fﬁ%%ﬁUMUSOFT“
9.9.2021 Brno

TCC 2021

Al pro zpracovani signalu

ﬁ Jaroslav Jirkovsky
‘5 jirkovsky@humusoft.cz

www.humusoft.cz
Info@humusoft.cz

www.mathworks.com



http://www.humusoft.cz/
http://www.mathworks.com/

Vyvoj umelé inteligence

UMELA INTELIGENCE (Al)

Jakakoli technika, ktera umoznuje strojim
napodobovat lidskou inteligenci

1950s

MACHINE LEARNING

Statistické metody, které umoznuji strojim
,»UCit se“ ulohy na zakladé dat, bez nutnosti
explicitniho programovani

1980s
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DEEP LEARNING

Neuronové sité s mnoha vrstvami, které se

uci reprezentace a ulohy ,,pfimo“ z dat

(X —( )
A,
XL K

CRORGRTAD
NVAV AV

.,‘\."\.

2010s



A HUMUSOFT
Vyuziti Al ve vyzkumu a prumyslu

Neural Networks _J Speech
ANN/CNN/LSTM-HMM/GAN || Decoding

l MEG data acquisition ‘—-I Scalogram }—'
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Currer ield
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Converting brain waves to > . i

speech to help ALS patients o -
communicate
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Seismic Event Detection
Shell

Restoration of arm and

hand control by
processing brain signals
Battelle



https://www.mathworks.com/company/user_stories/battelle-neural-bypass-technology-restores-movement-to-a-paralyzed-mans-arm-and-hand.html?s_tid=srchtitle
https://library.seg.org/doi/pdf/10.1190/segam2019-3215081.1
https://www.mathworks.com/company/user_stories/ut-austin-researchers-convert-brain-signals-to-words-and-phrases-using-wavelets-and-deep-learning.html
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Transformace surovych dat do uzitecné podoby je klicovy krok

Priprava dat
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Nasazeni

(M Embedded zafizeni

% Enterprise systémy

¢ Koncova zafizeni,
cloud, desktop
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Generovani syntetickych a upravenych dat (kdyz jich mate malo)
( Simulace dat s vyuzitim modelu 1 Generovani radarovych odrazu \
a deep learningu YT 60
Priprava dat A’a -|

Cisténi a pfiprava
'||"|||' i Generovani pribéhi Generovani audio dat

pro komunikacni systémy
text2speech
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Original
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Dataset Add reverberation
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Grafické aplikace usnadni oznaCovani a predzpracovani signalu

Priprava dat

Cisténi a pfiprava
i 2

Signal Labeler app

9 Lidsky vhled

-|>Ij__| Data generovana
simulacemi

Signal Analyzer App
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Extrakce priznaku (features) ze signalu
V casové oblasti V casove-frekvencni oblasti
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Vyber a uceni vhodneho modelu

Priprava dat Modelovani Al

Cisténi a pfiprava Navrh a ladéni
I||“| ! dat modelu

moim Hardwarova
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Pristupy k tvorbé Al modelu
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Moznosti a kompromisy pfi vytvareni modelu

Modelovani Al

% Navrh a ladéni
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moi Hardwarova
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Deep learning / transfer learning Manualni extrakce priznakd +
se sitémi CNN nebo LSTM Machine learning
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Moznosti a kompromisy pfi vytvareni modelu
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® NN (napr. deep learning)
svm © o
Boost a Ensemble
ﬁ
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Spoluprace MATLABU a dalsich prostredi

1F TensorFlow +Q“’Caﬂ’eZ O PyTorch

Keras \ I /

Modelovani Al ‘ | [ l [ |
Keras importer 4\
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Hardwarova akcelerace a Skalovani jsou dulezité pro uceni
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Dokonceni procesu vyvoje Al — nasazeni modelu

Priprava dat Modelovani Al Nasazeni
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: == Hardwarova
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9 Lidsky vhled =952 kcelerace udeni % Enterprise systemy

Data generovana . ¢ Koncova zafizeni,
Interoperabilita |__.—__|J

simulacemi cloud, desktop
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Nasazeni na jakykoliv system k dosazeni optimalniho vykonu
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Nasazeni
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% Enterprise systémy
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Priklad: Klasifikace aktivit pomoci LSTM site

. Klasifikace 5 aktivit: x ;{I

— chlze

: : .
— chuze do schodu Machine > @
— chlize ze schod FES=NS§|j L-earning ]

— lezeni ' | 'H\
— stani T

« Data snimana senzory mobilniho telefonu
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« Cely postup muze navic zahrnovat extrakci pfiznaku a nasazeni modelu
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Nasazeni na Raspberry Pi

* Raspberry Pi 3 B+ s procesorem
ARM Cortex A
* Vyuziti ARM Compute Library
— repositar optimalizovanych funkci

— pro procesory ARM Cortex A a GPU
ARM Mali
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Vyuziti waveletu v Al
ProC jsou wavelety uziteCné?

« Efektivni reprezentace dat
charakterizovanych prechodovymi

~J\ jevy a pretrvavajicimi trendy nebo
oscilacemi
I
Sine Wave Wavelet [db10) o Aktualni vysledky v oblastech:

— detekce anomalii a monitorovani
stavu systému

— analyza biomedicinskych signalu
— seismicka analyza
— radarové systémy a komunikace

— financCni analyza
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Ktereé techniky zalozene na waveletech jsou vhodné pro Al?

w1073 Wavelet Variance by Group
512 feo) = i T T
-
256 ol
128 fringeds == i i 51 gsr
Ji fed] o oo i
o AR /I\ / \ // \ % + ;
: % ar
32 f " | W | i i = —
Hf*wLﬂ*#zﬂ*@J == o " v ‘Hf*hmﬂ*wmu ‘”f*wu|*HJ” oL e ]
[f #001] # Uaal # 5 | E;;;;;E
* [ERURERRETY 1t %
8 : | ot — —_—
ARR CHF NSR
4
01 02 03 04 05 06 07 08 08 1
Seconds
Continuous Wavelet Wavelet Scattering Wavelet Statistics
Transform

..a mnoho dalSich



Klasifikace EKG pomoci preducene site
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transformace
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Vyuziti metody ,transfer learning”

/ Nacteni preducené sité\

Predni vrstvy se uéi
zakladni pfiznaky
(hrany, tvary, barvy)

Posledni vrstvy se uéi
priznaky specifické
pro danou ulohu

(_A_\

/ﬁahrazeni poslednich vrstcm

Nové vrstvy se nauci
pfiznaky specifické
pro nova data
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/ Predikce a zjisténi
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Klasifikace aktivit pomoci nastroju machine learning

Wavelet
Scattering
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Uprava dat a
automaticka
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Wavelet Scattering

Convalution
RelLl
rectified linear units

Signal

Min. délka
signalu

Pseudekod:
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sf = waveletScattering(SignalLength) ;

Cyklus pres signal
waveletFeature = featureMatrix(sf,signal)
Pridej waveletFeature ktabulce pfiznaki
Prirad popisek

end
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MATLAB poskytuje nastroje pro vsechny etapy vyvoje Al systému

Priprava dat Modelovani Al Nasazeni

fluf GiSténi @ piprava Névrh a ladéni Embedded

dat modelu = zafizeni

Lidsky vhled s Hardwarova Enterprise systémy
akcelerace uceni

Data generovana N Koncova zarizeni,
simulacemi cloud, desktop

Generovana Rychla tvorba modelt

S

Aplikace pro zpracovani
signalu

I'IVII)IA.'l
i n tel Nasazeni na cilové
NVIDIA. platformy pomoci
: . generovani kédu
Akcelerace uceni

data

Techniky pro exrakci priznak



Priprava dat

||||||||| Cisténi a priprava

dat

AN

Wavelet Toolbox

Signal Processing Toolbox

Modelovani Al
@, Navrh a ladéni
modelu
Deep Learning Toolbox

Statistics & Machine Learning
Toolbox

A

£ THUMUSOFT

Nasazeni

. Embedded zafizeni

GPU Coder

MATLAB Coder

MATLAB
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K dispozici je mnoho zdroju, se kterymi muzete zacit

Featured Examples

.....

Waveform Segmentation
Using Deep Learning

Classify ECG Signals
Using Long Short-Term
Memory Networks

Classify heartbeat electrocardiogram
data using deep learning and signal
processing.

Segment human electrocardiogram
signals using time-frequency
analysiz and deep learning.

Awarags numbar of human =eractione par framas

Iterative Approach for
Creating Labeled Signal
Sets with Reduced Huma...

Use deep learning to decrease the
human effort required to label
signals.

Spectrogram of 8 Pedestrian and & Dicyclist

WITE PAPER

Jeen Leaming for Signal Frocesung

with MATLAR

Label Signal Attributes,
Regions of Interest, and
Points

Use Signal Labeler to label
attributes, regions. and points of
interest in a set of whale songs.

https://www.mathworks.com/help/signal/examples.html

https://www.mathworks.com/help/wavelet/examples.html

Pedestrian and Bicyclist
Classification Using Deep
Learning

Classify pedestrians and bicyclists
based on their micro-Doppier
characteristics using a deep learning
network and time-frequency

4\ MathWorks:

Products  Solutions Academia Support Community Events

Deep Learning Search MathWorks.com

Topics for Deep Learning v  Latest Features = Resources = Models

Overview

Deep Learning for Signal Processing

https://www.mathworks.com/solutions/deep-learning/deep-learning-signal-processing.html



https://www.mathworks.com/solutions/deep-learning/deep-learning-signal-processing.html
https://www.mathworks.com/help/comm/examples.html
https://www.mathworks.com/help/phased/examples.html
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. Vyuziti deep learningu v geologickych védach EE- =
— https://www.humusoft.cz/blog/20210506-deep-learning-geoscience/ ] TS

« Umeéla inteligence pro on-line vibrodiagnostiku

— https://www.humusoft.cz/blog/20210826-umela-inteligence-pro-vibrodiagnostiku/

result = true

trveClL = DOBEH
predCL = DOBEH

29



https://www.humusoft.cz/blog/20210506-deep-learning-geoscience/
https://www.humusoft.cz/blog/20210826-umela-inteligence-pro-vibrodiagnostiku/
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Dekuji za pozornost



