MATLAB EXPO 2017

Introduction to Signal Processing

Modifying, measuring and extracting
features from signals

Steven Thomsett



r Access

Files

Software

=

ode
Applications

Hardware

o
o
[*)

S

Technical Computing Workflow

Explore & Discover

Data Analysis
& Modeling

Algorithm

By Development

for k=1l:max
X fft (dat
Y 20*logl

Application
Development

« Option 1
J\P “ * Option 2
T NEXT

MATLAB EXPO 2017

Automate

r Share

&2

Reporting and
Documentation

Outputs for Design
) \ )

ot A

Deployment

MATLAB gxccl
exe C/C++

quq.d“

S

4\ MathWorks




&\ MathWorks:

Key Takeaways

- Many signal processing techniqgues are common across workflows and
applications

« MATLAB accelerates algorithm exploration with apps and common
functions

- MATLAB provides the framework to transition from exploration to
Implementation

MATLAB EXPO 2017
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Exploring a signal interactively

4\ signal Analyzer - urﬁjed'

ANALYZER

= Use apps for interactive exploration
[=] Legend ~

DISPLAY TIME

[ clear Dispiay ~ @l

- & F 8 T 8 8 ‘‘° | =b=s

SPECTRUM o

ﬂ ! @ [ Extract signais ~ L i
Min: | 1.511212136e-1

Spectrum  Specrogram | Panner [ Preserve Start Time \

Q& &
Dafagfmialﬁﬂ '

A“ Max:  3.085391445e-1
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= Automatically generate code for e

| MEASURE | zoomsPAN | VIEWS | REGION OF INTEREST | TIME LIMITS
. FoR e [Tve RT TIME w signal
automation NN
|
05
= You can modify and extend this for : ‘. !
reuse or further analysis |
1.0
160 170 180 1% 200 210 20 2% 240 250 260 270 280 290 300
Time (ms)
2
QOHQFMFQH S % set _ fx ] v B DB %EJ“-
LJConpae v GfGoTow Comment % .
% -40
2
mySpectrumm ¢ | + | | g
1 % Compute power spectrum il 14 =
2 &
3 % Generated by MATLAB(R) 9.3 and Signal Proc ing Toolbox 7.5. 0
4 % Generated on: 21-Aug-2017 13:57:57
5 0 2 4 5 8 10 12 14 16 18 20 2
6 % Paramet irii i)
T= timeLimits [0.1794564 0.2219593]; % seconds 0 -
g = | Hz
9 0 50 400 450 500 550 600 650
10 3% -
ki Index into signal time region of interest
Fos signal ROI = signal(:);
33 sampleRate = 44100; % Hz
14— startTime = 0; % seconds
15— minIdx = ceil (max((timeLimits(1l)-startTime)*sampleRate,0))+1;
16— maxIdx = floor (min((timeLimits (2)-startTime)*sampleRate, length(signal ROI)-1))+1;
= signal_ROI = signal_ ROI (minIdx:maxIdx);
18
19 % Compute spectral estimate
20 » Run the function call below without output arguments to plot the results
2= [Psignal ROI, Fsignal ROI] = pspectrum(signal_ ROI, sampleRate,
22 'FrequencyLimits', frequencyLimits);
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Design filters based on specifications

MATLAB EXPO 2017

. . . E Filter Designer - [untitled.fda * Eh
I n teract I Vel y d eS I g n fl I ters b a.S ed O n | File Edit Analysis Targets View Window Help
' : Dedal a0 Dk LN 41 - Bk @RIE
specifications Rja@zanin :
rCurrent Filter Information —Magnitude Response (dB)
0 ﬁ\'
Steture g:zﬁ:g—gmgr’&ctmns @ =0y \
- Order: 22 -
= Can try settings and see the response st 1 g \
i i DUI’CE:Z esigne g'. -60 |
immediately I s |
[ = aof '(\ (\, NN
= Generate MATLAB function when you are — || Y N NA |
tore Filter ... 0 5 10 15 20
hap py ( Filter Manager ... ] Freguency (kHz)
| —Response Type —Filter COrder —Frequency Specifications — Magnitude Specifications
) |Lowpass M (*) Specify order: 10 Units: | Hz | Units: |dB -
l[es| -
I% Ifl rlaneese T (@) Minimum order Fs: 44100 e
FiItE‘r Sig"ﬂl ?' Za”:pass Astopl:
I () Bandstop —Options Fstop1: |5 ass:
() | Differentiator - Match exactly: | stopband - Fpass1: |60 A !
| _Design Method - Astop2: |80
bpFilter = filtPesignerCode; @IR Chebyshev Typs I v Fpass2: (4000
signal_ROI = filter(bpFilter,signal_ROI); G| o weme - Fetop2 (5000
@ Design Filter
Designing Filter ... Done




|~ Live Editor - WCENTRAL-U

LIVE EDITOR

[ Find Files 2 — MNormal - = = Run Section
woE= gx 5] = Bl e
| | .| Compare ﬁ Go To BILUM - @ Run and Advance
Mew Open Save Text ., . Code | [f%  Section Run
u - - Epmt 4 Find ¥ s === Break +Z4 Runto End All
= | naveare =T | £O08 | SECTION T —
| | mySpectrumPlotmix [+ |

Index into signal time region of interest

This code was automatically generated by the Signal Analyzer app.

signal ROI = signal(:);

sampleRate = 44100; % Hz

startTime = @; % seconds

minIdx = ceil(max((timeLimits(1)-startTime)*sampleRate,®))+1;

maxIdx = floor(min((timeLimits(2)-startTime)*sampleRate,length(signal_ROI)-1))+1;
signal ROI = signal ROI(minIdx:maxIdx);

Filter signal

Call the function generated by the Filter Designer app to create a filter and then use it.
bpFilter = filtDesignerCode;

signal_ROI = filter(bpFilter,signal_ROI);

Compute spectral estimate

This code was automatically generated from the Signal Analyzer app.

Leakage = 1;
[Psignal_ROI, Fsignal ROI] = pspectrum(signal_ ROI,sampleRate,
'FrequencyLimits',frequencyLimits, 'Leakage',Leakage);
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Extracting features and metrics from signals

Find peaks

[peakVal, pesaklLoc] = findpeaks(Psignal_ROI, 'NPeaks®,4,'Sortstr', '-.155:&1:')3|
hold on
- plot(Fsignal_ROI(peaklLoc),db(peakVal, "power'), o)
Use common measurement technlques

x1im([23 3246])

to accelerate development yin([-31.6 -11.61)
12 F
= Detect features such as peaks and change 61
points R
= Extract metrics based on statistics or %z |
spectrum &L |l
[ |
-28 ' |
30| |

500 1000 1500 2000 2500 3000
Frequency (Hz)

MATLAB EXPO 2017



\ MathWorks:

INSERT FIGURE VIEW ,B’E‘BE’ (al [c] 2!
Find Files [—| . Normal w Run Section

2 o g @ & 5 2 = 5 >

lgCnmpae anTn B L u M I=1 Run and Advance

Print

MNew Open Save

FILE

| | mySpectrumPlotmix | + |
Find peaks =
The command findpeaks can identify peaks and either plot or return the values for further analysis. @

[peakval,peaklLoc] = findpeaks(db(Psignal_ROI, 'power'), 'NPeaks',4, 'SortStr', 'descend’);
peakFreq = Fsignal ROI(peakLoc);
plot(Fsignal ROI,db(Psignal ROI, 'power'),peakFreq,peakval,’'v’)
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Considerations for transitioning to implementation

Reusing components Find out more about approaches to system modelling

Configuring parameters — Reusing and Prototyping Code to Accelerate Innovation:
Streaming data over Smart Voice Interfaces 14:30
time — Introduction to Simulink and Stateflow 14:00

Automated triggers
Integrating components

-

Gabriele Bunkheila, Jonathan Agg, MathWorks
MathWorks
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|dentify voiced speech

We can identify the transitions between voiced and unvoiced speech using changes in the power
within the frequency band of interest.

signalBuffer = buffer(signal,512,128);

signalBand = bandpower(signalBuffer,fs,[@ 5000]);
changePts = findchangepts(signalBand, "MaxNumChanges',3);
changeTimes = (changePts-1)*384/fs;

timeLimits = changeTimes([1 2]); % seconds o= 7 125
R0 [
1r Second change
I and power 10.16
FES|gna| 20480x1 double =
i 10.14
FES|gna|Buffer 512x75 double & L
0 41 0.1
1 0.08
-05F
1 0.06
41 0.04
1t
1 0.02
15 : : 0
0 0.5 0.6 0.7
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Speaker recognition algorithm
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= Uses common techniques of filtering and spectral analysis to prepare data for
measurements and feature extraction

Filter | Segment Spectrum

Measurements and Features

Mel Filterbank

Speech Signal
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Algorithm development workflow

= Interactive exploration of spectrum

- Generate code for automation

= Design filters based on specifications

= Extract features and measurements

= Moving from exploration to system models
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