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PlutoSDR installation in MATLAB

« Download MATLAB Add-on for PlutoSDR

| 4 Ada-on Explorer N u X

Contribute | Manage/

| I — « At some point during installation, you need to
: C?‘IT\Tuvni‘c‘avt‘ic‘:ns“Toq‘lbc‘:“)‘( Sup Package for Analog Devices ADALM-Pluto Radio ‘ (45) pI u g PI utOS D R to yo u r P C . CI iC k TeSt

| Prototype and test software-defined radio (SDR) systems using ADALM-PLUTO with MATLAB and Simulink

W . S Connection and make sure that Radio ID Is

Install

i WV € ws (4 u ‘ Download Only.
| oun
Requires .
| Editor's Note: © X . .
re 4. Hardware Setup - X 4\ Hardware Setup - X

This support package is currently unable to download third-party i
| software for MATLAB R2017a and earlier versions. For details and 49 Sioral Processing Toolbos Connect Hardware Test
| workaround, see this Bug Report

MATLAB Release Compatibility

mmunications

® WitiAB RI0T : = Craaiad RR0178 What to Conslder What to Conslder
| U 17b and later versions are unaffected Compatible with R2017a to R2023b 1) Connect the Micro USB Type B end of the cable to the USB port of the You need Micro USB Type B to USB This test will ransmit and receive
| PlutoSDR Type Acable and a host computer with a signals using the radio. We recommend
Platform Compatibility USE port. & [Search and connect that you install antennas on both
| 2) Connect the USB Type A end of the cable to a USB port of the host Q Test transmitter transmitter and receiver ports.
| Communications System Toolbox™ Support Package for Analog Devices® ADALM- Pluto Radio lets you use MATLAB® (J Windows (] macOS (Apple silicon) computer
and Simulink® to design and verify practical wireless systems. Using this support package, you can use ADALM-Pluto %] macOs (Intel) (2] Linux O Test receiver If '‘Radio ID" is 'Not found', disconnect

Radio as a standalone peripheral for live RF data 1/0 using MATLAB functions or Simulink blocks. This lets you quickly
test your transmitter and receiver designs under real-world conditions.

and reconnect your radio and click "Test
Connection" button

Categories

This support package is functional for R2017a and beyond. SonatErocessng Radio Platform | ADALM-PLUTO

— Radio ID usb:0 If the connection tests fail, check that
Serial Number |1044732a9811001500002e00551¢ceba3fa you have antennas connected to your
:s?‘ W‘pe A radio, click Back, and follow the
0 Hos: instructions again.
Micro USB Type B
To Radio
Cancel | | Next> | | <Back | | cancel | | Next> |
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MATLAB Example

* You can make a copy of the MATLAB example by yourself or simply download it. | downloaded a
copy and necessary classes.
* Needs new MATLAB version (2023b) for signal acquisition and tracking objects.

https://jp.mathworks.com/help/satcom/ug/gps-receiver-acquisition-and-tracking-using-pluto-sdr.htmi

c @ https://matlab.mathworks.com

HOME PLOTS VIEW Search (Ctrl+Shift+Space) © Ellarizza ~
L] :@ Refactor ~ [> =] Section Break
Er\jl: @ [l = = @ Po Code Issues % I> @>
New Open Save | Go To R el = Code Control Task Debugger Run KD AR Run Step
- e ~ ~ [ Bookmark ~ B = > section I Run to End =
FILE NAVIGATE TEXT CODE ANALYZE SECTION RUN
<& & & @ & /> MATLAB Drive » Examples > R2023b > satcom »> GPSReceiverAcquisitionAndTrackingUsingPlutoSDRExample -
Files : data_exerm GPSReceiverAcquisitionAndTrackingUsingPlutoSDRExample mbx % i | Debu..
Name /MATLAB Drive/Examples/R2023b/satcom/GPSReceiverAcquisitionAndTrackingUsingPluto SDRExample/GPSReceiverAcquisitionAnd TrackingUsing PlutoSDRExample. mix {3} >
Download these ¢
4— - - - = _=ae - - v
. ; HelpsrGPSNAVDataEncode m \GPS Signal Transmission, Acquisition and Tracking Using B
GPSReceiverAcquisitionAndTrackingUsingPlu PlutoSDR er
er
This example shows how to use an ADALM-PLUTO radio for over-the-air transmission and reception of a Global er
Positioning System (GPS) waveform generated using Satellite Communications Toolbox —
. call stack
Introduction
. . Not paused in
In this example, you use an ADALM-PLUTO radio to perform over-the-air transmission of a composite GPS signal. To depbugger
generate a composite GPS signal, follow these steps
1. Get legacy GPS waveforms from multiple satellites. For more information about how to set the various
Workspace parameters required to generate a GPS baseband waveform, see the GPS Waveform Generation example.
N 2 val s s 2. Add Doppler shift and delay to each satellite waveform, and form the composite signal
: Name i Value nolze i Class
DLLNoi 1 1x1 double .
% — ; — This ADALM-PLUTO radio transmits the GPS baseband waveform in repeat mode. The same ADALM-PLUTO radio
ol x1 ouble
B9 Integrati.. 10000603 11 . can receive the transmitted GPS signal to perform acquisition, and track the code phase and carrier frequency of the
ntegrati.. R e-| X louble
satellites detected from the acquisition operation. The acquisition and tracking shown in this example are for GPS i
FH NavDat... 1321 1x1 double )
EH NumNa... 200 1x1 double Command Window :
EH PLLNGi... 80 1x1 double N
Caused by:
53 PRNIDs  [2;4,11:8] aa double Error using matlab.ui.container.internal.AppContainer/addDocument
Hﬂ Sample... 3410000 1x1 double Duplicate document Tag:/MATLAB
Show\/\ g xi logical E-)V”l\t/EXaleES R?@Bu satcom/GPSReceiverAcquisitionAndTrackingUsingPlutoSDRExample/GPSReceiverAcquisitionAndTrackingUsingPlutoSC
in group editorFile
Hﬂ bbwave  41124600x 41124600x1  double (co
A bitburat... 0.0200 1x1 double M4
» » »

Zoom: 110% UTF-8 LF script
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Contents of MATLAB Example

Configure Simulation Parameters

Generate GPS Waveform
Configure PlutoSDR
Acquisition and Tracking
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Configure Simulation

Parameters

ar
e e it il

% CONFIGURE SIMULATION PARAMETERS

ShowVisualizations = true;

| % Transmitter Configuration
a

% Specify the number of GPS satellites in the waveform
numSat = 4;

% Specify PRN IDs
PRNIDs = [2; 4; 11; 8];

% Set this walue to control the number of navigation data bits in
% generated waveform
NumNavDataBits = 2880;

%5et bit starting index
NavdataBitStartIndex = 1321;
#Sample Rate
SampleRate = 3.41eb6 % samples/s
% Signal delay
sigdelay = [38@.34; 587.21; 425.89; 312.88]; % number of C/A code
| % Initialize peak Doppler shift and rate for each satellite
% This example can track Deppler shift from -18kHz to +1@kHz
peakDoppler = [3589; 4256; 8596; 9568];

dopplerRate = [1880; 580; 700; 508];

.
| oo

% RECEIVER CONFIGURATION

PLLMNoiseBandwidth =
FLLNoiseBandwidth
DLLNoiseBandwidth

I

80; % H

4; % Hz
1; % Hz

time
le-3; %

% PLL integration

IntegrationTime = seconds

chips delay

ratory

— For Generating IF data later

— For Acquisition and Tracking later




Generating GPS Waveform

% GEMERATE GPS WAVEFORM
% transmitting frequency will be at 2.41 GHz
% to avoid interference with real signals

numBitsForDelay = 1;

% Initialize output waveform
resultsig = 8;

% Generate waveform from each satellite
for isat = l:numSat
% Create the legacy navigation (LMAV) configuration cbject

lnavConfig = HelperGPSHavigationConfig(“SignalType", "LIAV™, "PRNID",PRNIDs(isat)); — Generate Navigation data ObjeCt

% Generate the navigation data bits from the configuration object

lnavData - HelperGPSNAVDataEncode(lnavConfig); —»  (Create navigation data bit streams
% Configure the GPS waveform generation properties

t = lnavConfig.HOWTOW*6; % First get the initial time

% HOWTOW is an indication of the next subframe starting point. Because

ar

% each subframe is 380 bits long, you must subtract 388 bits from the

ar

% initial value to get the starting wvalue for the first subframe. This

ar

% value can be negative as well. Because bit is of a 28 millisecond

% duration, to get the time elapsed for bits, you must multiply the bit
% index by 20e-3;

bitDuration = 2@e-3; % seconds

pCodeRate = 18.23e6; % Hz

numPChipsPerNavBit = bitDuration*pCodeRate;

navdatalen = length(lnavData);

offsetTime = mod(MNavdataBitStartIndex-381, navdatalen)*bitDuration;

inittime = t + offsetTime;

% To model delay, get one extra navigation bit from the previous bit

navBitIndices = mod(NavdataBitStartIndex+(-1*numBitsForDelay: (NumNavDataBits-1)), navdatalen);
navBitIndices(navBitIndices==8) = navdatalen;

navbits = lnavData(navBitIndices);

navdata = 1-2*navbits;

upSampledilavData = repelem(navdata, numPChipsPerMavBit, 1);

ratory



Generating GPS Waveform

8@
81
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189
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% Generate P-Code and C/A code
pgen = gpsPCode("PRNID", PRMIDs(isat), "InitialTime"”, inittime,

"OutputCodelength", (NumNavDataBits+numBitsForDelay)*numPChipsPe-NavBit)

pcode = 1 - 2*double(pgen());

% Reduce the power of the I-branch signal by 3 dB, per IS-GPS5-28@ [1].

% See table 3-Va in [1].
isig = pcode/sqrt(2);

cacode = 1 - 2*double(gnssCACode(PRNIDs(isat), "GP5"));

numCACodeBlocks = (NumNavDataBits + numBitsForDelay)*bitDuration*le3;
caCodeBlocks = repmat{cacode(:), int64({numCACodeBlocks), 1);

% Because C/A code is 1@ times slower than P-code, repeat each sampla
% of C.A code 10 times
qsig = repelem{caCodeBlocks, 18, 1);

% Generate the baseband waveform
gpsBBWaveform = (isig + 1j*qsig).*upSamplediavData;

% Initialize the number of samples per bit
numSamplesPerBit = SampleRate*bitDuration;

% Introduce Doppler
numSamplesGPSEB = length(gpsBBWaveform);
sampleIndices = (8:(numSamplesGPSBE-1));

ph = sin(dopplerRate(isat)*samplelndices/(peakDoppler(isat)*18.23eh));

phase = 2*pi*(peakDoppler(isat)”"2)/dopplerRate(isat)*ph;
bbwave = gpsBBWaveform(:).*exp{li*phase(:));

# Rate match the generateed signal to the radio sample rate
[upfac, downfac] = rat(SampleRate/18.23e6);

upgcode = repelem{bbwave,upfac,1);

gpsWaveform = upgcode(l:downfac:end);

% Get the number of samples for delay
caClodeRate = 1.823e6;
numDelaySamples = floor(sigdelay(isat)*SampleRate/caCodeRate);

128
121
122
123
124
125
126
127
128
129
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% Add delay to the signal by keeping samples of the previous bit at :he
% beginning of the signal
delayedSig = gpsWaveform(numSamplesPerBit-numDelaySamples+l:end);

% Remove the final samples to make all signals of equal length
delayedSig = delayedSig(l:end-numDelaySamples});

% Get the composite signal by adding the current satellite signal
resultsig = resultsig +delayedSig;




Configure PlutoSDR

#% CONFIGURE PLUTOSDR

# Configure Pluto radioc transmitter

fs = SampleRate;
foc = 2.41e9;
tx = sdrtx( Pluto’);

tx.CenterFrequency = fc;
tx.BasebandSampleRate = fs5;
tx.Gain = -33;
transmitRepeat(tx, resultsig);

# Configure Pluto radio receiver

rx = sdrrx(”Pluto”);

rx.CenterFrequency = fc;

rx.BasebandSampleRate = fs;

rx.5amplesPerFrame = 182380,

rx.OutputDataType = "single”;

recordDuration = 8.7; % time duration for receiving data, in seconds

rxwaveform = [];

ovrflw _Cnt = 8; ¥ count number of overflows to check discontinuities in reception
loopCnt = round(recordDuration/(rx.SamplesPerFrame/fs));

for i = loopCnt
[yl,~,0f] = rx();
ovrtlu _Cnt = of+ovrflu _Cnt;
rxwaveform = [rxwaveform; yl];
end

release(tx);
release(rx);
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Acquisition and Tracking

% ACQUISITION AND TRACKING
initialsync = gnssSignallAcquirer;

initialsync.SampleRate = SampleRate;

% Consider data that is 1 millisecond long.

numSamples = ceil{SampleRate*IntegrationTime);
[allRxInput,prevSamples] = buffer(rxwaveform,numSamples);
nFrames = size(allRxInput,2);

numdetectsat = @;

PRNID=sToSearch = 1:32;

for iBuffer =

bufferlave =

1:nFrames
allRxInput(:,iBuffer);

if iBuffer == 1
# This example assumes a hot start for all the satellites. Hence,
% acquisition performed only once in this example. When decoding
#% the almanac data, based on the available satellites, you can
# perform acgquisition for the visible satellites only.
numsamplesForInitSync = SampleRate*le-3; % 1 milliseccond
[v,corrval] = initialsync{bufferWave(l:numSamplesForInitSync),1:532);
PRNIDsToSearch = (y(y(:,4).IsDetected,1).PRNID).";
doppleroffsets = (y(y(:,4).IsDetected,2).Frequencylffset).";
codephoffsets = (y(y(:,4).IsDetected,3).CodePhaselffset).";

% In general, almanac files offer information about available

% satellites. Because this example does not perform data decoding,
# it depends on the acquisition results for satellite detection.
length(PRNIDsToSearch);

numdetectsat =

Only 1 ms of data is used for acquisition

end

disp(['The detected satellite PRN IDs:
if (numdetectsat~=8)
if ShowVisualizations ==
figure;

" num2str(PRNIDsToSearch)])

mesh(initialsync.FrequencyRange(1):initialsync.FreguencyResolution:initialsync.FrequencyRange(2),
@:size(corrval,1l)-1,corrval{:,:,1));

xlabel({"Doppler Offset")
ylabel("Code Phase Offset")
zlabel({"Correlation™)
msg = "Correlation Plot for PRM ID:
title(msg)

end

" + PRNIDsToSearch(1l);

end

% Initialize all the properties which must be accumulated.

accuph = zeros(nFrames,numdetectsat); % Each column represents data from a satellite
accufqy = zeros(nFrames,numdetectsat);

accufqgyerr =
accupherr = zeros(nFrames,numdetectsat);
accuinteguwave =
accudelay = zeros(nFrames,numdetectsat);
accudelayerr =

zeros (nFrames,numdetectsat);
zeros(nFrames,numdetectsat);
zeros(nFrames,numdetectsat);

% Create the signal tracker object that tracks phase, freguency
% and delay in the signal
carrierCodeTrack = gnssSignalTracker;

SampleRate = SampleRate;
IntermediateFrequency = @;
PLLMoiseBandwidth = PLLNoiseBandwidth;
FLLMoiseBandwidth = FLLNoiseBandwidth;
DLLMoiseBandwidth = DLLNoiseBandwidth;
IntegrationTime = IntegrationTime;
.PRNID = PRNIDsToSearch;
.InitialFrequency0Offset = doppleroffsets;
.InitialCodePhase0ffset = codephoffsets;

carrierCodeTrack.
carrierCodeTrack.
carrierCodeTrack.
carrierCodeTrack. -
carrierCodeTrack. TraCkIng part
carrierCodeTrack.

carrierCodeTrack
carrierCodeTrack
carrierCodeTrack




Acquisition and Tracking

[integwave,trackInfo] = carrierCodeTrack(bufferlave);

% Accumulate the walues to see the results at the end
accuintegwave(iBuffer,:) = integwave;
accufgqyerr(iBuffer,:) = trackInfo.FrequencyError;
accufqy(iBuffer,:) = trackInfo.FrequencyEstimate;
accupherr(iBuffer,:) = trackInfo.PhaseError;
accuph(iBuffer,:) = trackInfo.PhaseEstimate;
accudelayerr(iBuffer,:) = trackInfo.DelayError;
accudelay(iBuffer,:) trackInfo.DelayEstimate;

Dump of tracking results

end

if ShowVisualizations == 1
for isat = 1 % To see tracking results for all the detected satellites by using above line
groupTitle = ['Tracking Loop Results for Satellite PRN ID:", ...
num2str(PRMIDsToSearch(isat))];

figure

% Plot the frequency discriminator output
subplot(2,1,1)

plot(accufgyerr(:,isat))
xlabel('Milliseconds")

ylabel( 'Frequency Error’)
title('Frequency Discriminator Output')

% Plot the FLL output
subplot(2,1,2)

plot{accufgy(:,isat))
xlabel('Milliseconds')
ylabel('Estimated Frequency Offset’)

S e Plot of Tracking results

figure

% Plot the phase discriminator output
subplot(2,1,1)
plot{accupherr(:,isat})
xlabel('Milliseconds")

ylabel('Phase Error')

title('Phase Discriminator OQutput’)

% Plot the PLL output
subplot(2,1,2)
plot{accuph(:,isat))
xlabel('Milliseconds')
ylabel('Estimated Phase')
title('PLL Output')

ratory



Code Phase Offset
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Correlation Plot for PRN ID: 8
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Results

PLL Tracking Loop Results for Satellite PRN 1D:8 DLL Tracking Loop Results for Satellite PRN ID:8
05 Phase Discriminator Qutput 04 Delay Discriminator QOutput
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Results

4\ Constellation Diagram - O x

MEASUREMENTS

Quadrature Amplitude

In-phase Amplitude
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