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MYCIN

* Dijagnoza bakterijskih infekcija i preporucivanje antibiotika
e Stanford, 1970e
* Baza od ~600 pravila

IF: 1) .The gram stain of the organism is gramneg, and
2) The morpholcgy of the organism is rod, and
3) The aerobicity of the organism is anaerobic
THEN: There is suggestive evidence (.6) that the identity
of the organism is bacteroides

e ZakljuCivanje formalnom logikom

B. Buchanan, E. Shortliffe. Rule based expert systems: the Mycin experiments of the Stanford heuristic programming project, 1984.



https://people.dbmi.columbia.edu/~ehs7001/Buchanan-Shortliffe-1984/MYCIN%20Book.htm

MYCIN

* Tacnost ~65% (bolje od stazista, loSije od eksperata)
* Objasnjivost

* Tehnoloske prepreke

* Eticke i pravne prepreke

* (Ne)mogucénost ukljucivanja novih saznanja

B. Buchanan, E. Shortliffe. Rule based expert systems: the Mycin experiments of the Stanford heuristic programming project, 1984.



https://people.dbmi.columbia.edu/~ehs7001/Buchanan-Shortliffe-1984/MYCIN%20Book.htm

Arterys / Tempus Radiology

* Prvi DU sistem odobren za klinicku upotrebu od US FDA, 2017

* Danas deo Tempus Radiology

e CardioAl: srcana ejakciona frakcija na osnovu MRI srca u par sekundi
* Analiza medicinskih slika jetre, pluca...



Nodule na CT snimcima pluca
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Lezije u mamografskim snimcima
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Projekat SensSmart

* Cilj: rana detekcija srcane insuficijencije
* Nemogucnost srca da pumpa dovoljnu koliCinu krvi
* Vodeci uzrok hospitalizacije i readmisije u starijoj populaciji
* Pogada 2% odrasle populacije, a 10% populacije iznad 70 godina
* Rizik od smrti u prvoj godini posle dijagnoze je 35%



Projekat SensSmart

* Cilj: rana detekcija srcane insuficijencije
e Zlatni standard: ehokardiografija
* Metodologija: polikardiograf + masinsko/duboko ucéenje

e Ucesnici: Univerzitet u Beogradu

e |nstitut za nuklearne nauke Vinca
 Medicinski fakultet
e Elektrotehnicki fakultet

e April 2022 -> April 2025
* Fond za nauku Republike Srbije (Program IDEJE)



SensSmart: osnovna ideja

Data mining &
machine learning
algorithms

dicrotic
notch




Polikardiograf

A. Lazovi¢ et al. “Multiparameter monitoring of cardiovascular function”, ICCBIKG 2023



Masinsko/duboko ucenje

Statistical analysis/threshold

j\\/,\ classification
PPG signal - Computing x < reference = normal
N coefficient/score ‘ x > reference = abnormal - Statistical route

l (x)

Preprocessing/ Feature Feature

Motion al:tefact e tectian - selection
reduction

ML classifier

Machine learning
route

Deep learning
route

H. W. Loh et al. "Application of photoplethysmography signals for healthcare systems: An in-depth review.”, 2022



Stvarna merenja: SensSmartTech studija
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Odlike dobijene iz PPG signala

PPG Pulse Indices — Description
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Pulse peak — absolute maximum value of the PPG
pulse.

First derivative peak — the maximum value of the
first derivative of the PPG pulse.

Amplitude — Difference between the PPG pulse
peak and foot (foot is the value of the PPG pulse at
the second derivative peak)

Area — The sum of the values for which the PPG
pulse was greater or equal to the value of maximum
slope.

Pulse Mean — The mean value of the PPG over the
pulse interval.

Pulse Interval — Time interval between the
maximum of the second derivative of PPG in two
consecutive pulses.

Pulse Width — Time interval for which the PPG
pulse was greater or equal to the value of maximum
slope.

Crest Time — Time interval between the second
derivative peak (V g and pulse peak (Vyp
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T. Besleaga et al. "Non-invasive detection of mechanical alternans utilizing photoplethysmography”, 2018



Odlike dobijene iz PPG signala
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M. Elgendi et al. "Toward generating more diagnostic features from photoplethysmogram waveforms.”, 2018



Stvarni PPG signali

start
systolic_peak
dicrotic_notch r
diastolic_peak

3.647 4.142 4.644 5.136 5.604 6.061 6.518



Stvarni PPG signali

® start
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Stvarni PPG signali

start
systolic_peak
dicrotic_notch
diastolic_peak

2.485 2.719 3.074 3.347 3.676 4,185 4.589
time [sec]



Klasterizacija oblika PPG signala

 Podela u klastere
* Anotacija centroida
e k-means + DTW

* RR-intervali
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