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Overview

« Challenges developing RF Sensor Systems

* Analysing RF data streams

* Designing RF components and algorithms

« Simulation of RF Systems
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Challenges with Developing RF Sensor Systems

Antenna, Antenna arrays Mixed-Signal Algorithms
Non-isotropic pattern, coupling, edge effects Continuous & discrete time, jitter,
Array Perturbations finite precision
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Challenge 1: How can | test the effect
of all of these RF impairments on my
system performance?
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Challenges with Developing RF Sensor Systems
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Detecting Signal Interference in MATLAB
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Amwillerts Demaos! Signal Pracessing \ ML _Streaming EXPOVemion CoexistenceProblem_Initial m

CoexsstenceProblem _Indtial.m

close =11
clear all

% Give a2 handle tco the data file

Fa = 15360000;

fxlednms-d}'p.B:.na:yFileReadet( ‘Filename', ‘Ccexistence.bin’, 'SamplesPezFran=',3072, ‘IsDataCaomplex’, true);
% Define rhe spectrum analyser

apectrumscope = dap.SpectrumAnalyzer('SampleRate',Fs, 'SpectrumIype’, 'Power densicy', 'Powerinice', 'dBW');

;_fcr i=1:1000
while ~isDene(filedara) T Load in the data frame by frame

% Load in and visualise the data frame-by-frame
data_step~atep(filedata)’
step |(spectrumscope, date_step);
pause(0.1)
r end
reset (filedata)
end
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Edaor - Cmwillers Demast Signal Processing \ ML _Streaming_EXPOVersion CoexistenceProblemV2. m -_

CoexsstenceProblemV2.m

. close =11 TD
= clear all

* Give a handle to the data file

F3 = 15360000;

- filedata=dsp.BinaryFileReader('Filenams=', ‘Ccexistence.bin’, 'SamplesPecFran="',3072, ‘IsDataCaomplex’, true);
% Define vhe spectrum analyser

o gpectrumscope = dap.SpectrumAnalyzer('SampleRate',fs, SpectrumIype’, 'Power dengicy', 'FowerlUnictae', 'dBW');

-Amqamauun14
'

10 - spectrumacope. SpectralMask.EnabledHasks = 'Upper':
13 = upperMask = [-Fs/2 -110; -2.5=6 -110; -2.5e6 -85; 2.5e6 -85; 2.5e6 -110; Fs/2 -110];
12 - set (spectrumscope. SpectralMask, "UppezMask', upperMask) ;
13 - release (apectrumscope) ;
14
15 A Define 2 apectral mask according to some apecification
16 - spect:al_m:k = -110%cnes {1024,1);
3= spectral mask(346:(1024-346)) = -85;
18
19 = record frame = []:; % Record frames which fail TC meet specificazion
20 - framenumber = 1; % Imitiaiias the frame number
21 - PLOTFRAME = 33; % Ploc ectrum at this frame number
22
23— -ifer 1=1:1000
- G while ~isDone(filedata) ¥ Load in che daca frame by frame
25
26 i Load in end visualise the data frame-by-frame
= data stepestep(filedata);
28 - avep {gpectrumscope, data_step);
23
30 % Compare frame against mask. If fails then record frame number. LS
31 = welch data = 10%logl0(pwelch(data_step, [1,(],[],Fs, 'cencexed'));
32 = if sum(welch data>spectral mas=k)>0
3= record frame = [record frame;framenumber];
34 - end
35
36 & Flot the Welch PSD of the frame 1f PLOTFRAME
37 - if framepumber == PLOTFRAME
38 - [welch data,freq bins] = pwelch(data_step,1024,0,1024,%s, "cencezed');
39 - figure
40 - plot(freq bins,10*10gl0(welch_data},freq bina, spectral maak):
4 - end
42
43 3 Advance frame number
44 - framenumber = framenumber + 17
45 —~ end v
s e, PP G
| script [th 0 col 74
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Rejecting Interference using Antenna Arrays
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E; Live Editor - Cimwaillert\Demeos\PhasedArmray_Antenna\ CalibrationDemo\Detection_Estimation_Reception_Example.mix

AaBbCc

. PME AVIGATE I
Detection_Estimation_Reception_Examplemb 0 | 4

Define Scenario Setup for Array and Sources

fc = 2e9; % Frequency

lambda = 3e8/fc; % Wavelengthl

N=6; % Number of array elements

L=1660; % Number of snapshots

harray = phased.ULA( 'NumElements’ M, 'ElementSpacing’,lambda/2);

DOA=[20 40 60;0 0 8]; % Sources at 20, 40 and 60 degrees Azimuth and @ degrees elevation
viewArray(harray)

Generate received signals and construct covariance matrix

x
R

sensorsig(getElementPosition({harray)/lambda,L,D0A,db2pow(-10)).";
w*x' /L

Detection Algorithm (How many signal sources)

nsig = aictest(x.')

Estimation Algorithm (What are the unknown source parameters)

az_range = -00:90;

z = musicdoa(R,getElementPosition(harray)/lambda,nsig,-90:90);

| peakval , peakpos |=findpeaks(z, 'NPeaks' ,nsig, ‘SortStr’, 'descend’);
DOA_Est = sort{az_range(peakpos));

plotmusic(z,DOA)

Reception Algorithm (Receive the signals)

wl = superresolution_beamformer(getElementPosition(harray)/lambda,DOA_Est(1),D0A_Est(2:end));
plotbeamformer(harray, fc,wl,D0A)
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Sensitivity Analysis of Array Systems
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Challenge 4: What effect do array
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Hormal Heading Title
TEXT ETYLE RN

Detection_Estimation_Reception_Example WithUncertainties.mbe 0 | 4 |

Define Scenario Setup for Array and Sources

fc = 2e9; % Frequency

lambda = 3eB/fc; % Wavelength E}

N=6; % Number of array elements

L=1000; % Number of snapshots

harray = phased.ULA('NumElements' N, ‘ElementSpacing',lambda/2});

DOA=[208 48 6B;0 6 8]; % Sources at 20, 40 and 60 degrees Azimuth and 0 degrees elevation
rng{1001)

Generate and Visualise Perturbations

sensorPert=zeros(3,N);

sensorPert(1:2,2-end)=0_2*rand(2,N-1);

sensorPos = getElementPosition(harray)/lambda + sensorPert;
plot{sensorPos(1, : )*lambda,sensorPos(2,:)*lambda, ' .", '"Markersize',13)
axis{]-5 5 -5 5]*lambda)

xlabel{"x i(meters)”)

ylabel('y i(meters)’)

Generate received signals and construct covariance matrix

sensorsig(sensorPos,L,DOA, dbZpow(-28)) . ";
x*x"'fL

X
R

Detection Algorithm (How many signal sources)

nsig = alctest(x.')
Estimation Algorithm (What are the unknown source parameters)

az_range = -99:90;
z = musicdoa(R,getElementPosition(harray)/lambda,nsig, -90:90);

MATLAB EXPO 2016
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Investigating Antenna Patterns, Coupling and Edge Effects

4 Figure1 = [m] X
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Challenges 5: What is the I
radiation pattern of this antenna? .
Challenge 6: What is the effect of .
putting this antenna in an array?

MATLAB EXPO 2016 oo

17



4 MATLAB R2016b

4\ MathWorks
I A

(M Search Documentation pi

ey

<= 5 | » G mwillet » Demos » PhasedAray_Antenna » CalibrationDemo » Antenna > 8
| Current Folder ®  Command Window ®
| [ Name Date Modified New to MATLAB? See resources for Getting Started. x
Je >>
e

 Details A

| Workspace ®

Name ~

Value
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Investigating Antenna Patterns, Coupling and Edge Effects

& Figure1 - [m] X —
4| Figures - Figure 1 - m] X
File Edit View Insert Tools Desktop Window Help
NDEdS BAR me P R0E a0 File Edit View Inset Tools Debug Desktop Window Help ] ‘ 2 x
DS | LRKRUDL-S|0E|eD HOE SO
3D Directivity Pattern —
1 - | Figure1 Xl
2 0.8
Az 0
190 06 0
T T I T T T T '] =—Independant Isolropic Elements
04 | === Patch Microstrip Array
8 Independent
> 10 N
o £ |
X 2 8
@
2 a0 025 ements
EI0 ELO
-0.4 20 -
-06
-0.8
30 N
-1
4 Figure 1 - Bl X 401 N

File Edit View Insert Tools Desktop Window Help

NEde R ANUILL- G 08 nd

60

Normalised Radiation Pattern (dB)

Z Non-independent ° '
: Elements T ’

Azimuth (degrees)

-1

[V] Show Antenna

MATLAB EXPO 2016

20



| 4\ MathWorks

Challenges with Developing RF Sensor Systems

Antenna, Antenna arrays Mixed-Signal Algorithms
Non-isotropic pattern, coupling, edge effects Continuous & discrete time, jitter, ~ FINité precision loss, latency,
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Measuring the effect of non-linearity within an RF Frontend

Phase Noise Non-linearity

Carrier Leakage Impedance Mismatches

Challenge 7: What effect do RF impairments have on out of band leakage?

MATLAB EXPO 2016
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I\/Ieasuring the effect of non-linearity within an RF Frontend

£ Conflgu QBAM rate 3/4)

o LTE

llllll Tr=ansrﬁ|tter

firpm(Fil tOrd, [0 2.25e6*2*SampleTime 2,7e6*2*SampleT.

LTE System Toolbox

'WW\’M n

MM *‘W M \M“WM “'M

$ Compute and display EVM me
oo e e
evmpeak( EV I\/l .Peak;
evmrms

A C LR

figure

—>

Jplot ((1:N), 100*evmpeak)

LTE System Toolbox

Is View Simulstion Help

B-Ok®| - Q- LKW LEE

Challenge 7: What effect do RF impairments have on out of band leakage?
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E Editor - C\mwillert\Demos\RR\DPD_LTE\LTE_Testbench_EVM_ACLR Script.m

@) This file can be opened as a Live Script. For more information, see Creating Live Scripts. X
1-  model = 'PA Ideal'; gl |
2 Imodel = ‘PA‘:

3 - open_system(model);

4

S %% Initialization LTE testbench + RF receiver component
(3 % Configuration (TS36.101 RMC R.6, 5MHz 64-QAM rate 3/4)
el rmc = lteRMCDL('R.6');

g

9 § Create eNodeB transmission with fixed PDSCH dacva

10 - rng(2):; % Fixed random seed (arbatrary)
= data = randi ([0 1), sum(rmc.PDSCH.TrBlkSizes),l);

32— {tx, ~, info] = lteRMCDLTool (rmc, data):

13
14 - ExtraSamples = 400; b
15 — rmc.NFrame = 1;

16 - NextFrame = 1lteRMCDLTool (rmc, data):

17 - X = [tx; NexcFrame(l:ExtraSamples)]:

18 ~ FrameLength = length(tx);

19

20 % Write the sampling rate and chip rate to the configuration structure to

21 % allow the calculation of ACLR parameters

F rmc.SamplingRate = info.SamplingRate;

23 - rmc.UTRAChipRate = 3.84;

24 - SampleTime = 1/info.SamplingRate;

25
26 % Calculave ACLR measurement parameters

27 — {aclr, nRC, R_C, BWUTRA] = hACLRParameters(rmc):

28

29 % Apply required oversampling

30 = resampled = UpSamplingFilter(ctx)’

a = FramelLength = Framelength*aclr.OSR;

32 - SampleTime = SampleTime/aclr.OSR:

33

34 2% Simulate LTE frame

35 % Generate test data for RF RX

36 - time = (O:Framelenach+FxtraSamnies) *SamnieTime: e

[ seript tln 4 Col 1

MATLAB EXPO 2016
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of all of these RF impairments on my
system performance?

&\ MathWorks

25



4\ MathWorks

Targeting Signal Processing Algorithms to SDR Platforms

- Execute fixed radio functions on FPGA
- Tunable pre-defined radio parameters
- Easy out-of-the-box experience
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| @
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| o)
. 3
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Anal S le Rate C I : Baseband P - .
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| )
Q
SDR FPGA Hardware ! Desktop Design and Simulation ®
|
|
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Targeting Signal Processing Algorithms to SDR Platforms

« Generate code to implement custom functionality on FPGA
e Customized using HDL Coder

SDR FPGA Hardware Desktop Design

and Simulation

Streaming |
RF 1/0 to/from host |
((@l)))): . I{MA’I‘LAB SIMULINK] N
_|
- | Q
Q
| o)
Analog User-Designed I (g
—> Eront-End > FPGA Algorithms «—> Host Processing —I > Information =
@)
| o
)
|
|
|
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Targeting Signal Processing Algorithms to SDR Platforms

« Generate code to implement custom functionality on
FPGA and ARM
e Customized using HDL Coder and Embedded Coder
« Generate AXI Interface between hardware and software
|

|
P a— L[MA'[‘LAB SIMULINK]

) —reuo :

| Analog R User-Designed L User-Designed
“| Front-End FPGA Algorithms ARM Algorithms

Information

SDR Hardware

\
/?\
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MATLAB EXPO 2014 | NORDI

Ericsson | Tomas Andersson
Radio Test Bed Design Using HDL Coder

Challenge
Implement FPGA based radio signal processing in a small team mainly consisting
of people with signal processing and programming background

Solution ’

Use HDL Coder to generate VHDL for signal processing ’

Results ’

= Successful implementation running on FPGA

= Generated code easy to integrate into main design E Rlcsso N

= Very short lead time for changes in design

Slide from: “Radio Test Bed Design Using HDL Coder”, Tomas Andersson, Ericsson, MATLAB EXPO 2014, Nordics.

For more information see: http://www.matlabexpo.com/se/2014/proceedings/radio-testbed-design-using-hdl-coder.pdf

MATLAB EXPO 2016 -


http://www.matlabexpo.com/se/2014/proceedings/radio-testbed-design-using-hdl-coder.pdf
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Conclusions

= We rely increasingly on more complex sensor systems in our everyday lives

= Engineers developing these sensor systems must overcome many
challenges to ensure the system will reach its desired performance

= Simulation of these systems at the appropriate level of fidelity can help
detect design issues early

MATLAB EXPO 2016
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Questions?

Email: marc.willerton@mathworks.co.uk
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