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1° semestre letivo de 2025

Disciplina sem pré-requisitos

Aulas Teéricas — O curso terd aulas conforme calendario abaixo.
Todo o contetido da disciplina estara disponivel no site http://flavia.website.

Para acessar o conteudo da disciplina, clique em “Classes” no menu a esquerda da tela (ou
no simbolo no canto superior a esquerda no celular, para que o menu aparega, depois clique
em “Classes”). A seguir, no topico 2025/01, clique em “Topics in Engineering (Topicos em
Engenharia) - ENE 0332”.

Turma T03: Segundas, de 08:00 as 11:50, na sala LCCC - ULEG - Sala 2.

Todos os dias de aula, logo apds a aula.

Esse curso ira tratar sobre o processamento de sinais biomédicos ¢ o modelamento ¢ a
identificagdo de sistemas fisiologicos. Como exemplo de aplicacdo dos diversos
conceitos envolvidos, serdo gerados diferentes indices quantitativos do sistema nervoso
auténomo (SNA), como indices de variabilidade da frequéncia cardiaca, sensibilidade do
barorreflexo, acoplamento cardiorrespiratorio, dentre outros usualmente utilizados na
literatura. Comecaremos dos mais simples, que envolvem conceitos como média e
desvio padrdo, até os que envolvem conceitos mais especificos, como resposta em
frequéncia, correlacdo, convolucdo e filtragem, dentre outros. O objetivo ¢ entender
como aplicar diferentes técnicas de processamento digital de sinais para analisar dados
como o ECG, EEG, EMG, pressdo arterial continua etc e interpretar os resultados
obtidos. O foco ndo serd na teoria matematica por trds deste conceitos, € sim na
aplicagdo pratica de cada técnica e sua interpretagdo em cada contexto.

O programa que iremos utilizar ¢ o Matlab. Nao ¢ assumida nenhuma experiéncia prévia
em programacdo ou no uso do Matlab. Dentre as vantagens do uso do Matlab,
destacam-se seus Toolboxes dedicados (como Signal Processing Toolbox e Statistics and
Machine Learning Toolbox), a facilidade de programacao, a existéncia de ferramentas de
visualizacdo profissionais, reputagdo e relevancia na industria, dentre outras. Por
exemplo, empresas como Medtronic e Philips Healthcare utilizam o Matlab no design e
teste de dispositivos médicos. Exemplos: (1) Repositorio de codigos Matlab para a

extracdo de dados do Medtronic Percept bidirectional brain computer interface for
adaptive brain stimulation; (2) Philips Healthcare Develops Smart Digital RF Power

Subsystem for MRI Systems; (3) Reducing Risk with Model-Based Design: Q&A with
Philips Healthcare; Artigo (Hammer et al., 2023) descrevendo o uso do Matlab para
analise dos dados obtidos do dispositivo Medtronic "Percept" para deep brain
stimulation (DBS); (4) outros exemplos do uso do Matlab e Simulink em dispositivos
médicos; (5) exemplos do uso do Matlab em outras areas, como automotiva, robdtica
etc.

Este semestre iremos utilizar ferramentas como o ChatGPT e o Grok tanto como tutores,
para nos ajudar a entender os codigos-exemplo do livro texto e os diferentes conceitos
envolvidos, quanto para nos ajudar a melhorar nossas habilidades de programagao.
Vamos também querer entender as capacidades e limitagdes de LLMs (Large Language
Models) para este prop0sito.
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A disciplina serd composta de aulas expositivas e praticas, testes/apresentacdes de
alunos, listas de exercicios e um projeto final, conforme calendario abaixo. A presenca e
participagdo nas atividades em aula também sdo fundamentais e serdo consideradas na
avaliagao.

O computo de presenca das aulas dar-se-a4 por chamada, que sera realizada via SIGAA.
Portanto, a presenga pode ser acompanhada pelo discente diretamente no SIGAA. O
numero maximo de faltas corresponde a 25% do numero de aulas. Ao final do
Calendario encontram-se listados trabalhos de reposicdo de faltas, que ndo constituem
atividades de recuperagdo. Cada trabalho entregue corresponde a 1 dia de falta,
dispensada a apresentagdo de justificativa. Este trabalho ¢é individual e devera ser
enviado via SIGAA para o professor até o dia especificado no Calendario abaixo. Serdo
aceitos até 3 trabalhos de reposi¢éo de faltas por discente. O topico do trabalho ¢ de livre
escolha do discente dentre os 11 tdpicos descritos ao final do programa.

A nota final sera o resultado da soma dos pontos de cada atividade e sua conversao para
a pontuagao de 0 a 100.

A avaliacdo serd composta de listas de exercicios, tarefas de casa, testes, apresentacdes e
um projeto final que envolve programagdo utilizando Matlab, a ser apresentado em
grupo.

A média final (MF) sera calculada com os seguintes pesos:

° Média Final (MF):

Participacdo (presenca e participagdo nas aulas) 5%

Tarefas de casa (em grupo) 25%
Listas de exercicios (em grupo) 25%
Testes/Apresentagdes (em grupo) 20%
Projeto final (slides + apresentagdo, em grupo) 25%

Os casos omissos serdo avaliados individualmente, de acordo com as circunstancias.

e Esse curso ira tratar sobre o processamento de sinais biomédicos e 0 modelamento ¢ a
identificagdo de sistemas fisiologicos, para a posterior geragdo de indices
quantitativos do sistema nervoso auténomo (SNA), como indices de variabilidade da
frequéncia cardiaca, sensibilidade do barorreflexo, acoplamento cardiorrespiratorio,
dentre outros usualmente utilizados na literatura. O curso tera varios exercicios
praticos, com a utilizagdo do Matlab para a implementagdo dos diversos algoritmos
de processamento e posterior modelamento e identificacdo de sistemas. Em particular,
serdo tratados temas como: convolugdo, correlacdo, teorema da amostragem, efeitos
de borda, janelamento, estimacdo espectral (analise de Fourier, método de Welch,
métodos paramétricos), estimacdo da funcdo de transferéncia, estudo do
eletrocardiograma (ECG), do eletroencefalograma (EEG), do eletromiograma (EMG),
do sinal de pressdo arterial continua, do sinal respiratoério, modelos paramétricos e
ndo-paramétricos, identificagdo de sistemas lineares, métodos baseados na correlagéo,
modelamento entrada-saida de sistemas fisiologicos em expansdes ortogonais. Néo ¢
necessaria experiéncia anterior com programagdo ou o programa Matlab. No¢des de
programagdo ¢ a utilizagdo do Matlab serdo gradualmente apresentadas ao longo do
curso.

e O curso usara dados disponiveis no repositorio da  physionet
(https://www.physionet.org/) e utilizard pacotes de programas compativeis com o
Matlab®, como: CRSIDLab (https://pubmed.ncbi.nlm.nih.gov/31056529/) e LYSIS
(https://bmsr.usc.edu/software/lysis/), dentre outros, além de ferramentas disponiveis
nos toolboxes de processamento de sinais e identificacdo de sistemas do Matlab.



https://www.physionet.org/
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e O curso tera um enfoque mais pratico, em termos da implementagdo de algoritmos
para o processamento de sinais fisiologicos, com énfase no sistema
cardiorrespiratdrio, ¢ a posterior geragao de indices quantitativos do SNA.

e  Pré-requisito: programacédo basica em Matlab ajuda, mas ndo ¢ essencial. No inicio do
curso serdo apresentados conceitos basicos de programagdo em Matlab.

e O curso esta dividido em trés partes gerais:

1)  Anadlise e processamento de sinais fisioldgicos
2)  Anailise e identificacio de sistemas fisiologicos
3) Apresentacio de projetos

e Livro texto:

Livros-textos principais:

1) Biosignal and Medical Image Processing, Third Edition, por John L. Semmlow
(Author), Benjamin Griffel. CRC Press; 3 edition (February 25, 2014).

As fungdes e os scripts utilizados ao longo do texto podem ser acessadas a partir
do link: https://www.crcpress.com/downloads/K 16329/Associated%20Files.zip

=> Arquivos do cap. 3 do livro texto (que estdo faltando no site do livro).

2) Khoo, M. C. K. (2018) Physiological Control Systems: Analysis, Simulation,
and Estimation, 2™ ed. IEEE Book Series in Biomedical Engineering, IEEE
Press. (Disponivel gratuitamente no site do IEEE para membros do EMBS -
Engineering in Medicine and Biology Society.)

As fungdes, os modelos e os scripts utilizados ao longo do texto podem ser
acessados a partir do link: http:/www.wiley.com/go/khoo/controlsystems2e

Livros-textos auxiliares:

3) Drongelen, Wim van (2006) Signal Processing for Neuroscientists:
introduction to the analysis of physiological systems. Elsevier Science &

Technology. Disponivel no Proquest Ebook Central:
https://ebookcentral.proguest.com/lib/univbrasilia-ebooks/detail.action?docID=28
3974

4) Wallisch, Pascal et al. (2014) MATLAB for neuroscientists: an introduction to
scientific computing in MATLAB. 2™ ed. Elsevier Science & Technology.
D1spon1vel no Proquest Ebook Central

517435

5) Soérnmo, Leif and Laguna, Pablo (2005) Bioelectrical signal processing in
cardiac and neurological applications, Elsevier Academic Press. Disponivel no
Proquest Ebook Central:
https://ebookcentral.proquest.com/lib/univbrasilia-ebooks/detail.action?docID=31
7027

6) Karris, Steven T. (2012) Signals and systems with MATLAB ® computing and
Simulink ® modeling, 5th ed. Orchard Publications. Disponivel no Proquest
Ebook Central:

https://ebookcentral.proquest.com/lib/univbrasilia-ebooks/reader.action?docID=3
384197

7) Westwick, D. T. and Kearney, R. E. (2003). Identification of Nonlinear
Physiological Systems: Theory and Practice, IEEE Book Series in Biomedical
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https://ebookcentral.proquest.com/lib/univbrasilia-ebooks/detail.action?docID=317027
https://ebookcentral.proquest.com/lib/univbrasilia-ebooks/detail.action?docID=317027
https://ebookcentral.proquest.com/lib/univbrasilia-ebooks/detail.action?docID=317027
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Engineering, IEEE Press. (Disponivel gratuitamente no site do IEEE para
membros da EMBS - Engineering in Medicine and Biology Society.)

8) Clifford, G., Azuaje, F., McSharry, P. (Eds.) (2006) Advanced methods and tools
for ECG data analysis. Artech House. Disponivel no Proquest Ebook Central:
https.//ebool | lib/univbrasilia-ebool | on7docID—3
38739

Software:

Matlab®. Sugiro a aquisi¢do da licenga de estudante do Matlab, com um preco mais em
conta para estudante (https:/www.mathworks.com/store/link/products/student/SV), ja com
varias toolboxes incluidas no pacote, incluindo a de Processamento de Sinais (Signal
Processing).

No momento da aquisi¢do do pacote, que ja vem com Matlab, Simulink e 10 toolboxes,
incluindo a de Processamento de Sinais (Signal Processing), sugiro também a aquisi¢do da
Toolbox de Identificaciio de Sistemas (System Identification), da qual vamos precisar
neste curso. O prego de cada Toolbox, no momento da aquisi¢ao do pacote de estudante do
Matlab, ¢ de US$6,00 apenas (¢ mais caro se comprar separado).

Referéncias complementares serao indicadas ao longo do semestre.
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ENDARIO (tentativo

24 de margo (aula 1)

24 de margo (aula 2)

31 de margo (aula 1)

31 de marco (aula 2)

AULA
Apresentagao do Programa de Curso
e Introducgao

AULA
Introdugéo ao Matlab (Livro:

disponivel via ebookcentral
(disponibilizada pela BCE) -
Capitulo 2 — link para o pdf do
cap. 2
(SLIDES)
— Aula gravada no semestre
2020/02 (a explicagdo do Matlab
comeca por volta de 43 mins)

AULA
* Continuagao *

(Data de entrega:
14/04/2025, até 23:59 h, na sua
pasta de "Assigments”
(Tarefas) do Microsoft Teams
da disciplina, em Ml

arquivo PDF legivel).

— Revisdo matematica -
Links externos (aulas dadas
pelo prof. Adson Rocha, da

FGA/UnB e ENE/UnB)

Revisdo de funcdes

trigonométricas.

Reviséo de trigonometria 1
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funcdes seno e cosseno.

AULA
* Continuagao *

7 de abril (aula 1)

7 de abril (aula 2)

14 de abril (aula 1)

14 de abril (aula 2)

AULA
Introducgéo a biosinais e técnicas de
medigao, efeitos da conversao A/D,
exemplos MATLAB (Livro texto -

Semmlow, cap.1)
(SLIDES)

Lista de exercicios 1 (Semmlow,
3%edigao): 1.5, 1.6, 1.7, 1.8,1.9 (a
versdo traduzida de cada questéo da
lista encontra-se no link acima).

E importante interpretar o que

obtiveram e descrever o que
aprenderam de novo em cada
exercicio (tanto em relagédo ao
conceito tratado em cada
exercicio quanto a comandos
novos aprendidos, de modo
resumido, em linguagem
académica formal)

(Data de entrega: 22/04/2025, até
23:59 h, na sua pasta de
“Assignments” (Tarefas) do Microsoft
Teams da disciplina, em um tnico
arquivo PDF legivel).

>

AULA
* Continuagao *

e Mais informagoes sobre

isti jli do
livro DSP guide (cap. 2).
Mais informagdes sobre ADC e
DAC, do livro DSP guide (cap.
3).

TOPICOS PARA O PROJETO DE
EINAL DO CURSQ. — Vejam que
o primeiro prazo é dia 9/06/2025
para envio do titulo do tema
escolhido e de uma breve
descrigao, além da escolha da
base de dados a ser utilizada.
Leia as instrugoes e observe o
endereco da tabela a ser
preenchida até o dia 9/06/2025.

AULA
Amostragem, aliasing, fungao
densidade de probabilidade,
média e medidas de dispersao,
quantizagao, relagao
sinal-ruido. (Livro texto -
Semmlow, cap.1)

(SLIDES)
— Artigo: The physiological
P U
Physiol Anthropol. 2016; 35: 22).

— Artigo (ha também link para a
versao em portugués): Basic
notions of heart rate variability

and its clinical applicability (Braz
J Cardiovasc Surg, 2009;

24(2):205-217).

AULA
Medicoes de biossinais, ruido e
analise (Livro texto - Semmlow,
cap.2)
(SLIDES)

Intuitive Guide to Angles

Degrees and Radians: um outro
modo de ver a diferenga entre

graus e radianos na medida de
angulos.

waves: a explicagéo do site ndo é
técnica, mas as animagoes e
figuras sdo bem feitas.

Capitulo 3 (Heart Rate Variability)
do livro online: Science of the
heart: exploring the role of the

heart in human performance. An
overview of research conducted by
the HeartMath Institute.

21 de abril

28 de abril (aula 1)

28 de abril (aula 2)

5 de maio (aula 1)

Tiradentes (feriado nacional)

: uma outra forma de visualizar
numeros imaginarios, como uma rotagdo de
90°.

numbers: nimeros também podem ter 2
dimensoes, se forem complexos. Esta é a
grande utilidade de nimeros complexos.

Understanding Why Complex
Multiplication Works: uma outra forma

de visualizar a multiplicagao de nimeros
complexos.

— Caps. do livro Heart rate variability,

de Malik M, Camm AJ (eds), Futura,

Armonk, NY, 1995:

- Cap. 5: Cerutti S, Bianchi AM, Mainardi
LT (1995) Spectral analysis of the heart

rate variability signal. pp 63-74
- Cap. 6: Kamath, Markad V. and Fallen,

Ernest L., Correction of the heart rate
1 7 -
missing beats. pp 75-85.

AULA
Correlagao e fungoes de base,
covariancia, autocorrelagao e
correlagao cruzada,

autocovariancia e covariancia

cruzada (Livro texto -

Semmlow, cap.2)
(SLIDES)
(Slides Pan-Tompkins)

- Aula virtual sobre como usar
o CRSIDLab (importante para
a tarefa 2):

https:/drive.gooale.com/file/d/17
QIX-bg2Fe5cydBKz8BUKaRgJw
vJr7rz/view?usp=sharing

Tarefa 2 (Data de entrega:
26/05/2025, até 23:59 h, na sua
pasta de “Assignments”
(Tarefas) do Microsoft Teams da
disciplina, em um (nico arquivo
PDF legivel. —

Desconto de 1 pt por hora de
atraso.

Link para o CRSIDLab 2.0 (veja

AULA
* Continuagao *

— Aulas em portugués sobre
VFC/HRYV do canal Manual de
Fisiologia Humana :

e Variabilidade da frequéncia
cardiaca
o Matodos li }

tempo

— Seminario Heart Rate
Variability (Partes 1, 2 e 3) dada
pelo Dr. Andrew Ahn da Harvard
Medical School:

e Part 1/5 - HRV: Physiology &
Methods

e Part 2/5 - HRV: Clinical Use &
Factors that Influence HRV

e Part 3/5 - HRV: Epidemiological
Studies and Non-Linear
Dynamics

.

AULA
* Continuagao *
)
( i -
cap. 2)

Lista de exercicios 2 (Semmlow,
3%edigdo): 2.6, 2.7, 2.8, 2.14, 2.20
(a versédo traduzida de cada questdo
da lista encontra-se no link acima)

= )

(Rata de entrega 19/05/2025, até
23:59 h, na sua pasta de
“Assignments” (Tarefas) do
Microsoft Teams, em um Unico
arquivo PDF legivel).

— Artigo: Heart Rate Variability:

Standards of Measurement

Bhysiological Interpretation._and
Clinical Use (artigo classico, sempre

citado)

— Artigo: An infroduction to hearf



https://drive.google.com/file/d/1brboLxu22vA0SjozNDPpdrr1AMfdWJzn/view?usp=sharing
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https://youtu.be/ACjf0qBWpcU
https://youtu.be/ACjf0qBWpcU
https://drive.google.com/file/d/10zHbP9TS-PBNpWNUzAOzwVMBf6tPrFzZ/view?usp=sharing
https://drive.google.com/file/d/10zHbP9TS-PBNpWNUzAOzwVMBf6tPrFzZ/view?usp=sharing
https://drive.google.com/file/d/1emGi81txm4VWhiF0VHZKjxNAIuzWY-zc/view?usp=sharing
https://docs.google.com/document/d/1jOS1TtUmDxyrdjBRZ57pPA5E4LJ3hEnY0xfYxeAdvzk/edit?usp=sharing
http://www.dspguide.com/CH2.PDF
http://www.dspguide.com/CH3.PDF
http://www.dspguide.com/CH3.PDF
https://docs.google.com/document/d/1dGxsu6z-0irBUszXuX5kHmecAfUoq9OanHyKrn5O9lc/edit?usp=sharing
https://docs.google.com/document/d/1dGxsu6z-0irBUszXuX5kHmecAfUoq9OanHyKrn5O9lc/edit?usp=sharing
https://drive.google.com/file/d/1A1gLbxBpb9s_kwEdJh2Sa-HZtt6_iDKI/view?usp=sharing
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5039876/
https://www.bjcvs.org/article/372/en-us/Basic-notions-of-heart-rate-variability-and-its-clinical-applicability
https://www.bjcvs.org/article/372/en-us/Basic-notions-of-heart-rate-variability-and-its-clinical-applicability
https://www.bjcvs.org/article/372/en-us/Basic-notions-of-heart-rate-variability-and-its-clinical-applicability
https://drive.google.com/file/d/1FsqG0vbhYHR1z5Ju5BWzw5O0GwdANuU5/view?usp=sharing
https://drive.google.com/file/d/1FsqG0vbhYHR1z5Ju5BWzw5O0GwdANuU5/view?usp=sharing
https://drive.google.com/file/d/1-oy71zGbDGx7l4kA0xKw4VUUYR_r2z0V/view?usp=sharing
https://betterexplained.com/articles/intuitive-guide-to-angles-degrees-and-radians/
https://betterexplained.com/articles/intuitive-guide-to-angles-degrees-and-radians/
https://betterexplained.com/articles/intuitive-understanding-of-sine-waves/
https://betterexplained.com/articles/intuitive-understanding-of-sine-waves/
https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/
https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/
https://www.heartmath.org/research/science-of-the-heart/heart-rate-variability/
https://betterexplained.com/articles/a-visual-intuitive-guide-to-imaginary-numbers/
https://betterexplained.com/articles/a-visual-intuitive-guide-to-imaginary-numbers/
https://betterexplained.com/articles/intuitive-arithmetic-with-complex-numbers/
https://betterexplained.com/articles/intuitive-arithmetic-with-complex-numbers/
https://betterexplained.com/articles/understanding-why-complex-multiplication-works/
https://betterexplained.com/articles/understanding-why-complex-multiplication-works/
https://drive.google.com/file/d/0B9wGYIQq88lMQ05NX05EREFYR1E/view?usp=sharing&resourcekey=0-MSsB7dHZD7OcGKf7OIZx-g
https://drive.google.com/file/d/0B9wGYIQq88lMQ05NX05EREFYR1E/view?usp=sharing&resourcekey=0-MSsB7dHZD7OcGKf7OIZx-g
https://drive.google.com/file/d/0B9wGYIQq88lMeXczZk1rQTNjWkE/view?usp=sharing&resourcekey=0-gd0Y9-EDQdFI7ba_kQfaiw
https://drive.google.com/file/d/0B9wGYIQq88lMeXczZk1rQTNjWkE/view?usp=sharing&resourcekey=0-gd0Y9-EDQdFI7ba_kQfaiw
https://drive.google.com/file/d/0B9wGYIQq88lMeXczZk1rQTNjWkE/view?usp=sharing&resourcekey=0-gd0Y9-EDQdFI7ba_kQfaiw
https://drive.google.com/file/d/1y4DMOUehXm0ivR0vG80hDBCG2029zi4O/view?usp=sharing
https://drive.google.com/file/d/1O1nyQduuidHIhb754aIEM-UdYuuYcPMU/view?usp=sharing
https://drive.google.com/file/d/17QIX-bg2Fe5cydBKz8BUKaRgJwvJr7rz/view?usp=sharing
https://drive.google.com/file/d/17QIX-bg2Fe5cydBKz8BUKaRgJwvJr7rz/view?usp=sharing
https://drive.google.com/file/d/17QIX-bg2Fe5cydBKz8BUKaRgJwvJr7rz/view?usp=sharing
https://docs.google.com/document/d/1NLFRPweM30F1OweQX_WrOLRqJGSPR0RiLa-4MGoMopY/edit?usp=sharing
https://drive.google.com/drive/folders/1LYOTO4ev_98ckI-OtELTKLXWBnKYPeS0?usp=sharing
https://youtu.be/bulJZWGSVo8
https://youtu.be/bulJZWGSVo8
https://youtu.be/WlcPvjIKF48
https://youtu.be/WlcPvjIKF48
https://youtu.be/sZOuqTOyqc4
https://youtu.be/HE_PAknjRUw
https://youtu.be/FVmBm6sc-h0
https://youtu.be/TIf01TRMUpw
https://drive.google.com/file/d/1xgat1DOe6CL67NfgzLsMhQ8Fee1_uT_U/view?usp=sharing
https://drive.google.com/file/d/1FsqG0vbhYHR1z5Ju5BWzw5O0GwdANuU5/view?usp=sharing
https://drive.google.com/file/d/1FsqG0vbhYHR1z5Ju5BWzw5O0GwdANuU5/view?usp=sharing
https://docs.google.com/document/d/1PUGknd-C7leNIIQBW5s0NlCSKLCdaoQPpedOfeCHpqw/edit?usp=sharing
https://drive.google.com/file/d/1FsqG0vbhYHR1z5Ju5BWzw5O0GwdANuU5/view?usp=sharing
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.frontiersin.org/articles/10.3389/fphys.2015.00055/full
https://www.frontiersin.org/articles/10.3389/fphys.2015.00055/full

o tutorial do CRISDLab nesta
pasta)

physiology, methodology and

palestra dada pelo pesquisador
Daniel Quintana. Apresenta
alguns cuidados na andlise e
interpretagdo dos dados de
HRV.

considerations and clinical
applications (Front. Physiol., 2015) -

Inclui referéncias a varios artigos
importantes na area, devidamente
contextualizados.

— Curso: Vital Signs:
Understanding What the Body Is
Telling Us (University of
Pennsylvania)

— Tese: Signal Qrocessmg methods
(Ph.D thesis
- Gari D. Clifford)

— Artigo: Heart Rate Variability

(Organizational Research Methods,
2016). Apesar de ser uma aplicagéo
bem diferente das mais tradicionais,
este paper na area de neurociéncia
organizacional faz um bom overview
da area de variabilidade da
frequéncia cardiaca (heart rate
variability, HRV), com a citagéo de
artigos importantes.

5 de maio (aula 2)

12 de maio (aula 1)

12 de maio (aula 2)

19 de maio (aula 1)

AULA
* Continuagao *

— Artigo: Nocoes basicas de

(Vanderlei et
al., Artigos de Revis&o. Braz. J.
Cardiovasc. Surg. 2009)
— Artigo: Role of editing of R-R
intervals in the analysis of heart rate
variability (Mirja A. Peltola, Front.
Physiol. 2012)
— Artigo: =
istori (George E.
Billman, Front. Physiol. 2011)
— Artigo: The LF/HF ratio does not

rately m I rdi

sympatho-vagal balance (George E.
Billman, Front. Physiol. 2013)
— Artigo: Everything Hertz:

methodologlcal |ssues in short-term
(James A. J.

Heathers, Front. Physiol. 2014)

Apresentacdo 01 (apresentagao

dos exemplos do livro por cada
aluno, definidos na tabela)

— Artigo: Diabefic autonomic
neuropathy (Diabetes Care, 2003)

— Capitulo: Kuusela T. (2012).

Methodological aspects of heart

rate variability analysis. In Kamath
M., Watanabe M. M., Upton A.

(Eds.), Heart rate variability (HRV)
signal analysis: Clinical
applications (pp. 10-42). London:
CRC Press.

— Artigo/opiniao:

heart rate variability: time for a
second round? (Trata-se, na
verdade, de uma resposta dos
autores a uma critica a
metodologia que eles defendem.
A resposta esta extremamente
bem embasada e contextualizada,
com varias referéncias
importantes na area. Vale a pena
a leitura, e depois pesquisa as
referéncias citadas.)

AULA
* Continuagao *

Lista de exercicios 3
(Semmlow, 3%edigao): 2.24,
2.31, 2.35, 2.36 (a versao
traduzida de cada questéo da
lista encontra-se no link acima)

(Data de entreqa: 2/06/2025, até
23:59 h, na sua pasta de
“Assignments” (Tarefas) do
Microsoft Teams da disciplina,
em um Unico arquivo PDF
legivel).

Arquivos.m: aula6_1.m,
aulaé 2.m, aula6 3.m,

de34 Poularikas.
aula6 6 ResolucaoExemplosLi
vroEugeneBruce.m

Resolucéo do exercicio
proposto na aula sobre
funcdes de base e outros
exemplos.

(do livro de Eugene Bruce)

AULA
A transformada discreta de
Fourier e sua inversa, conceitos
e exemplos introdutérios (Livro
texto - Semmlow, cap.3)

aula08 3.m.

(Livro texto - Semmlow, cap. 3)

ExemploOndaQuadrada_Aula08 |
L.m

Link para EEGs

grupo

19 de maio (aula 2)

26 de maio (aula 1)

26 de maio (aula 2)

2 de junho (aula 1)

AULA
* Continuagao *

A transformada de Fourier e os

fendmenos de aliasing, janelamento
e vazamento espectral (Livro texto -

Semmlow, cap.3)

Tarefa 3 (Tutorial EEG - Parte | e Parte
1l) (Data de entrega: 1 20/06/2025, até

23:59 h,na sua pasta de

“Assignments” (Tarefas) do Microsoft

Teams, em um Unico arquivo PDF
legivel).

e An Interactive Guide To The
Fourier Transform: explica que
uma transformagéo, como a
transformada de Fourier, é uma

mudanca de perspectiva a respeito

de uma quantidade, fazendo uma
analogia com uma receita.

- The Blue Frogin the EEG: Alpha,

AULA
* Continuagao *

ra Tutorial EEG - P 1l
(atualizado)

Link

Analise Espectral e EEG (do site
Sapien Labs):
Brain Waves. Sine Waves and

ihe Fourier Transform (Narayan P

Subramaniyam, Sept. 23, 2018).

(Narayan P Subramaniyam, Jan. 8,
2018) — Com cédigo Matlab ao final do
post.

beta, gamma what? Spectral
mposition of the EEG signal m:

lose critical information. (Tara
Thiagarajan, April 16, 2017)

Sianal (Narayan P Subramaniyam,
Nov. 12, 2018)

The Remarkable Inconsistency of
EEG Frequency Band Definitions

AULA
* Continuagao *

Analise Espectral e EEG (do
site Sapien Labs):
The Slope of the Power
Spectrum: An important metric
in EEG (Sapien Labs, Oct. 20, 2020)
(D.
Parameshwaran and T. C. Thiagarajan
(2019) Biomed. Phys. Eng. Express,
vol. 5, n.4. DOI
10.1088/2057-1976/ab29d0)

i (Narayan P
Subramaniyam, Dec. 3, 2018)
Assessing Connectivity with

Phase Locking Value (Narayan P
Subramaniyam, Jan. 6, 2019)

Measure? (Sapien Labs, Oct.21,
2016)

(Sapien Labs, June 15, 2020)

AULA
Fontes de erro em estimadores
espectrais (aliasing, vazamento

espectral e baixa relagédo
sinal-ruido); Densidade espectral de
poténcia; Periodograma. O teorema
de Parseval.
(SLIDES)

Lec3_length U_fft_adaptado.m

Demo do Matlab: “Lec3_length_Suu.m”,
disponivel em:
https://ocw.tudelft.nl/course-lectures/system
e-and-frequency-response-functions/, no
arquivo zipado ao final da pagina:

Lecture3_examples.zip.
Curso: System Identification and

Parameter Estimation da TU Delft. Aulas
interessantes para nosso curso: aula 2:

https://ocw.tudelft.nl/course-lectt
-identification-parameter-estimation- correla
ion-functions-in-time-and-frequency-domain
[?course_id=4348 e aula 3:
ocw.tudelft.nl/cour: m-identifi

https:,



https://drive.google.com/file/d/1nrfWX4gP1TyphzA3TF8O-HQX9_jAf0ZQ/view?usp=share_link
https://youtu.be/TIf01TRMUpw
https://youtu.be/TIf01TRMUpw
https://www.frontiersin.org/articles/10.3389/fphys.2015.00055/full
https://www.frontiersin.org/articles/10.3389/fphys.2015.00055/full
https://www.coursera.org/learn/vital-signs
https://www.coursera.org/learn/vital-signs
https://www.coursera.org/learn/vital-signs
https://web.mit.edu/~gari/www/papers/GDCliffordThesis.pdf
https://web.mit.edu/~gari/www/papers/GDCliffordThesis.pdf
https://journals.sagepub.com/doi/full/10.1177/1094428116681072
https://journals.sagepub.com/doi/full/10.1177/1094428116681072
https://journals.sagepub.com/doi/full/10.1177/1094428116681072
https://www.scielo.br/j/rbccv/a/Yh54M3tJK4tgWD5PSGcnmPK/?lang=pt
https://www.scielo.br/j/rbccv/a/Yh54M3tJK4tgWD5PSGcnmPK/?lang=pt
https://www.scielo.br/j/rbccv/a/Yh54M3tJK4tgWD5PSGcnmPK/?lang=pt
https://www.frontiersin.org/articles/10.3389/fphys.2012.00148/full
https://www.frontiersin.org/articles/10.3389/fphys.2012.00148/full
https://www.frontiersin.org/articles/10.3389/fphys.2012.00148/full
https://www.frontiersin.org/articles/10.3389/fphys.2011.00086/full
https://www.frontiersin.org/articles/10.3389/fphys.2011.00086/full
https://www.frontiersin.org/articles/10.3389/fphys.2013.00026/full
https://www.frontiersin.org/articles/10.3389/fphys.2013.00026/full
https://www.frontiersin.org/articles/10.3389/fphys.2013.00026/full
https://www.frontiersin.org/articles/10.3389/fphys.2014.00177/full
https://www.frontiersin.org/articles/10.3389/fphys.2014.00177/full
https://www.frontiersin.org/articles/10.3389/fphys.2014.00177/full
https://docs.google.com/spreadsheets/d/1RkvzkRFzv5MS4ZcUay9qcSfwnZvT9UoqXZng829ReJY/edit?usp=sharing
https://diabetesjournals.org/care/article/26/5/1553/24595/Diabetic-Autonomic-Neuropathy
https://diabetesjournals.org/care/article/26/5/1553/24595/Diabetic-Autonomic-Neuropathy
https://drive.google.com/file/d/1SojMWVi1PCAtAteCei-vSK0h1f8lWo_d/view?usp=sharing
https://drive.google.com/file/d/1SojMWVi1PCAtAteCei-vSK0h1f8lWo_d/view?usp=sharing
https://physoc.onlinelibrary.wiley.com/doi/full/10.1113/expphysiol.2012.066977
https://physoc.onlinelibrary.wiley.com/doi/full/10.1113/expphysiol.2012.066977
https://physoc.onlinelibrary.wiley.com/doi/full/10.1113/expphysiol.2012.066977
https://docs.google.com/document/d/10raVTF6pi4BiESE3qH2Xufo2_LdKY4-g7jfS8puxP3g/edit?usp=sharing
https://drive.google.com/file/d/1NE8izS3NobKBV_q9zu6HaoR0MQqyMZjZ/view?usp=sharing
https://drive.google.com/file/d/1UOzX33zUsCOZAUPWFm2ccKCUtqIpelbY/view?usp=sharing
https://drive.google.com/file/d/1sNG4nyzWwcasNrRnsxDryqMgDEbkxR87/view?usp=sharing
https://drive.google.com/file/d/1cf4g0UUJrOTUFS4ZFKypKDyYV6fWYwf1/view?usp=sharing
https://drive.google.com/file/d/1JdTRMbcPkuEhDLfAFMVuTt9WNakJxOsG/view?usp=sharing
https://drive.google.com/file/d/1JdTRMbcPkuEhDLfAFMVuTt9WNakJxOsG/view?usp=sharing
https://drive.google.com/file/d/12nKc_W50ip-d5pFTyDSopLGaqSeA1qae/view?usp=sharing
https://drive.google.com/file/d/12nKc_W50ip-d5pFTyDSopLGaqSeA1qae/view?usp=sharing
https://drive.google.com/file/d/1WumaO8Y051aJS_8IJGIa2i7ypLdn2rBS/view?usp=sharing
https://drive.google.com/file/d/1WumaO8Y051aJS_8IJGIa2i7ypLdn2rBS/view?usp=sharing
https://drive.google.com/file/d/1WumaO8Y051aJS_8IJGIa2i7ypLdn2rBS/view?usp=sharing
https://drive.google.com/file/d/1WumaO8Y051aJS_8IJGIa2i7ypLdn2rBS/view?usp=sharing
https://drive.google.com/file/d/1oqVkFdb7SSP4v_tNGoDC-3AWZDKTXORI/view?usp=sharing
https://drive.google.com/file/d/1LxHq5JNqK8gfMzdf0mtoJYRswdeG2j6J/view?usp=sharing
https://drive.google.com/file/d/1QVp9Ws8gghnkNSISrfojYZISP6stIqk6/view?usp=sharing
https://drive.google.com/file/d/1VeLtThuEmZtUFW5KScf5ODPLl4e0ScTR/view?usp=sharing
https://drive.google.com/file/d/1icZCz4IUpDuqPzEEDOJTKoS4CXxYGEUM/view?usp=sharing
https://drive.google.com/file/d/1cVEpyoXNW843SukHkD9nk2T1ZWxj2KvX/view?usp=sharing
https://drive.google.com/file/d/1bB8bieLcK3wXp6gdbNLmXUyZpsdBFAxC/view?usp=share_link
https://drive.google.com/file/d/1bB8bieLcK3wXp6gdbNLmXUyZpsdBFAxC/view?usp=share_link
https://www.ukbonn.de/epileptologie/arbeitsgruppen/ag-lehnertz-neurophysik/downloads/
https://docs.google.com/spreadsheets/d/1us4U4MlIOBsaJDDlWmzm-RqG3IV6V-d60RzFnXvvwfA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1us4U4MlIOBsaJDDlWmzm-RqG3IV6V-d60RzFnXvvwfA/edit?usp=sharing
https://drive.google.com/file/d/1d9visCrDb6WfvLLLBWg859ZATAVpsglr/view?usp=sharing
https://drive.google.com/file/d/1sRSR-fXvRjlWniDAXWBFd64lZfzKJXAl/view?usp=sharing
https://drive.google.com/file/d/1sRSR-fXvRjlWniDAXWBFd64lZfzKJXAl/view?usp=sharing
https://betterexplained.com/articles/an-interactive-guide-to-the-fourier-transform/
https://betterexplained.com/articles/an-interactive-guide-to-the-fourier-transform/
https://drive.google.com/file/d/1d9visCrDb6WfvLLLBWg859ZATAVpsglr/view
https://drive.google.com/file/d/1sRSR-fXvRjlWniDAXWBFd64lZfzKJXAl/view?usp=sharing
https://sapienlabs.org/lab-talk/brain-waves-sine-waves/
https://sapienlabs.org/lab-talk/brain-waves-sine-waves/
https://sapienlabs.org/lab-talk/factors-that-impact-power-spectrum-density-estimation/
https://sapienlabs.org/lab-talk/factors-that-impact-power-spectrum-density-estimation/
https://sapienlabs.org/lab-talk/blue-frog-eeg/
https://sapienlabs.org/lab-talk/blue-frog-eeg/
https://sapienlabs.org/lab-talk/blue-frog-eeg/
https://sapienlabs.org/lab-talk/blue-frog-eeg/
https://sapienlabs.org/lab-talk/pitfalls-of-filtering-the-eeg-signal/
https://sapienlabs.org/lab-talk/pitfalls-of-filtering-the-eeg-signal/
https://sapienlabs.org/lab-talk/the-remarkable-inconsistency-of-frequency-band-definitions/
https://sapienlabs.org/lab-talk/the-remarkable-inconsistency-of-frequency-band-definitions/
https://sapienlabs.org/lab-talk/the-slope-of-the-power-spectrum-an-important-metric-in-eeg/
https://sapienlabs.org/lab-talk/the-slope-of-the-power-spectrum-an-important-metric-in-eeg/
https://sapienlabs.org/lab-talk/the-slope-of-the-power-spectrum-an-important-metric-in-eeg/
https://sapienlabs.org/wp-content/uploads/2019/09/Parameshwaran-Revision-3_22_05_2019.pdf
https://sapienlabs.org/wp-content/uploads/2019/09/Parameshwaran-Revision-3_22_05_2019.pdf
https://sapienlabs.org/lab-talk/factors-that-impact-coherence-in-the-eeg/
https://sapienlabs.org/lab-talk/factors-that-impact-coherence-in-the-eeg/
https://sapienlabs.org/lab-talk/phase-locking-value/
https://sapienlabs.org/lab-talk/phase-locking-value/
https://sapienlabs.org/lab-talk/what-does-the-eeg-signal-measure/
https://sapienlabs.org/lab-talk/what-does-the-eeg-signal-measure/
https://sapienlabs.org/lab-talk/three-tutorials-in-eeg-analysis/
https://drive.google.com/file/d/1Q0QRDHVuIfTRw6XTdYNszf8riRh2IS-w/view?usp=sharing
https://drive.google.com/file/d/1Ce4PjixfOTgzO6POkk6WL_PXc4QNdrxK/view?usp=sharing
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-impulse-and-frequency-response-functions/
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-impulse-and-frequency-response-functions/
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-impulse-and-frequency-response-functions/
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-impulse-and-frequency-response-functions/
https://ocw.tudelft.nl/wp-content/uploads/Lec3_examples_01-1.zip
https://ocw.tudelft.nl/wp-content/uploads/Lec3_examples_01-1.zip
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-correlation-functions-in-time-and-frequency-domain/?course_id=4348
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-correlation-functions-in-time-and-frequency-domain/?course_id=4348
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-correlation-functions-in-time-and-frequency-domain/?course_id=4348
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-correlation-functions-in-time-and-frequency-domain/?course_id=4348
https://ocw.tudelft.nl/course-lectures/system-identification-parameter-estimation-correlation-functions-in-time-and-frequency-domain/?course_id=4348
https://ocw.tudelft.nl/courses/system-identification-and-parameter-estimation/subjects/impulse-frequency-response-functions/
https://ocw.tudelft.nl/courses/system-identification-and-parameter-estimation/subjects/impulse-frequency-response-functions/

(Jennifer J Newson, Sep. 2, 2018) —

Publicagao: EEG Frequency
Revi Resiing S Stud

Jennifer J Newson, Nov.
26, 2017)

Signals (Narayan P Subramaniyam,
Oct. 8,2018)

Signal Processing Platform
(Arnaud Delorme, Feb. 17, 2020)

cation-and-parameter-estimation/subjects/i
mpulse-frequency-response-functions/

— Capitulo: Kuusela T. (2012).
Methodological aspects of
baroreflex sensitivity analysis. In
Kamath M., Watanabe M. M., Upton
A. (Eds.), Heart rate variability
(HRV) signal analysis: Clinical
applications (pp. 43-58). London:
CRC Press.

2 de junho (aula 2)

9 de junho (aula 1)

9 de junho (aula 2)

16 de junho (aula 1)

AULA
* Continuagéo *

Lista de exercicios 4 (Semmlow,
3%edigdo): 3.5, 3.11, 3.13, 3.17, 3.33
(a verséo traduzida de cada questéo

da lista encontra-se no link acima)

(Livro texto - Semmlow, cap. 3)
(Data de entrega: 16/06/2025, até
23:59 h, na sua pasta de
“Assignments” (Tarefas) do
Microsoft Teams da disciplina, em
um Unico arquivo PDF legivel).

Arquivos do cap. 3 do livro texto do
Semmlow (que estao faltando no

site do livro)

AULA
Sinais ndo-uniformemente
amostrados, interpolagéo e
reamostragem, aplicagdo ao sinal
de VFC/HRV
(SLIDES)

((Data de entrega:
30/06/2025, até 23:59 h, na sua
pasta de “Assignments”
(Tarefas) do Microsoft Teams, em
um unico arquivo PDF legivel).

Implementac3o no Matlab dos
métodos de interpolacéo linear.
spline cubica e Berger (atualizado)

Funcéo interpolacéo de Berger
(colocar no mesmo diretério do

programa acima).

Lutorial do CRSIDLab
Iutorial do CRSIDLab 2.0

AULA
* Continuagao *

— Artigo: Jo et al. Model-based
Assessment of Autonomic Control
in Obstructive Sleep Apnea

Syndrome during Sleep. Am
Respir Crit Care Med (2003), vol.
167, pp. 128-136

AULA
Sinais ndo-uniformemente
amostrados, interpolagéo e
reamostragem, aplicagéo ao sinal de
VFC/HRV. Andlise da relagéo entre
pares de sinais fisiolégicos:
Coeréncia espectral, fungédo de
transferéncia, exemplos MATLAB
(Livro texto - Semmlow, cap.3)

(SLIDES)

Manual do CRSIDLab 2.0

16 de junho (aula 2)

23 de junho (aula 1)

23 de junho (aula 2)

30 de junho (aula 1)

AULA
Estimacéo da Fungéo de

Transferéncia (FRF - Frequency

Response Function) usando os

conceitos de auto-correlagédo e
correlagédo cruzada no dominio da

frequéncia (fungdes densidade
espectral de poténcia e de poténcia
cruzada, respectivamente); medida

de coeréncia; identificagdo de
sistemas fisioldgicos no dominio do

tempo; exemplos

Funcéo cpsd do Matlab:

pxy = cpsd(x,y) estimates the cross
power spectral density (CPSD) of
two discrete-time signals, x and y,

using Welch'’s averaged, modified
periodogram method of speciral

Fungdo mscohere do Matlab: cxy
= mscohere(x,y) finds the
magnitude-squared coherence
estimate, cxy, of the input signals, x
andy.

cxy = mscohere(x,y,window) uses
window to divide x and y into
segments and perform windowing.
You must use at least two segments.
Otherwise, the magnitude-squared
coherence is 1 for all frequencies.

Funcgao tfestimate do Matlab:

txy = tfestimate(x,y) finds a transfer
function estimate between the input
signal x and the output signal y
evaluated at a set of frequencies.

AULA

uma visualizagdo por analogia da
operagao de convolugdo.

AULA
* Continuagao *

Os sinais de eletrocardiograma,
pressao arterial continua e
respiragao; conceitos
envolvidos na analise espectral
destes sinais
(SLIDES)

Links para aula do semestre

anterior: Parte 1 - Finalizagéo da aula
passada sobre fungdo de transferéncia e
coeréncia (primeira metade da aula) e
inicio da descrig&o dos sinais estudados
na disciplina (ECG, respiragao, presséo
arterial continua),

AULA
Parte 2 - Finalizagao de detalhes
acerca do processamento dos sinais de
ECG, respiragao e pressao arterial
continua e inicio do capitulo sobre filtros.
O capitulo sobre filtros é o assunto da
Lista de exercicios 5.

AULA
Apresentacdo 02
(Livro texto - Semmlow, cap.4)
(Livro texto - Semmlow, cap.5)

Redugao de ruidos e filtros digitais;
ensemble averaging; fungéo de
transferéncia discreta; filtros digitais
FIRelIR (Livro texto - Semmlow,
cap.4) e exemplos Matlab; modelo AR
para a estimacgéo espectral (Livro texto
- Semmlow, item 5.1)

(SLIDES)

Lista de exercicios 5 — link para
traducéo das questoes
(Semmlow, 3%edicao): 4.14, 4.15,
4.19,4.20,4.24

(Data de entrega:21/07/2025, até
23:59 h, na sua pasta de
“Assignments” (Tarefas) do
Microsoft Teams, em um Unico
arquivo PDF legivel).

Tarefa 5 ((Data de entrega:
25/07/2025, até 23:59 h, na sua
pasta de “Assignments” (Tarefas)
do Microsoft Teams, em um unico
arquivo PDF legivel).



https://www.frontiersin.org/articles/10.3389/fnhum.2018.00521/full
https://www.frontiersin.org/articles/10.3389/fnhum.2018.00521/full
https://www.frontiersin.org/articles/10.3389/fnhum.2018.00521/full
https://sapienlabs.org/lab-talk/eeg-infancy-adulthood/
https://sapienlabs.org/lab-talk/eeg-infancy-adulthood/
https://sapienlabs.org/lab-talk/non-sinusoidal-and-non-stationary-properties-of-neural-signals/
https://sapienlabs.org/lab-talk/non-sinusoidal-and-non-stationary-properties-of-neural-signals/
https://sapienlabs.org/lab-talk/non-sinusoidal-and-non-stationary-properties-of-neural-signals/
https://sapienlabs.org/lab-talk/whats-new-in-the-eeglab-signal-processing-platform/
https://sapienlabs.org/lab-talk/whats-new-in-the-eeglab-signal-processing-platform/
https://ocw.tudelft.nl/courses/system-identification-and-parameter-estimation/subjects/impulse-frequency-response-functions/
https://ocw.tudelft.nl/courses/system-identification-and-parameter-estimation/subjects/impulse-frequency-response-functions/
https://drive.google.com/file/d/1talwhn83z_Z3KDmCy3Uq3SDCcWkZgLGL/view?usp=sharing
https://drive.google.com/file/d/1talwhn83z_Z3KDmCy3Uq3SDCcWkZgLGL/view?usp=sharing
https://docs.google.com/document/d/1wqZf5ASpY79JXZUduE5jCW7yPiWaxLkMv3lCRS-8zQc/edit?usp=sharing
https://drive.google.com/file/d/1cVEpyoXNW843SukHkD9nk2T1ZWxj2KvX/view?usp=sharing
https://drive.google.com/drive/folders/1ouA0JjP3qsAFnBuhw6ojOC4yFXbo5-Kw?usp=sharing
https://drive.google.com/file/d/1Pl-h1d3W_oILi9kdc68ma4Upd-vWVG4H/view?usp=sharing
https://drive.google.com/file/d/1Hl0qTSowZWWi_v8aUdUlCFm1PjpjKkIK/view?usp=sharing
https://drive.google.com/file/d/1zFZC6TYcK0RDi9dN4zHbNnqUtBSIpGiH/view?usp=sharing
https://drive.google.com/file/d/1zFZC6TYcK0RDi9dN4zHbNnqUtBSIpGiH/view?usp=sharing
https://drive.google.com/file/d/1zFZC6TYcK0RDi9dN4zHbNnqUtBSIpGiH/view?usp=sharing
https://drive.google.com/file/d/1d60ulqqY5Cyi8JWz-LeXNkFWF-Txihy4/view?usp=sharing
https://drive.google.com/file/d/1MQrI5enT41G3Eku807bqQ4ZYT7qgGspv/view?usp=sharing
https://drive.google.com/file/d/1KwwtuztTsB1j1G3zp4-1dXJRT0ieNf22/view?usp=sharing
https://drive.google.com/file/d/1-3Rl-y5n8Wqn06dE3Pwp8vZc08N1OCuX/view?usp=sharing
https://drive.google.com/file/d/1-3Rl-y5n8Wqn06dE3Pwp8vZc08N1OCuX/view?usp=sharing
https://drive.google.com/file/d/1-3Rl-y5n8Wqn06dE3Pwp8vZc08N1OCuX/view?usp=sharing
https://drive.google.com/file/d/1-3Rl-y5n8Wqn06dE3Pwp8vZc08N1OCuX/view?usp=sharing
https://drive.google.com/file/d/1vKidDlN6w1nknrHyAXRGFYWVSs3UWTgd/view?usp=sharing
https://drive.google.com/file/d/1DbLvfhTY0HYc9-orDfK0ie0RIQnlVs3l/view?usp=share_link
https://drive.google.com/file/d/1vKidDlN6w1nknrHyAXRGFYWVSs3UWTgd/view?usp=sharing
https://www.mathworks.com/help/signal/ref/cpsd.html
https://www.mathworks.com/help/signal/ref/mscohere.html
https://www.mathworks.com/help/signal/ref/tfestimate.html
https://betterexplained.com/articles/intuitive-convolution/
https://drive.google.com/file/d/1bnFQ4l9P7_uHnT-X1o-vi5yHr-arjhi_/view?usp=sharing
https://drive.google.com/file/d/17RqpFiivKVT2g4TV5frkVs3q-6X3AyKG/view?usp=sharing
https://drive.google.com/file/d/1R9K0Q4SmDlus1dj_jwr49xRr6DbKp7pN/view?usp=sharing
https://docs.google.com/spreadsheets/d/1RkvzkRFzv5MS4ZcUay9qcSfwnZvT9UoqXZng829ReJY/edit?usp=sharing
https://drive.google.com/file/d/1J364rER0E9LCrxY_ClVs1MfO4AuFwZ6T/view?usp=sharing
https://drive.google.com/file/d/1wR0PnqWgHr5AnvIufP6yICSlkCmrDAzD/view?usp=sharing
https://drive.google.com/file/d/1bnFQ4l9P7_uHnT-X1o-vi5yHr-arjhi_/view?usp=sharing
https://docs.google.com/document/d/18ngdT8b_b3CwOap8Ecrieq6Q5Oam7qgXzHeBaTvI0VE/edit?usp=sharing
https://drive.google.com/file/d/1MN8wfesv5JvcKegiqhzqLAO-amk4xUzp/view?usp=sharing

30 de junho (aula 2)

7 de julho (aula 1)

7 de julho (aula 2)

14 de julho (aula 1)

AULA
* Continuacgéo *

AULA
Implementagao da fungao de
transferéncia no dominio da

frequéncia; implementagdo no

dominio do tempo; implementagéo de
filtros FIR e IIR; contextualizagdo dos

exercicios da lista 5

AULA
* Continuagao *

Links para aula do semestre
anterior: Parte 1 (O que s&o e como
implementar filtros FIR no Matlab -
Assunto da lista de exercicios 5) ,

AULA

Apresentacao de Projetos Finais
(20 mins de apresentagao por
grupo)

(O que s&o e como
implementar filtros [IR no Matlab -
finalizagdo do assunto da lista de

exercicios 5; detalhes sobre a
pontuagédo das apresentagdes dos
Projetos Finais)

14 de julho (aula 2)

AULA

Apresentacao de Projetos Finais
(20 mins de apresentagéo por
grupo) - Continuagéo

Tépicos do trabalho escrito de reposicao (para os que ultrapassarem 25% de

faltas no semestre, isto é, que tiverem 7 ou mais faltas as aulas) - Escolha 1
exercicio para cada dia excedente dos 25% de faltas permitidas (prazo:
25/07/2025):

e Exercicios referentes ao Capitulo 8 do livro "Physiological control
systems”, 2a edig¢ao, de Michael C. K. Khoo.
1) P8.1; P8.2; P8.3;
2) P8.4; P8.5; P8.6;
e Exercicios referentes ao Capitulo 9 do livro “Physiological control
systems”, 2a edigdo, de Michael C. K. Khoo.
3) P9.1; P9.2; P9.3;
4) P9.4;
e Exercicios referentes ao Capitulo 5 do livro “Biosignal and medical
image processing”, 3a edi¢ao, de John L. Semmlow, Benjamin Griffel
5) 5.1; 5.2; 5.3; 5.4;
6) 5.5; 5.6; 5.7; 5.8;
7) 5.9; 5.10; 5.11; 5.12; 5.13;
8) 5.14; 5.15; 5.16; 5.17;
9) 5.18; 5.19; 5.20; 5.21;
10)5.22; 5.23; 5.24; 5.25;
11)5.26; 5.27.


https://drive.google.com/file/d/1fB8FytyBYaougllS5vhJP8dYmsS2wgTb/view?usp=sharing
https://drive.google.com/file/d/1TirCn__Jon1I6wWmQaM-H5X6xcQg3TWy/view?usp=sharing
https://drive.google.com/file/d/1XZF6EBBpeG8a9f_mv27u82F-yl4tpBqh/view?usp=sharing
https://drive.google.com/file/d/1HB8m7-6KqAlamDfBTd6sKjPJYPIESOHs/view?usp=sharing
https://drive.google.com/file/d/1JZYW6jT07Z3c9U13MnjSkkl8KPEdnS09/view?usp=sharing
https://drive.google.com/file/d/1wR0PnqWgHr5AnvIufP6yICSlkCmrDAzD/view?usp=sharing
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