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Key topics

= Signal Processing methods (e.g. digital filtering, spectral analysis)
= Machine Learning algorithms (e.g. classification)

= MATLAB environment “enablers” (e.g. language, visualization, Apps,
documentation)

= Flow from predictive algorithms to embedded implementation
(e.g. DSP system simulation, automatic code generation)
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Sensor Analytics Workflow
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Signal analysis for classification

= Mobile sensing

= Structural health monitoring (SHM)
- Fault and event detection

= Automated trading

« Radar post-processing

= Advanced surveillance
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Example: Human Activity Analysis and Classification

Feature

Extraction S @

Classification P

Dataset courtesy of: 1
Davide Anguita, Alessandro Ghio, Luca Oneto, Xavier Parra and Jorge L. Reyes-Ortiz.

Human Activity Recognition on Smartphones using a Multiclass Hardware-Friendly Support Vector Machine.

International Workshop of Ambient Assisted Living (IWAAL 2012). Vitoria-Gasteiz, Spain. Dec 2012
http://archive.ics.uci.edu/ml/datasets/Human+Activity+Recognition+Using+Smartphones
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Sensor Data Analytics Workflow — the bigger picture

———

(BN Y%+ D0 BRHORE (N

Walking
WalkingUpstairs
WalkingDownstairs
Sitting

Standing

Laying

"4 Filter Design & Analysis Tool - [untitled.fda *]
| File | Edit  Analysis Targets
L D&l

View Window Help

Current Fiter Information

Structure: Direct-Form i,
Second-Order
Sections

Order. 7

Sections 4

Stable: Yes

Source:  Designed

Magnitude Response (dB;

)
S

Magnitude (dB)
IS
S

|
60
N

05

1 15
Frequency (Hz)

Fiter Order-

O |Lowpass
© |tiighpass
) Bandpass
© Bandstop

O | pifferentiator
Design Method

@ © IR | Chebyshev Typ.
O FR
@ B Equiripple

(©) Specify order: |10

© Minimum order

Frequency
units: [Hz v

Fs: |50

Opt

Match exactly: |stopband

Fstop: [

4\ MathWorks'

4\ Clssfiction Leaner - Scater Plot

CLASSFICATION LEARIER

R ¢ [¢] « < [ Rrame

b pews s || cesw | rre Tian e o e
&% = o

FLE | FEATURES CLASSIFIER TRAINING ewoRt |

Data Brouser
v tistory

Tree
Smple Tree:

S
Quadiatic s

=
<
< 1000
3

3
1 500

KN
Corze N

0
Jan 2004

400

Apr 2004 Jul 2004 Oct2004  Jan 2005

200

0

-200

-400
Jan 2004

Apr 2004 Jul 2004 Oct2004  Jan 2005

2| Fpass: |

il

Designing Filter ... Done

Design Fiter

< Curentmodel

Type:Suppot Vector Machine.

Quadatic M
Dita Transtormtion: None
Status: Trained

Signal Machine

Processing Learning

Scater Pt
Varible on Xaxi:

Totshcaxtiesn 5

Varible on Y axi:

Totshceziiesn =

Legena
Correctly cassiied
o1

2
© 3

Misclassifid - e class is:

X 1
2

% 3

7] show Cissitier Results
Clssier Rosuts

Colorof misclassified points
represents:

True cass =

TotalAceZMean

 Domain knowledge
» Open-ended problem
* Long discovery cycles

« Built-in algorithms

« Concise code (54 lines for 66 features!)
« Apps and visualisation accelerate insight

function feat = featuresFromBufferOffline(at, fs)
% featuresF:
2
3

mBuffer Extract vector features

yright 2014-2015 The MathWorks, Inc.

% Initialize featur
feat = zeros(1,66);

vector

rage value in signal buf
1:3) = mean(at,1);

feat

-

% Initialize digital filter
fhp = hpfilter;

ve gravitational contributions with digital
ab = filter(fhp,at):

% RMS value in signal b
feat(4:6) = rms(ab,1);

three

% Rutoc lation features for all three acceleration
% height main peak; height and position of second pej
feat(7:15) = autocorrFeatures(ab, fs):;

% Spectral peak features (12 each): height and posi
feat(16:51) = spectralPeaksFeatures(ab, £s):;

% Spectral power features (5 each):
$ and pre-def d frequency bands
feat(52:66) = spectralPowerFeatures(ab, £s):;

$ -—— Helper
function feats

tions
autocorrFeatures(x, fs)

function feats = spectralPeaksFeatures(x, £fs)

function feats = spectralPowerFeatures(x, £s)
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Sensor Data Analytics Workflow — the bigger picture

Connect and Signal
Acquire Processing

Machine
Learning

Hardware Support

Different tools and environments
Disconnect between hardware and analysis
Inefficiencies in data sharing

Overview Search Hardware Support Request Hardware Support

iPhone and iPad Sensor Support from MATLAB
Use MATLAB to acquire accelerometer, magnetometer, gyroscope,
in sensors on your iPhone or iPad.

. Android Sensor Support from MATLAB
MATLAB Connects to DAQ interfaces and b honeand P Snsr Supper Fom NATLAG
Samsung GALAXY Android Support from Simulink

Sensors directly_ E_g_ iPhone and iPad Supponf_rom ?imulink
» Android Sensor Support
» iPhone and iPad Sensor Support Bk v on Aot P e ¥

the MATLAB Support Package for Apple iOS Sensors,
you can log data or query the most recent data
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Sensor Data Analytics Workflow — the bigger picture
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 From Machine Learning theory to pre-
trained, low-footprint classifiers
« MATLAB vs. C/C++

« Streaming algorithms, data sources and
visualization for System modelling and simulation
« Automatic code generation

nnnnnnnn




Leverage Built-in Algorithms, Apps, and Technologies

- Signal Processing Toolbox™

e - : = cheby?2
Built-in algorithms and Apps to process and g lty
: - filter
analyse signals
= rms
2 (o, @) . -Qtan(:r Q’) | ) PwelCh
2 Cy\©s - @=2tan * 7, . .
e el T periodogram
\H(Jw)\ 1 +¢ Cn\©s £
i = XCOoV
cost cos ™ @) S \\(:\ o, = findpeaks
CN(w,/w) - \Cosh[N cosh ™ (@)% y = ( )e—.i‘erfn"'Ff P P
pﬂ(szm\z‘o-l, [ ]
f =k’F.u_ p=01,..N-1
J N_pZ"H | 1 N1y v 0
xn+m)—_— e 1N
Coylm)=¢ 35 ( ) N i:ZO i ]{y,, _ﬁlé J’;] mz0

¥
€y (=112)
m<(

4@\ MathWorks

11



&\ MathWorks:

Leverage Built-in Algorithms, Apps, and Technologies

= Signal Processing Toolbox™

- Parallel Computing Toolbox™ - parfor
Accelerate computationally and data-intensive
problems using multicore processors, GPUs
and computer clusters
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Leverage Built-in Algorithms, Apps, and Technologies

= Signal Processing Toolbox™

>> classificationlLearner

= Parallel Computing Toolbox™
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Leverage Built-in Algorithms, Apps, and Technologies

= Signal Processing Toolbox™

= Parallel Computing Toolbox™

= Statistics and Machine Learning Toolbox™
= Neural Network Toolbox™

Functions and apps to design, train,
visualize, and simulate neural networks

= >> nprtool
= patternnet

4\ Neural Network Training (nntraintool) | o @ W|&|
Neural Network
Hidden OQutput
Input E |i Output
66 6
18 6
Algorithms
Data Division: Random (dividerand)
Training: Scaled Conjugate Gradient (trainscg)
Performance: Cross-Entropy (crossentropy)
Calculations: MEX
Progress
Epoch: 0 |- 131 iterations | 1000
T | 0:00:02 |
Performance: 0.613 0.0316 0.00
Gradient: 0942 1.00e-06
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Leverage Built-in Algorithms, Apps, and Technologies

= Signal Processing Toolbox™
= Parallel Computing Toolbox™
= Statistics Toolbox™

= Neural Network Toolbox™

- DSP System Toolbox™
Streaming algorithms, data sources and
visualization for system modelling and
simulation

= BiquadFilter

= MatFileReader

= Autocorrelator

= SpectrumEstimator
= TimeScope
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Leverage Built-in Algorithms, Apps, and Technologies

Signal Processing Toolbox™
Parallel Computing Toolbox™
Statistics Toolbox™

Neural Network Toolbox™
DSP System Toolbox™

MATLAB Coder™

function predictedActid = predictActivityFromSignalBuffer(at, fs,

$ Extract feature vector

>> codegen

rawf = featuresFromBuffer(at, £s):;

f = (rawfi-fmean)., ..

$ Classify with nt 16
scores = mynn(f') 17

$ Interpret result 18

§ the activity

[~, predictedActit *

end

Generate embeddable source C/C++

from MATLAB code
(Learn more: MATLAB to C Made Easy webinar)

/* Function Definitions */

LXCract Ieacure veccor

* Arguments : const double at[384]
double f=s
const double fmean[66]
const double fstd[66]
* Return Type : doubls

fmean, f3
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double predictActivityFromSignalBuffer (const double at[384], double f£fs,

{

double fmean[&€], conat double £std[e€])

double rawf[&€];

double b_rawif[&€];

int ixstart;

double scores([&];

double mtmp;

int itmp;

int ix;

beolean T exitgl;
featuresFromBuffer(at, £s, rawf);

c 3 -

* Classify with

neurzsl network */

for (ixstart = 0; ixstart < ©€; ixstartc++) {
b_rawf[ixstart] = (rawf[ixstart] - fmean[ixstart]) /

f£fstd[ixstart];
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Signal Processing and Machine Learning
Techniques for Sensor Data Analytics

- Extensive set of de-facto standard functions for
signal processing and machine learning

« Environment accelerates insight and automation:
visualisation, apps, language, documentation
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= Path to embedded products, from on-line
simulation to automatic code generation
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