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System level design
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Algorithm design
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A toy example

Burst 1 (433.67 MHz)

/ Burst 2 (434.25 MHz)




Building an algorithm

Need to listen for a specific tone (FFT?)
Probably need some cleaning up (filtering?)
Need to output a frame of data adequate for the decoder

A4

Use a buffer for the output. Fill it with the input (filtered).

Take the FFT of a snippet of the buffer to listen for that tone.
One FFT, one filter, one buffer
Constants (buffer lengths a.s.o)

Initially, reserve buffer memory, set up filter




A traditional way of working

clear
close all |[while H*ii <= length(x)
u o= ®x(H*[ii-1)+1:H*ii);
load myCapturedData.mat nn = BufferlLength - FrameLength:
FrameDuration = 150e-3; Buffer(l:nn) = Buffer(end-nn+l:end):;

H = 2"floor (log2 (FrameDuration®*f=s) )
T =HN/fs; % Frame duration
fo = 433.7e6;

Buffer(nn+l:end) = step(sLPF, u):
x]1 = complex (Buffer(l:5canlength)):

SampleRate = f£3;
Bufferuration = 250e-
MaxScanDuration = 10e-
Threshold = 100;
PazsbandFrequency = 50 f of vector)
StopbandFrequency = 75

(zecond half of wector)

warning off

FrameLength = H;
BufferLength = ceil (Bu
ScanLength = 2"floor (1l
Buffer = complex (zeros
sLPF = dsp.LowpassFilter
'PassbandFrequency', PassbandFrequency,

gpectrum(Buffer)

'StopbandFrequency ', StopbandFrequency) ; drawnow

if trigger

numbet = 0; numDet = numDet + 1;
i1 = 1: diszp(['Detcection " numZstr (numbDet) ' occured!'])
disp(['Frequency: " mumZstr (f+fc)])
end
ii = ii + 1:

cend



A traditional way of working

clear

close all |[while H*ii <= length(x)

u = X(N*({ii-1)+1:N*ii);
nn = BufferlLengt
Buffer(l:nn) = Bu
Buffer (nn+l:end)
X1 = complex (Buff
X = ffc(xl):

load myCapturedData.mat

FrameDurati = 150e-3;

H = 2"floo 2 (FrameDuration®*f=))
duration

FrameLength;
nd-nn+l:end) ;

T = ScanLength/SampleRate;
if i «= ScanlLength/2

£f = (i-1)/T:; % Positive frequencies (first half of wvector)
else

f = [(i-Scanlength-1)/T; % Hegative freguencies (second half of vecthr}
warning off end
if Emax » Threshold*Emean && (E£~=0)

FrameLength = H; trigge

BufferlLength = ceil (BufferDuration*SampleRate) »
Scanlength = 2°floor (log2 (MaxScanDuration®*SampleRate) ) »
Buffer = complex (zeros (BufferLength, 1));

else
trigg

end
sLPF = dsp.LowpassFilter|('SampleBate', SampleBRate,
'PassbandFrequency', PassbandFrequency, spectrum(
'StopbandFrequency', StopbandFrequency) ; drawnow

if trigger
numDet = numDet + 1;
diszp(['Detcection " numZstr (numbDet) ' occured!'])
disp(['Frequency: " mumZstr (f+fc)])

end
ii = ii + 1;
cend



gorithm/testbench separation

* File Access
e Low-Cost Hardware
* High-End Instruments

* File Access
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System Objects

* Designed specifically for implementing and simulating dynamic systems with
inputs that change over time

* Use internal states to store past behavior, which is used in the next
computational step

* Optimized for iterative computations that process large streams of data, such as
signal processing and audio systems

Many System objects support:

v Fixed-point arithmetic

v'C code generation

v'HDL code generation

v'Executable files or shared libraries generation



« MATLAB R2016a
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The System Object template

classdef Untitled < matlab.System

properties

end

% Pre-computed constants
properties (Access = private)

end

methods (Access = protected)
function setuplmpl (ob]j)
% Perform one-time calculation=s, =such as computing constants

end

function v = steplmpl (obj,u)
% Implement algorithm. Calc
% di=screte =tates.

¥ T dr
end

end
end

DEMO



Scopes
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Low-Cost Hardware support

DEMO



summary

e Separate algorithm from testbench!

e System objects provide a framework for efficiently working with
streaming data

e System objects provide a seamless way of integrating MATLAB
components into Simulink

* Low-Cost Hardware support provides cheap real-world data access



