPSK Frequency Locked Loop in GNU Radio
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14. QPSK - Symbol Sync
In GNU Radio

Transmitter:
Configure OIEEIE NGB E1 16.sps e Matched Shift Call tx() function
— arrayof [ Remap symbols: bit0->-1— : ] — :
SDR : : Filter Spectrum and transmit
bits bit1 ->1
Receiver:

Finefrequzncy Select the right
< andrrase 1 samplesand |4
ad,ustment decimate

Plot
data

Adjust the .| Matched |__| Callrx()function
frequency offset Filter toreceive data

ADDED
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14. QPSK - Symbol Sync in GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
$ sudo ./start-grc.sh

analog@analog: ~/Desktop
File Edit Tabs Help

F: log

» In GNU Radio companion app, open from File -> Open:

/home/analog/Desktop/ftc_2024/14_symbol_sync_loopback_gnuradio/symbol_sync_loopback_jupiter.grc
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14. QPSK - Symbol Sync in GNU Radio
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14. QPSK - Symbol Sync in GNU Radio

BT D q
fjjiv S — J M-

Received Samples (After Symbol Sync)

s m——— ~== _ (Observe that now all the symbols have the same
T amplitude on the constellation plot but the

imaginary and real parts of the data are still varying

due to a remaining frequency and phase offset.

| H
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o
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14. QPSK - Symbol Sync in GNU Radio
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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 O.
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15. QPSK - Costas Loop
In GNU Radio

Transmitter:
Configure OIEEIE NGB E1 16.sps e Matched Shift Call tx() function
— arrayof [ Remap symbols: bit0->-1— : ] — :
SDR : : Filter Spectrum and transmit
bits bit1 ->1
Receiver:

Fine frequency Select the right
“T| andphase 1 samplesand [«
adjustment decimate

Plot
data

Adjust the .| Matched |__| Callrx()function
frequency offset Filter toreceive data

ADDED
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15. QPSK - Costas Loop in GNU Radio

» Connect Rx and Tx using the SMA cable from the kit by making a loopback between RX1and TX1.

» To open GNU Radio run the following commands:
$ cd /home/analog/Desktop
S sudo ./start-grc.sh

analog@analog: ~/Desktop v A X
File Edit Tabs Help

» In GNU Radio companion app, open from File -> Open:
/home/analog/Desktop/ftc_2024/15_costas_loop_loopback_gnuradio/costas_loop_loopback_jupiter.grc
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15. QPSK - Costas Loop in GNU Radio
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15. QPSK - Costas Loop in GNU Radio
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Observe how the symbols are now separated
as we wanted and the transitions in the Eye
diagrams are less nosy.
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15. QPSK - Costas Loop in GNU Radio

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.

|

Costas Loop Bw [cyc p o —— L o L L o L o ) ' |o.03000 3
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Tx jon [dBfs] - - - - - ~ 00 |3 Rx Gain [dBfs] _ ; A ; 15.0 3]

Observe that the error signal is centered around 0 and the Phase Correction signal sits between 0 and 2*Pi.
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platforms for SDR
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ther open-source software platforms for SDR

DR Angel
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Other open-source software platforms for SDR

134

GORX

https://www.gqrx.dk/
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Welcome to gqrx

Gqrx is an open source software defined radio receiver (SDR) powered by the GNU Radio and the Qt
graphical toolkit.
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Conclusions

In SDR, alot of the signal-processing tasks are moved in software, resulting in a faster development time.

The software is easily portable between our SDRs which allows for a lower cost system for prototyping

(such as Pluto).
There is a lot of open-source software and platforms that can accelerate the development of SDR systems.

The same SDR hardware can be used in multiple applications that in the past needed separate hardware, resulting

in a much lower cost of the system (for prototyping) and development resources.
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