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% Priznakovy nebo strukturni popis rozpoznavanych
(klasifikovanych) objektl — obecné hovorime o vytvareni
symbolickych popis{ objektt

¢ nazyvame popisem objektl jejich obrazy.
< Tedy: Obraz objektu = symbolicky popis objektu
% Stejné jako metody rozlisujeme i obrazy (symbolické popisy
objekt)

¢+ tvorené priznaky (vektory priznakd{)
¢ strukturni

<+ Obsahuji-li obrazy objektt n slozek, pak vSechny rozpoznavané
(klasifikované) obrazy tvori obrazovy prostor ulohy.

< Jednotlivé klasifikacni tfidy objektl ziskame rozkladem
obrazoveho prostoru ulohy na R klasifikacnich trid.
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Priznakove rozpoznavani

< Objekt typu A a objekt typu B jsou popsany mnozinou
priznakt P = {p1, p2}

< PocCet objektl typu A i B je 10

<+»Tzn. mnozina P ma 2 polozky a mame 20 mereni

< Uloha je odlisit objekt A od objektu B

<+ Zajima nas vzajemné usporadani objektd A a B tj.
zavislost priznakl z mnoziny objektl typu A a z mnoziny
objektl typu B.
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Priznakove rozpoznavani

<+ Graficky se tato zavislost da znazornit takto:

p2 4 Objety typu B
Objety typu A
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Rozpoznavani a klasifikace

< Rozpoznavani chapeme jako ulohu, pri které objekty zarazujeme
do trid podle jejich spolecnych vlastnosti tak, ze objekty vzajemné
si podobné zarazujeme do stejné tridy.

< RozliSujeme:

¢ klasifikaci — zarazujeme do predem znameého, pevného poctu trid

¢ rozpoznavani — pocet trid neni predem znam a tridy identifikujeme az
béhem vlastniho rozpoznavani
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Rozpoznavani a klasifikace

<> Obecna klasifikacni uloha
(0F) X1
1)) : i) : W
; i K =
Um 2 il
T ... transformace vstupnich charakteristik — vytvoreni obrazu

K ... klasifikdtor

. vektor vstupnich charakteristik

. obraz (symbolicky popis) objektu
w ... Indikator tridy
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Klasifikace

<V praxi se takto idealni pripad nevyskytuje

<+ Bézny popis obsahuje desitky az stovky priznakd
<+ Je treba priznaky selektovat

< DUlezity je vybér typu klasifikatoru

<+ Cely proces je iteracni

Nejdulezitéjsi podminkou vystupu je

nalezeni co nejobecnejsich pravidel
(klasifikaCnich parametr()




_II_

Rozhodovaci pravidlo

<» Rozhodovaci pravidlo
¢ klasifikator prirazuje obraz do klasifikacni tridy

<+ Mlzeme obecné definovat jako skalarni funkci vektorového
argumentu

® = d(x)

< Presnéjsi vyjadreni rozhodovaciho pravidla, které zohlednuje i
nastaveni klasifikatoru q

0 = d(x, q)
< Nastaveni klasifikatoru se provadi trénovanim neboli ucenim.

< Rozlisujeme uceni s ucitelem, kdy klasifikatoru predkladame
obrazy, u nichz zname jejich prislusnost k tride, a uceni bez
ucitele, kdy spravné zarazeni do klasifikaCnich trid nezname.
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\% . .k ALY Extrakce X = W
» Predzpracovani > Mk »  Klasifikace >
A
trénovaci 2 Trénovani
obrazy (uceni)

<+ Obrazy objektl reprezentovany vektory priznakd x ,
zarazovani obraz( do trid

< klasifikace deterministickym nebo stochastickym rozhodovacim
pravidlem ve tvaru

W = dXx), resp. w = dXx, q),
¢+ kde x je klasifikovany obraz objektu,
¢ g je vektor nastaveni klasifikatoru.
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Uceni

% Bez ucitele

vstup vystup >

% S ucCitelem

ucitel

wvatn vystup
ﬁ%'} Wy >
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Nastaveni klasifikatoru ucenim

<+ Mame k dispozici trénovaci mnozinu

< Apriorni pravdépodobnost P(w.) Ize nahradit relativni Cetnosti
vyskytu vektoru priznakd z jednotlivych tfid v trénovaci mnoziné

< Pri odhadu hustoty pravdépodobnosti mame dva pripady

¢ Zname tvar hustoty, ale nezname nékteré parametry
¢ Nezname tvar hustoty pravdépodobnosti

< Vlychazime-li ze znamého tvaru hustoty pravdépodobnosti a
odhadujeme pouze parametry mluvime o parametrickych metodach

< Ve druhém pripadé mluvime o neparametrickych metodach

o0



http://home.zcu.cz/~friesl/hpsb/ml.html

Trénovaci a testovaci mnozina

*%* Trénovaci mnozina

¢ Mnozina objektd, u kterych zna klasifikator spravné prirazeni ke tridam

¢ UcCeni probiha iterativné.

¢+ Kilasifikatoru jsou predkladany vzory z této mnoziny dokud nedosahne jisté
predem definované trénovaci presnosti klasifikace.

+» Testovaci mnozina

¢ Mnozina objektd, u kterych klasifikator nezna spravné prirazeni.
¢+ Kilasifikator priradi objekty do tfid a nasledné se zhodnoti spravnost klasifikace.

¢ Tim je urcena testovaci chyba klasifikace — schopnost klasifikatoru
generalizovat.

< Validacni mnozina
¢ Pri uceni miize dojit k jevu preuceni klasifikatoru.
¢ Znamena to, Ze klasifikator se priliS prizplsobil datlim z trénovaci mnoziny a
ztratil schopnost zobecnéni.
¢ Proto se pouziva validacni mnozina, ktera ma tomuto jevu (preuceni) zabranit.
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Pribeh uceni
|

Etror \ Validation

\ _

Traming cycles
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Trénovaci

Uceni a evaluace modelu

Uceni,
trénovani modelu Model
- L Predikce,

Model
pouziti modelu Odhady modelu

Vypocet chyby
modelu

Vstupy Vystup

Test.

Chyba na
testovacich datech




NI V 4 =

B Umoznuje odhadnout testovaci chybu a
potrebuje k tomu jen trénovaci data

B Slouzi k vybéru (vhodné struktury a parametr(l)
mOdQJII

Uplny postup pro vybér algoritmu kfiZzovou validaci, ziskani klasifikatoru a

odhad jeho kvality
© Rozdélime data na Train / Test

@ KfiZovou validaci na Train vybereme algoritmus

© Zvolenym algoritmem sestrojime klasifikator na Train

Q Jeho kvalitu odhadneme na Test



Senzitivita a specificita

’ a
Vysledek SE =——
+ —
testy D D celkem a+c
Specificita
T+ a b a+b d
SP=—
T- C d c+d b+d
s e . b+d - Nespravna pozitivita
- FP = b
Skutecnost b+d
/ Nespravna negativita
Vyslede Hy H, .
k testu EN =
a+C
Ho Ok (C:I?ZE 3 _III3' Prediktivni honota pozitivniho testu
: + .
Chyba 1. PV" = —-
H, s Ok a+b
druhu: a Prediktivni honota negativniho testu
a: hladina vyznamnosti testu py- 0

B: sila testu c+d



ROC krivka

“*Receiver Operating Characteristic

+ plvodné z radiolologie — hodnoceni kvality radaru

+ v mediciné se pouziva nejcasteji pro zhodnoceni presnosti
diagnostickeho testu, jehoz vysledkem je spojita veliCina vs.
pozitivni Ci negativni vysledek testu

+ vhodna také pro hodnoceni modelt pfi dolovani dat — pro
I:()ravdepgd,otgnqstm modely odhadujici prislusnost ke

lasifikacni tride, popr. pro modely, kdy je nutné optimalizovat

soucasne senzitivitu i specificitu

<ROC kfivka vyjadruje vztah mezi specificitou a
senzitivitou pro vsechny mozne hodnoty prahu g

+ za prahovou Ize volit libovolnou hodnotu mezi dvema
sousednimi hodnotami testu



" ROC k¥ivka

<*Rozdéleni diastolické tlaku ve skupiné normotoniki a

hypertonik{
<+*Vyznacené plochy ukazuji podil nespravné pozitivnich zavéerd
(normotonika zaradime mezi hypertoniky) a podil nespravné
negativnich zavért (hypertonika zaradime mezi normotoniky).

ROC kfivka
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Klasifikatory




k-NN



™ 1NN - nejblizsi soused

<*Trénovani — generovani modelu
¢ Uloz trénovaci data
<Klasifikace — pouziti modelu

¢ Najdi nejblizsiho souseda a klasifikuj stejnou tridou

?
o © /0
A ®
O o ©O
@) ®) o

v

—


http://www.theparticle.com/applets/ml/nearest_neighbor/
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¢ Je tfeba néjak urcit podobnost vzor{ — jejich vzdalenost

¢ Vzdalenost musi splfnovat urcité podminky:
1. d(xy)>0.
2. dx,y) =0iffx =vy.

3. d(xy) = d(y,x).
4. d(x,y) < d(x,z) + d(z,y) (trojuhelnikova nerovnost).

Dva body v n-rozmémém prostoru: P = (py,pa, ..., Pa) @ = (q1,92,---,Gn)

¢ Odmocnovani neni nezbytné nutne, kdyz vzdalenosti
porovnavame

Euklidovsk4 vzdalenost P a Q = v/(p1 — ¢1)2 + (p2 — 42)2 + -~ + (pn — qn)? = JZ pi — )%

i=1
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Vaha atributi

<*Problém — rl{izné rozsahy vzdalenosti

<+Pri urcovani euklidovské vzdalenosti maji atributy
riznou vahu — napf. p je 100x dllezitéjsi nez q

3,5,q
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Normalizace atributi

<+ Problém vyresime preskalovanim (normalizaci)

atribut(: .
d, =

max v, —minyv

vi — Avg(v;)
a =
nebo ' StDev(v,)

< Plvodni rozsahy se transformuji do <0,1>
i Kde presné je rozhodovaci hranice trid?
e ,/ ®

@)
O O
o ©O

O o) o p
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kNN — k nejblizsich sousedl

s»Klasifikace

=/

<+Priklad 3NN klasifikace: 5
e /.O
% .
O O

O o 0

v

—+»1ak zvolit optimalni k?
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Klasifikace
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Generalizace
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Nelinearni klasifikator
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—II_ . ] AV 4 AV 4 Y 4
Jak zjistit preuceni?

m Rozdélit na trénovaci a testovaci data.
= Model vygenerovat na datech trénovacich.
m Chybu pocitat na datech testovacich.

mpg cyl disp hp wgt acc year Origin name

15 8 400 150 3761 9.5 70 usS chevrolet_monte_ TRAIN
14 8 455 225 3086 10 70 usS buick_estate_wag TEST
24 4 113 95 2372 15 70 JpP toyota_corona_mi TRAIN
22 6 198 95 2833 15.5 70 Us plymouth_duster TRAIN
18 6 199 97 2774 15.5 70 Us amc_hornet TEST
21 6 200 85 2587 16 70 Us ford_maverick TRAIN
27 4 97 88 2130 14.5 70 JpP datsun_pl510 TRAIN
26 4 97 46 1835 20.5 70 EU volkswagen_1131 TRAIN
25 4 110 87 2672 17.5 70 EU peugeot_504 TEST
24 4 107 90 2430 14.5 70 EU audi_100_ls TEST

35



Diskuze k NN

<+*Velmi popularni metody a Casto i velmi uspésné

<+»Ale pomalejsi vybavovani

¢ Pri klasifikaci musim projit celou trénovaci mnozinu
<»Pozor na vahy atributd

+ Redenim je normalizace dat
<DUlezité najit vhodné k

¢ Abychom minimalizovali chybu na testovacich datech
<*Pouzitelné i pro regresni problémy



Naivni Bayesovsky klasifikator
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Bavesovskeé uceni

<»Bayesovské uvazovani

¢+ je zakladem pro algoritmy uceni, které primo manipuluji s
pravdépodobnostmi

¢ je nastrojem pro analyzu a pochopeni ostatnich algoritmd
strojového uceni

<*Vyhodou metod bayesovskeho uceni je schopnost
klasifikovat priklady do trid s urcitou
pravdepodobnosti.

<*Metody Bayesovskeho uceni:

¢ Bayesovsky optimalni klasifikator
¢+ GibbsUv algoritmus
¢ Naivni bayesovsky klasifikator

¢ Uceni bayesovskych siti



Naivni bayesovsky klasifikator

<*Naivni bayesovsky klasifikator vychazi z predpokladu,
ze jednotlivé evidence £, ... £, jsou podminenée
nezavislé pri platnosti hypotézy H. Pak plati

P(H)

K
P(E |H
P(El,...,EK)H (& 1H)

i=1

P(H | El,...,EK) ==

<»Naivni bayesovsky klasifikator:

K
Hyp =argmax P(H ;)| | P(E; | H ;)

H] lzl



_II_

Priklad — naivni Bayes

Pro 1lustraci tohoto postupu vezméme opét ulohu poskytovani uvéru, tentokrat ale pouze na zakladé
vyse piijmu. Prepokladeyme, Ze banka vyhovi u 2/3 Zzadosti o uvér; tedy apriorni pravdépodobnosti
budou P(pujcit)=0.667 a P(nepjcit)=0.333. Dile piedpokladejme, Ze vysoky piijem mélo 91% klientl,
kterym banka pujéila a nizky piijem mélo 88% klientt, kterym banka neptyjéila. Tedy
P(vysoky pojem |pucit) =091  P(nizky prijem |pujcit) = 0.09
P(vysoky_piyjem |nepujcit) = 0.12 P(nizky prijem | nepujcit) = 0.88.

Piedpokadejme, ze posuzujeme klienta s vysokym prijmem Bude vétsi pravdépodobnost, ze banka
pijéi nebo ze nepiyéi? Podle Bayesovy véty spoditame
P(vysoky_ptijem | poycit) x P{pujcit) = 0.607
P(vysoky_prijem | nepujcit) x P{nepujcit) = 0.040

Tedy Hawsr = pujcit. Vime tedy, ktera hypotéza je pravdépodobnési, pfestoze jsme primo nespocitali
aposteriorni pravdépodobnosti obou hypotéz. Tyto pravdépodobnosti ziskame, pokud budeme
uvedené hodnoty normovat tak, aby jejich souéet byl roven 1.

Vyhodou bayesovskych metod je pravé tato schopnost klasifikovat priklady do tfid s urcitou
pravdépodobnosti. Tuto pravdépodobnost mizeme interpretovat jako spolehlivost rozhodnuti.




Pravidla, stromy
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Pravidla

«» proceduralni sémantika

JESTLIZE situace PAK akce

% deklarativni sémantika
JESTLIZE predpoklad PAK z&vér

% situace, predpoklad a zavér jsou kombinace tvrzeni o stavu svéta



RI:
R2:
R3:
R4:
R5:

Pravidla a stromy

IF (age>38.5) AND (years-in-job>2.5) THEN y =0.8
IF (age>38.5) AND (years-in-job<2.5) THEN y =0.6
IF (age<38.5) AND (job-type='A") THEN y =0.4
IF (age<38.5) AND (job-type="B") THEN y =0.3
IF (age<38.5) AND (job-type="C’) THEN y =0.2
s Age

o
: Years in job
. Gender
- Job type

e e
B

0.6 0.4 0.3 0.2

Decision tree:
Ta <=547.6988:
... TmaxToff > 37:
: ....pozice_maxima_z_mapy03x <= 37: 1 (3)
. : pozice_maxima_z_mapy03x > 37: 2 (3)

: TmaxToff <= 37:

: ....pozice_maxima_z_mapy08x <= 59:
:....T_max_poz82 <= 0.78626: 2 (32.6/11.5)
. T_max_poz82 > 0.78626: 3 (15.4/2.9)

. pozice_maxima_z_mapy08x > 59:
:...T_max_hod01 <= 378.8304: 1 (2)

: T_max_hod01 > 378.8304: 2 (8)

Ta > 547.6988:

... Tw > 14.5955: 3 (2)

Tw <= 14.5955:

....T_max_hod46 > 148.9341: 2 (5)
T_max_hod46 <= 148.9341:
....T_max_poz75<=0.7622: 2 (2.1)
T_max_poz75 > 0.7622: 1 (14.9/1.9)

Size of decision tree : 10.
Accuracy: 79,5%
(@) (b) (c) <-classified as
18 (a): class 1
2 42 (b): class 2
16 10 (c): class 3

Rules:

Rule 1: (14/1, lift 4.3)

Ta > 547.6988

Tw <= 14.5955
T_max_hod46 <= 148.9341
T_max_poz75 > 0.7622
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Rozhodovaci stromy — ID3

< Diferencialni diagnostika

% Algoritmus TDIDT (ID3 - Quinlan, 1986)

1. zvol jeden atribut jako koren dilciho stromu,

2. rozdel data v tomto uzlu na podmnoziny podle hodnot
zvoleného atributu a pridej uzel pro kazdou podmnozinu,

3. existuje-li uzel, pro ktery nepatri vSechna data do téze tridy, pro
tento uzel opakuj postup od bodu 1, jinak skondi.
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Rozhodovaci stromy — volba atributu

< Pro korenovy uzel se vybira takovy
atribut, ktery objekty od sebe
maximalnée odlisi.

< Vlyuziva se proto napr. entropie (mira
informacni hodnoty atributu)

< Entropie |

H :—:—KZS:PiInPi
=1

< Vypocteme H pro vSechny priznaky a zvolime priznak s minimalni
entropii H.
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Rozhodovaci strom
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Indukce stromu z tréenovacich da | 

< dano: S ... trénovaci mnozina (mnozina klasifikovanych priklad()

1. Nalezni "nejlepsi" atribut at0 (t.j. atribut, jehoz hodnoty nejlépe diskriminuji
mezi pozitivni a neg. priklady) a tim ohodnot’ koren vytvareného stromu.

2. Rozdél mnozinu S na podmnoziny S1,S2, ...,Sn podle hodnot atributu at 0 a
pro kazdou mnozinu prikladd Si vytvor novy uzel jako naslednika pravé
zpracovavaného uzlu (korenu)

3. Pro kazdy nové vznikly uzel s prirazenou podmnozinou Si proved”

¢ Jestlize v Si nejsou Zzadné pripady, pak je uzel listem a pro rozhodnuti pouzij rodice.
Konec.

¢ Jestlize vSechny priklady v Si patfi do stejné tfidy, pak je uzel listem a jeho rozhodnuti
bude tfida, do niz priklady patfi. Konec.

+ Jestlize nezbyl atribut, podle néhoz se mizeme rozhodovat, a Si presto obsahuje priklady
vice tfid (chyby v datech, Sum), pak je uzel listem a jako rozhodnuti pouZij majoritni tridu
z Si.

¢ jinak pokracuj ve vétveni: jdi na bod 1 s tim, ze S : = Si.
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Prima klasifikace

<» Ukazka diagnostiky spirometrie — rozhodovaci strom

&% Driznalas BENIC — nicilAavina viFAalal Lanacida EFEE\/1 _
FEVIFVC = 70%
fe At
restridetiond ano l l ne  béina
i +—— FEV1aFVC = 80% pred. hod. FEV1 < 80% pred hod ——— spirometrie
ne Ao
bésk dpirometre . o ) FEV1 < 60% pred. hod —%— “02
Caad SPrOITIETIE 0 bl o pred. ho — b tI"I.ll{
eduovas FE‘JI‘— FEV1 < 80% pred. hod. QDSHULCE
s atio
befnd spirometrie  ano M ne  mirma
redukovang FYC & FVC < 80% pred hod FEV1 < 40%pred hod—— e
biini g ano i
spitommettie obstrukce
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mN\y

Stromy se slozitéejsimi uzl

W, X W oW = 0




Dalsi klasifikatory
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Kritérium minimalini vzdalenosti

< Porovnavani klasifikovanych obrazl se vzorovymi
obrazy — tzv. etalony

< Lze pouzit v Ulohach s oddélitelnymi mnoZinami obraz(

< Neznamé obrazy pak klasifikujeme pravidlem
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Klasifikator s diskriminacni funkci

< Pro kazdou tridu definujeme takovou diskriminacni funkci, aby pro
vSechny obrazy patrici do r~té klasifikacni tridy platilo

gi(x)>gix) [ re <1,R>,j=1,., R i#

J -

< Rozhodovaci pravidlo pak nabyva tvaru

®, = max (gi(x)), j= 1,..., R

< Rovnice rozdélujicich nadploch urCime resenim soustavy rovnic

9(x)=9;(x)—gi(x) [i,j=1..,R I#
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Linearni diskriminacni funkce

%+ Diskriminacni funkce ve tvaru
9, () => 0% + o, i=12,..,R
j=1
< A funkce g(x) ma tvar

g(x) = 91(X)_ gz(x) = (q1 _qz)T ’X_(qlo _qzo) = qT X+,

06

04r

oW ow N

02r

|:|_

-0.2F

04}

1 1 1 1 1 1 1 1 1
-0 -0.6 -0.4 -0.2 u] oz o4 (L1 0a



_II_

Klasifikator s diskriminacni funkci

< Struktura klasifikatoru

ot g1 (x)
+ 92 (x) \
\ - .
g;i (%) » porovnani -
/ =

- gr (x)
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Linearni klasifikator - perceptron

®
X — VStupy nueronu

%A w; — vahy neuronu

W, u f o = ® - prah neuronu

/ u — vnitrni potencial neuronu
Wn

y — vystup neuronu

y=f ZN:WiXi -0
=1

Funkce f:
Sigmoida: f (u) :L
S 1+e™

o 1 pro u>0
Heavisideova funkce: f, =

0 pro u<0
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Perceptron a XOR

» Rozhodnuti nelze aproximovat
linearni funkci.
s+ Marvin Minsky & Seymour Papert
tyto autority zastavily vyvoj v
NN na 12 az 15 let.

%+ Rumelhart & McClelland sestavili neurony do vrstev.
< Vysledky vypoctu byly predany dalsi vrstve.
» Tato myslenka se opira o dva prlilomové napady ...

» Skokovou aktivacni funkci perceptronu nahradila spojita funkce (napr.
sigmoida)

» Byl navrzen novy algoritmus uceni — metoda zpétného navraceni
(backpropagation)
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Vicevrstvé neuronove site

<« Vrstvena sit’ typu m —k;—k,—...—k.—n

¢ se vstupni vrstvou dimenze m
¢ s vystupni vrstvou dimenze n
¢ s r skrytymi vrstvami

AN /NS

(] A
NS N7

S AV, ‘\ 9,
v ‘2:\"&’&”[“&9’3:“’&’/1’7&.“?’1&
N2 X
25
N

A YAYA% O\ K/
50
16‘1&$

N SO
7/
RS I IR 77
"“} Q"&‘»“ \" '/' ‘,«‘\“ ’

Priklad:
sit' 4-6-6-6-3 m=4

]
W

n

7 W “‘9 A
SN

N

7\
W/
<+ Uméji realizovat libovolné spojité zobrazeni z m rozmérného

vstupniho vektorového do n rozmérného vystupniho prostoru
s libovolnou presnosti.

< Lze najit prislusné skryté vrstvy sité a hodnoty vah



Priklad klasifikace

Spravneé tridy Architektura site
~
@ O pro tfidu A
1 pro tridu B
—
Kroky uceni
t=50 t=100 t=150 t=200
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Linear classifiers: Which Hyperplane?

< Lots of possible solutions for a, b, c.

“*Some methods find a separating
hyperplane, but not the optimal one

¢ E.g., perceptron

“*Support Vector Machine (SVM) finds an
optimal* solution.

¢ Maximizes the distance between the hyperplane
and the “difficult points” close to decision
boundary

¢ One intuition: if there are no points near the
decision surface, then there are no very
uncertain classification decisions




'+ Support Vector Machine (SVM)

“*SVMs maximize the margin
around the separating Support vectors
hyperplane.

% A.k.a. large margin classifiers

“*The decision function is fully
specified by a subset of training
samples, the support vectors.

“*Solving SVMs is a guadratic >
programming problem Narrower

margin Maanlzes
margin

“*Seen by many as the most
successful current classification
method*

*but other discriminative methods
often perform very similarly



Maximum Margin:

Formalization

“*W: decision hyperplane normal vector

“*X; data point /

<y class of data point /(+1 or -1)

Classifier is: f(x;)) = sign(w'™: + b)
<*Functional margin of Xx;is: Y. (WX + b)

¢ But note that we can increase this margin simply by scaling w, b....

“*Functional margin of dataset is twice the minimum
functional margin for any point

¢ The factor of 2 comes from measuring the whole width
—0f the margin

61



T Linear Su

4

L X 4

W x+b=0

o0

L)

% This implies:
WT(X,—X,) = 2

p - ||Xa_xb||2 = 62



Classification with SVMs

“*Given a new point X, we can score its
projection onto the hyperplane normal:

¢l.e., compute score: WX + b =sayx™x + b

»» Decide class based on whether < or > 0

¢ Can set confidence threshold ¢

Score > t yes

Score < -t no

Else: don’ t know




Linear SVMs: Summa

“»The classifier is a separating hyperplane.

“*The most “important” training points are the support vectors;
they define the hyperplane.

“»*Quadratic optimization algorithms can identify which training
points Xx; are support vectors with non-zero Lagrangian multipliers
d:»

“*Both in the dual formulation of the problem and in the solution,
training points appear only inside inner products:

Find a;...a, such that f(x) = Zaiyi-l_ b
Q(a) =X¢; - %ZEaiajyiyjis maximized and

(1) Zay;=0

(2) 0<o;<Cforall ¢

64



Expertni, DSS a CBR systéemy
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Zpusoby reprezentace znalosti

% predikatova logika
% sémanticke sité
“ ramce

< pravidla

¢ proceduralni sémantika
JESTLIZE situace PAK akce

¢ deklarativni sémantika
JESTLIZE predpoklad PAK zavér
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Data a znalosti v procesu rozhodovani &8

Vzdeélani

N\

/nalosti

N\

s

Zkusenost

Rozhodovani

l

Data

[nformace

s




PocCitaCové programy simulujici rozhodovaci Cinnost
lidského experta pri reseni slozitych uloh a vyuzivajici
vhodné zakodovanych specialnich znalosti prevzatych
od experta s cilem dosahnout ve zvolené problémovée
oblasti kvality rozhodovani na Urovni experta.



Vs VWV /I

«»»Tri Castli

¢ Baze dat
¢ Baze znalosti
¢ Inferencni mechanismus

Expert —#

»Zajimavy problém
ziskani znalosti od
experta

»Prace s neurcitosti

»»*Moznost automatického

_____rozsirgvani baze znalosti
pomoci uceni

Fonowledge
Acquisition

Tnteractise Featires

Hatural Language
raphics

Data
Eaze

L

Frnowledge-

=1

Tzer
Interface

Explanation
A dvrize
I OeTy

Controller or

Infere nce Engine




—I_ ry Y 4
Role expertniho systemu

“» expert

% kolega

+» asistent
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Charakteristickeé rysy expertniho systéemu

<+ oddeleni znalosti a mechanismu pro jejich vyuzivani
< neurcitost v bazi znalosti

<+ neurcitost v datech

%+ dialogovy rezim

% vysvetlovaci Cinnost

<» modularita a transparentnost baze znalosti
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Schéma expertniho systému

baze znalosti

I

@: “* komunikadéni [*%* mferendéni “ data k
RN . o
modul mechanismus ptipadu

I

vysvétlovaci

modul




% Diagnosticke

¢ diagndza (MYCIN, INTERNIST)
+ interpretace (DENDRAL, PROSPECTOR)
¢ monitorovani (VM)

% Generativni
¢ navrh (R1/XCON)

¢ planovani (MOLGEN)
¢ predikce (GLAUKOMA)



[ Atributy a vy

rok

» vyrok (auto ma &ervenou barvu)
% atribut, hodnota (barva_auta = éervend)

%+ objekt, atribut, hodnota (auto_25: barva = ¢ervenad)

< typy atributQ:

¢+ kategorialni (binarni, nominalni, ordinalni)
¢ numerické
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Inferencni sit’

chiipka

ZVysena
teplota

horni cesty
dychaci

kasel

< uzly = tvrzeni (dotazy, cile, mezilehlé uzly)

% hrany = pravidla

boleni v kiku




Metody inference

< logické metody (dedukce, abdukce, indukce)
<»zpétné nebo primé retézeni
<»generovani a testovani

< vyuziti analogii
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Zpetne retezeni

< Vychazime z cil,
které chceme odvodit a
pokousime se nalézt
oravidla umoznuji
tyto cile potvrdit 1
vyvratit

chiipka

Zvysena
teplota

horni cesty
dychaci

boleni v krku
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Prime retezeni

< Vychazime z faktd,
které jsou splnéna a
pokousime se nalézt
aplikovatelna pravi

chiipka

N

Zvysena

horni cesty
dychaci

teplia_/
kaéel—/‘

boleni v krku
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Inference v diagnostickych |

«» prohledavani baze (zpétné nebo primé retézeni)

< aplikace pravidla (dedukce)

_____ pozorované
:_ priznaky
|
|
! r
rnalosti . formulace‘\\_

hypotézy _/l
T e a
|
|
|
:— —————— - hypotéza
|
: zamitni/
! Zpresni
Lo testovani \ p

hypotézy ‘/‘

prijmi
diagndza




Neurcitost

» Ve znalostech

¢ Zadatel s vysokym pfijmem splati Gvér bez problémd
¢ Zadatel s vysokym prijmem nejspis splati Gvér

+ V datech

¢ Zadatel o Gvér ma mésicni prijem 20 500 korun

¢ Zadatel o Uvér ma vysoky mési¢ni prijem

¢ Zadatel o Gvér ma mési¢ni prijem asi 20 000 korun
¢ Zadatel o Uvér ma asi vysoky mési¢ni prijem




—II_ Y 4 AV 4 Y 4 N = m
Vviadreni neurcitosti

% trojhodnotova logika
%+ pseudopravdépodobnost (Bayesiv vztah)
< miry d@véry a ned@véry

< vahy (algebraicka teorie)



Trojhodnotova logika

< Ke dvéma ,standardnim" hodnotam 1 (true) a 0
(false) se pridava treti
hodnota X (unknown).

< Tato hodnota umozni vyjadrit, ze pravdivostni
hodnota néjakého
tvrzeni neni znama:

A -A ArBl0O X 1] 9T[4vBJ0 X | 4=B[0 X 1]ké
0 1 0 [0 0 0 0 |0 X | 0 111
X X X XX ¢ %X %% ¥ X%
10 L. [GX 1| 2|31 |9211 1 [0 X 1|ke

legace konjunkee disjunkee inplikace
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Pseudopravdéepodobnostni pristup

< Mira postacitelnosti

| P(E,H)
~ P(E,H)

<+ Mira nezbytnosti

P(E, H)

L= P(E, H)




V 4 \4 \4

Miry davery a nediver

2 Mira dlvéry (meassure of belief)

P(H,E) — P(H)

MB(H,E) = I

<+ Mira nedlvéry (meassure of disbelief)

P(H) — P(H,E)

MD(H,E) = PO

*%* Faktor jistoty CF(H,E) = MB(H,E) — MD(H, E)
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Algebraicka teorie

pro znalosti v podobé pravidel

predpoklad = zavér (vaha)

<»vypocet vahy predpokladu (NEG, CONJ], DISJ)

<»vypocet prispevku vahy predpokladu k vaze zavéru
(CTR)

<» Kombinovani vah pravidel se stejnym zavérem (GLOB)
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Vysvetlovani

< dlvody pro vysvétlovani

¢ uzivatel ziska vétsi diivéru v zavéry systému
¢ tvlrce aplikace mize lépe ladit bazi znalosti

% typické moznosti vysvetlovani

¢ why (proc systém klade tento dotaz)
¢ how (jak systém odvodil své doporuceni)



<+ DUvody pro aplikaci

¢ expert neni primo k dispozici
¢ expert odchazi a je treba zaskolit zastupce
¢ snaha zajistit standardizaci zp{sobu rozhodovani

% ZkuSenosti z Uspésnych projektd

¢+ ziskejte experta pro spolupraci
¢ zamérte se na koncového uzivatele
¢ pouzijte inkrementalni zplsob vyvoje



VVyvoij zna

lostniho systému

softwarovy projekt, klicovou roli hraji znalosti

ANATVEA

[dentiikace

Shodnocem

l

SPECIFIKACE

-1 - -
I relnovani
Clnliostd

[Ivadn predstava

NV

ApTresnovaril

<l
—

I };{ﬁii"u::ﬁ.'sh}‘l\

\

|
I'{mlg-npt ualni

navrh
Navrh

implementace
[hplementace

YVvhodnocent
I

VY TUSIVANI

T
Nasazreni

[T r#zha

[detailm pohliled
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Vyhody pouziti expertnich systémui

< zvysSena dostupnost expertizy

<+ snizené naklady na provedeni expertizy
< trvalost expertizy

<+ opakovatelnost expertizy

< rychla odezva



" Limituijici fakto

< chybéji efektivnejsi techniky ziskavani znalosti

< chybéeji presné testovaci procedury

< nedostatecné integrovani do pouzivanych technologii

< znalostni inZzenyri kladou maly dlraz na aplikacni
oblast



CBR — pripadové usuzovani



Case based reasonin

“+Case-Based reasoning (CBR), broadly construed,
is the process of solving new problems
based on the solutions of similar past problems.

“*Reasoning by remembering



= ]
Case based reasonin

Problem

8 -

RETRIEVE
<‘

\General Knowledge/

[ REUSE

Confirmed REVISE
Solution

RETAIN

A

Suggested
Solution
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CBR cycle - Retrieve

<+One or several cases from the case base are selected,
based on the modeled similarity.

“*The retrieval task is defined as finding a small number
of cases from the case-base with the highest similarity to
the query.

“This is a k-nearest-neighbor retrieval task considering a
specific similarity function.

“*When the case base grows, the efficiency of retrieval
decreases => methods that improve retrieval efficiency,
e.g. specific index structures such as kd-trees, case-
retrieval nets, or discrimination networks.
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CBR cycle - Reuse

“*Reusing a retrieved solution can be quite simple if the
solution is returned unchanged as the proposed solution

for the new problem.
“*Adaptation (if required, e.g. for synthetic tasks).

“*Most practical CBR applications today try to avoid
extensive adaptation for pragmatic reasons.



[ CBR cycle - Revise

“In this phase, feedback related to the solution
constructed so far is obtained.

< This feedback can be given in the form of a correctness
rating of the result or in the form of a manually corrected
revised case.

“*The revised case or any other form of feedback enters
tl?qe CBR system for its use in the subsequent retain
phase.
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CBR cycle - Retain

“*The retain phase is the learning phase of a CBR system
(adding a revised case to the case base).

< Explicit competence models have been developed that
enable the selective retention of cases (because of the
continuous increase of the case-base).

“*The revised case or any other form of feedback enters
tl?qe CBR system for its use in the subsequent retain
phase.







Priklady vyuziti klasifikace
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Holter

riklad

<*Roztridéni (clustering)
beatl z holterovského
EKG zaznamu

<*Na zakladé zmerenych
parametrd vypocitan
median

<+Cil: Koherentni skupina
pro dalsi diagnostiku




We used constant or adaptive segmentation in our experiments (according to
the specific tasks)

Example of adaptive segmention of one EEG signal:

100 -

Amplitude [pV]
Amplitude [pV]

=100 -

1
(%3]
[==]

! ! ! !
0 5 10 15 20 25 Time [s] 0 5 10 15 20 25 Time [s]

Amplitude [pV]
8 o B

Amplitude [pV]
L s 0B
—

0 5 10 15 20 25 Time [s] 0 5 10 15 20 25 Time [s]
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amplitude [-]

Phase 3

Automatic classification of recording
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Example of incremental learning process on long-term sleep EEG data

Wa.ke T T T T T T T ] Wa.ke T T T 4
NREM! - 7 NREM! b
REM ! REM
I NREM2 - NREM2 7 5
NREMS3 - J NREM3 7
NREM4 1 1 1 1 1 L L a NREM4 1 1 1 1 L 1
0 1 2 3 4 5 6 7 8 3 4 5 6 7 8
time [h] time [h]
Wake ! T ! 3 Wake T T
NREMI 1 NREM!
REM | A REM 1
NREM2 | NREM2 i 6
NREMS3 - 1 NREM3 b
NREM4 £ 1 1 1 L ! ! * NREM4 £ 1 | I I I 1
0 1 2 3 4 5 6 7 8 3 4 5 6 7 8
time [h] time [h]
Wake ' ! 3 Wake T T
NREMI 1 NREM!
REM | REM 1
3 NREM2 | NREM?2 i 7
NREMS3 - 1 NREM3 b
NREM4 £ 1 1 1 L ! ! * NREM4 1 | I I I 1
0 1 2 3 4 5 6 8 3 4 5 6 7 8
time [h] time [h]

Wake ] T 3 Wake

NREM! 1 NREMI

REM |

NREM2 -

NREMS3 |-

e VREM4 £ 1 I 1 I I | | NREM4
0 1 2 3 4 5

REM
NREM2

1 NREMS3

7 8 8
time [h] time [h]



Fp1-F7 coherence in gamma band

= Spatial navigation

Intrahemispheric and interhemispheric coherences resulted in 10% lower error rates
comparing to features in previous studies. There were new navigation strategies
identified.

Both planes Horizontal Vertical 1ststraight Turned 2nd straight Best Features

Allocetric Egocentric Difference | Difference] Difference | Difference | Difference | Difference

Delta v v \‘~' i

-
=
E
r. N (Aq : - E
e | tey ‘e 4
s’ - oy =
=
£ PR
Y. Y. . : . g — ., sk
Theta y ‘ g ‘1 I S [ £ [ ] W I 8 | Egocentric : 0.8~ | © Egocentric Participants| ey e
. 4 > @ Y > E Allocentric Participants L
2 05~ Sl
Alpha V. e | ) N ] - z * :{&{Eﬁ'y"
= 2 2 os RARRL i
. +
I E * F & :‘;;%&
¢ = 02~ wffe ¥,
Z \ A A A - ™ o= . + L
Beta WA i (o> .} \‘,v.." : . £ } Allocentric @ N . ‘+++ % "’;{1‘
OO SO DO & T : +
N . < ” y X 5 T
£ 1 T 4
&) 0.8 —
! »

Gamma ‘Q« ‘ﬂ e x 4

(=]
>
/
o
=
Y
/
s /
n
J
/
/
/

0 05
Coherence in gamma band between electrode Fpl and F7 Coherence in theta band between electrode T5 and T6

Allocentric frame Egocentric frame
F Mean feature values
- B 20 -
1st straight Turmed 2nd straight J =~ Alocetric Participant
| - +— KEgoceniric Participant
| ™, Mean Value 4
L M ! _ 5 e Mean Value i
i ! = ]
g i E Il;'
+ | R
=
[ EERNRSRE IPeugeass g e
: S =
o i — ’ ‘ _ T e
- S I — - E
! | | = B
i 1 )
| (=]
L — — I i R e oo ?‘*—‘0/"‘3--"‘)—*'6‘*—-, e et I ettt et St

15 20 25
Non task Tunnel Selection Non task Tunnel Selection Time (sec)




bpm 1 bpm
KARDIOTACHOGRAM P o o b oL o s o i g e o 1=
- T e e o s
" kiivka srdeéni frekvence plodu (FHR) = = E
+ 120-1— —i—=
I | A = =
= S s : A ‘[I wk; s e | Jﬁ - | seq
X A VAN = =
T an s i e L . = o A
T T T et =
i q
=T e 3
hod.udaj | —|{—|~1 o bl =
0 -pflma skalpova elektroda fﬂ‘ ;
14 - 24— 874
R poumpes SSEMECDEES
»AS
' '::‘v Icm nin #09140 S 90—
3“”'"""“'1””’ 3 [ ot B
T externisnimaé ——f" resgens s1T1T = Eo—o—
1 ks kfivka délozni ¢innosti rodicky |- b= % o
I a o ] -
74 A e T ¢l
VI LA Nk o™
el N S i l X
I i s Y
a — WAS

Expert annotation
Inter/intra observer variability
Artifact removal Feature correlation assesment
Time Frequency
L
HD‘E?E_:::“ | Segment selection [A Wavelet HRV i’ Feature statistical assesment
selection Interpolation + Resampling -V o *
Data acqusition oninear
Detrend (nonlinear only) Feature extraction Feature ranking
Signal preprocessing Feature assesment
—— o .
T “* Pre-processing
|
! R .
| a8 | o +» Feature extraction
] b A 14
il i "‘"|‘|nl]]|' [ “
i { 1 | : . .
: l ? | | | | - %+ Feature Selection
, | | [ i |‘ ‘_|\ (| [ | ",'I“ '[,1'\.‘ | ;'.J'{"jv" ‘,1«'”“ "'; | _‘“;w':,-
5 S ‘r.i_‘","\,'{_',“" 1 e . . e .
VARl )‘ ‘l.""ff [/ < Diagnosis/Classification
o 'y .
tl |f ! w 1 . . .
Lk 1.1 %% Visualization




_II_

% Description of database

% Signal pre-processing
Example of FHR-baseline estimation on recording fram CTL-UHE db

¢+ Artefact detection ' - ' ' ' T
feature-significant S AN . “ﬂ”‘{& it b Nk
noise estimation 13nﬂ( \ myaL g ]

¢ Baseline estimation 125 1 i

*»» Feature extraction 120} 1
: E 15} ]

¢ Parametrizace Sy u

0 == [l | a

izolinie = 1

105 .
¢ Parametrizace ol ,m_ ot 1IN |
deceleraci

B FHR ]

T Estimated haseline
¢ FIGO gU|dI|neS A #  Data-points belonging to deceleration i
a8 40 42 44 45 43
Time [min]
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o ¢ Signal (fHR) transfer Android 2

| ¢ MAS device information [ s cev. staue |

eB ¢ Phone info / Signal commands |cm —— |
MAS device ¢ Recording settings I - |

| . = | ﬁ App for Hospital/expert eval.

8 & g i Feedback!

Storage







Selected Practical Aspects of
Automated FHR Analysis

Vaclav Chudacek

CTG analysis group
Czech Institute of Informatics, Robotics and Cybernetics
CTU in Prague

v.1.0 SPaM2015 Lyon
Latest revision: 19.03.2015



Context of the work
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“*FHR is measured by US or fECG

% Signs of hypoxia are sought for

" «+Decision are made based on FHR

and clinical data

+*Qutcomes:

 Healthy babies

% Caesarean sections (20-50% in C2)

+ Pathological pH (1-3%) —> severe
cases may result in neurological
damage such as cerebral palsy etc.



_II_

EXTERNAL MONITORING ) INTERNAL MONITORING
R ARinteral ®
L |
= “‘ - A~ “‘ A\

/ -/ \/ \
yterine contractions

W

~

/[ \ | externd transducer
W ‘“toco”

uterine contractions

ultrasound sersor —f=

| wcalp
elextrode
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fotal heart rate

Ex pert annotation f 1
/ f Inter/intra observer varability
Artitact removal [ ] Feature correlation assesment
~+ Tirme Frequency
/ Ultrasound sensor A Homogenous Segment selection J\ — .- [J\‘} Feature statistical assesment
data-set y A [ ! Woavelet HRW 1’
selection oolati . -V N
Scalp electrode Interpolation + Resampling -—-N y ¢
Data acqusiion onlinear ,
Detrend (nonlinear only) Feature extraction Feature ranking
Signal preprocessing | Feature assesment |
*»Machi tati f FHR i d
**Mlachine representation O IS USE



Sources of motivation and
frustration

“Wisdom comes from experience. Experience is often a result of lack of wisdom.”
- Terry Pratchett
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General
“»*Automated analysis?

“Ill defined inputs

% Databases in general — small, and very difficult to compare
% CTG segment used for evaluation — how long, how far, which stage
% Other inputs — e.qg. clinical, technical, etc.

% Ill defined outputs

% What type of outcome do we use as an indicator of CTG/FHR class

¢ pH+BDecf (reason: Cerebral palsy — objective/statistical sound
outcome measure): not very useful (very few cases)

¢ Apgar5 (reason: ? — current CPR techniques are able to get over 7 in
5th minute in most cases): unreliable (subjective, not necessary related
to hypoxia)

¢ pH alone (reason: it is easy): best (it does not relate to the long-term
outcome, about 20% of measurements are wrong, no clear threshold)

¢ Expert evaluation (reason: that is how it is done in the hospital): -
(large variability, increased defensiveness in evaluation)
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Chinical
‘»Hard to assess real-life CTG evaluation

% Interventions due to multiple factors

% CS with normal objective outcome (how often was it necessary?)

% Low-risk pregnancies not monitored

% Bad outcomes often related to very low quality or missing recordings

“*Guidelines in intrapartum CTG not very good regarding:

¢ Clear explanation of reasoning
¢ Consistency, Repeatability
¢ Reasons for use (cf. history of the CTG introduction)

“*Increase of CS without impact on # of hypoxic babies
“»Existence of many related confounding factors

“*Variability among fetuses (e.g. male vs. female)
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Technical

“»*Majority of works done on static evaluation only

% One window (usually length < 40min, sleep episodes not considered)
% Often no prediction (evaluation of full data)

“»Limits of technical methods not advertised

% Ultrasound or STAN recordings — huge difference in terms of quality
% Some methods need certain length of recording without noise
% Tocographic data — hardly usable

“»Lack of pathological cases
“*Preprocessing of the data is feature-dependant

‘+»Almost none of the other information available in the
hospital is not considered




Pieces of our work

(addressing in part the general problems above)



Database
CTU-UHB cardiotocograpic database
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CTU-UHB database

14 492 deliveries

<Collaboration with
—=| 871 non-singleton pregnancies excluded .- = -
y Ob&Gyn clinic in Brno

13 621 singleton deliveries

7637 missing information/ excluded
* no CTG record 7

- +USG and STAN dat
* no intrapartum CTG record * a n a a

Y * no pH values

e 4352 clinical/ excluded: “0n Iy mature fetuses

* premature (gestational weeks < 37)

P + maternal age < 18
* pCO2 out of 95% CI for pH = 7.05

Y * length of II. stage = 30 min.
1632 deliveries with selected

clinical parameters. 514 CTGs parameters/ excluded:
* length of FHR < 30 min. in L. stage

90 min. preceding delivery “*First open-access CTG

= + length of FHR < 40 min. in I. stage

in 90 min. preceding delivery & pH = 7.15 d t b
| . atabase

no FHR signal more than 30 min.

1118 deliveries with selected before delivery

CTG parameters

“»Common ground for
v { v v algorithm comparison

BOVAG 417 random (VAG 16 (CS 30 random (C5
& pH=7.15 & pH = 7.15) & pH < 7.15) & pH = 7.15)

i “*Available at Physionet

552 records in CTU-UHB
database

Chudacek et al. Open access intrapartum CTG database, BMC Pregnancy and Childbirth, 2014
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Outcome measures for CTU-UHB

“*Subjective — expert evaluation

*+ Annotations acquired via CTG Annotator
% Majority voting, Latent class model based on 9 experts

¢ Apgar score
L NWW i VWW‘L
nm | ? T

“*QObjective ,
% pH, pCO, BDecf, BE = &=

\
Moo |

o b
19:40 19:50

[ b
’ = Gravidity/Parity: 1/0. Gestational week: 42 Age: 29 1st stage of labor: 500 min — —
‘ ‘ Indication for termination |

¢ L n T ——m = T

1] i A R Ay |
180 il L] i |
- i i 1 Ll

Wik i
ir WEL o oo
* . . I i I TN 1 1 0
o0 aJO ty S 5 e A AR AR AN AN
| A uy ,
* rl I 910 1620 1830 i ;Fzm _ 1;%;/“ —_—
| Normal H Suspicious Pathological ‘ ‘ Mot possible to evaluate
‘ | [Next] I
] = T bout
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Educational SW using the db

Pr&béh porodu Priznaky z automatické figoanalyzy NaméFené hodnoty
Bazeline: 145 Bradycardia: 0
Matka: v&k 25, GRAV |, PARA |, tyden 40 + 5, indukovany porod ne Stress Ratio: 7 LTV: 19
9/6/2014 _04:00 Spont. odtok STV 7
plodové vody _21:45 C5=8; 5ml MNovorozenec: zena, 3230 g, pH 7.17

penicilinu ve T00mi FR iwv.

_10/6/2074 _02:00 2,5mi PNC ve
100ml FR iv. _04:00 Epidural _05:00
Epidural _06:00 2,5m! PNC ve 100 m/
FRiw

06:00 - 06:30
Progres = 3cm

06:50 - 07:20
Progres = 4cm

_08:30 500mi FR+5j Quytocin _08:45

Epidural —— — ——— ——

08:50 - 09:20 5 0306 09:08 0510 0311 03:13 0315 03:16 o318 03:20 0321 09:23 093:25 09:26

Progres = 5cm

_09:30 Epidural

5 05%:06 03:08 05:10 09:11 03:13 09:15 03:16 03:18 09:20 09:21 09:23 09:25 09:26

10:10 - 10:40
Progres = 8cm
= = £
'z""“‘*x==="xl:ﬂ*xx“*x“nuxxxx“ xx ow g * T ®  xXE L Lw * x‘xxlfx!x“,gxx’xx‘!""tx:\f"""x ="
5 05:06 03:08 05:10 05:11 03:13 059:15 09:16 09:18 09:20 093:21 09:23 05:25 09:26

10:40 - 11:10
Progres = LEM 14 [ 4

FIGO guidelines  TQRS guidelines






Signal pre-processin

< Gap & Artefact detection

% Gap removal (< 155s)

% Artefact rejection

% Bernardes inspired thresholds

% Adapted to 4Hz from beat to beat

sampkes [

0 1000 2000 3000 4000 5000 S000 FODD =000 300]
samples [-]
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FIGO features

<+ Official obstetrics guidelines for CTG evaluation
*+Circular definition of Acceleration/Deceleration

“»Baseline detection based on histogram assessment
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Features

“*Morphological features (FIGO

“*Time-domain (6)
“*Freq.-domain (13)
“HRV (4)
“*Wavelet (15)

“*Nonlinear (12)

*+»In total 55 features

5

Correlation map

baseMea

baseMed

baseSD
C

[m L [ = w_— _ c = <
233 = § £82.8895.5.5.§
OO S8 LSS www oo c2 5552222222
O FEse DD DLV BDM——LLXWLWE,, ODODDELLII=NE=ENENES
O FEECCE R e R s oii o oSS assoadans s
<xOm=dJ00dJcEsoaslforsofoo00s0dorur Due w0000
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scale gives value of R for each variable pair

0.6
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Classification

data
(feature set,
class labels)
! 50 x 4 fold cross validation
50 times 4 fold cross validation
randomly 4-training/ .
divide for test sets training set SMOTE
4-fold CV x )
A
feature
selection
classifier
learning
test set perfcrmc—anr:e |
evaluation J
|
performance
of 1 x 4-fold CV
|
¥
aqgregated
performance

of 50 x 4 fold CV
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Comparison of results

reference

100 = e

G—mean [%]
1

| 1 1 | 1
100 200 300 400 500

data size

(Chung et al.. 1995)
(Bernardes et al.. 1998)
(Cao et al.. 20006)
(Georgoulas et al., 2006)
(Goncalves at al., 2006)
(Salamalekis et al., 2006)
(Costa et al, 2009)
(Warrick et al., 2010)
(Helgason et al.. 2011)
(Spilka et al.. 2012)
(Georgieva et al., 2013b)

(this work)
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Shared database of path. cases

“*We need a common ground to compare

“+Getting the data is cumbersome and unrewarding job
<»But most hospitals now have electronic CTG records

“*There is no ,perfect database" yet

“*Experience shows that joining different approaches
brings improvement across the board (kaggle.com)

“Individual phase followed by joint effort phase

“+Could we build one together?



Outcome measures

Man-machine comparison
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Comparison of results

reference

100 = e

G—mean [%]
1

| 1 1 | 1
100 200 300 400 500

data size

(Chung et al.. 1995)
(Bernardes et al.. 1998)
(Cao et al.. 20006)
(Georgoulas et al., 2006)
(Goncalves at al., 2006)
(Salamalekis et al., 2006)
(Costa et al, 2009)
(Warrick et al., 2010)
(Helgason et al.. 2011)
(Spilka et al.. 2012)
(Georgieva et al., 2013b)

(this work)



[ Classification (3

‘»Selected features

% Low spectral bands
% Decelerations
% Poincare plot SD2

Naive Bayes SVM
sensitivity | # | 60(53-67) w1 53 (47-60)
specificity i1 75 (72-77) | i1 78 (75-80)
precision [# | 23 (20-25) [ . 23 (20-26)
F-measure [ # | 33(29-36) [ # . 33 (28-37)
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Clinical evaluation vs. pH

“*Real-life CTG evaluation o o
comparison vs. pH

60

50

40

30

proportion of classes [%]

“»Variability

20

10

“*Overall poor sensitivity - - e

clinicians

normal ===  suspicious ——= pathological mmmm uninterpretable —=

“*Sensitivity drops Step3 -> Step4
“*Why?

N s sp s * s B s sp

pH = 7.05 29 (12-54) 92 (88-95) 41 (20-65) 86 (81-90) 86 (45-99) 86 (79-90) 38 (18-63) 94 (91-97)
BD > 12

majority

voting 30 (9-62) 92 (87-95) 50 (22-78) 86 (81-90) 50 (3-94) 83 (76-88) 22 (4-56) 93 (89-96)
Apgar <7 50 (10-90) 91 (87-94) 50 (10-90) 85(80-89) 100 (5-100) 83 (76-89) 75 (25-99) 93 (90-96)
pH = 7.05 41 (20-65) 94 (91-97) 41 (20-65) 94 (90-97) 40 (15-71) 93 (88-96) N/A N/A

hospital BD > 12

e = 60 (29-85) 94 (91-97) 60 (29-85) 94 (90-96) 25 (1-75) 92 (87-95) N/A N/A
Apgar < 7 0 (0-53) 92 (88-95) 0 (0-53) 92 (87-95) 33(2-86) 92 (87-95) N/A N/A

Hruban et al. Agreement on CTG intrapartum recordings between expert-obstetricians, J. of Eval. in Clinical Practice , 2015
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Clinical evaluation vs. pH

“»Real-life CTG evaluation
comparison vs. pH

[%]

“»Variability

proportion of classes

“*Overall poor sensitivity

clinicians

ormal ===  suspicious ——= pathological mmmm uninterpretable ==

“»Sensitivity drops Step3 -> Steln34
“Why?

end of st stage delivery
CTG evaluation, 30 min. CTG evaluation, 30 min. CTG evaluation, 30 min. Labor outcome prediction
Step 1 Step 2 Step 3 Step 4
1st stage 2nd stage

Hruban et al. Agreement on CTG intrapartum recordings between expert-obstetricians, J. of Eval. in Clinical Practice, 2015
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Clinical evaluation vs. pH

“*Real-life CTG evaluation o o
comparison vs. pH

60

50

40

30

proportion of classes [%]

“»Variability

20

10

“*Overall poor sensitivity - - e

clinicians

normal ===  suspicious ——= pathological mmmm uninterpretable —=

“*Sensitivity drops Step3 -> Step4
“*Why?

N s sp s * s B s sp

pH = 7.05 29 (12-54) 92 (88-95) 41 (20-65) 86 (81-90) 86 (45-99) 86 (79-90) 38 (18-63) 94 (91-97)
BD > 12

majority

voting 30 (9-62) 92 (87-95) 50 (22-78) 86 (81-90) 50 (3-94) 83 (76-88) 22 (4-56) 93 (89-96)
Apgar <7 50 (10-90) 91 (87-94) 50 (10-90) 85(80-89) 100 (5-100) 83 (76-89) 75 (25-99) 93 (90-96)
pH = 7.05 41 (20-65) 94 (91-97) 41 (20-65) 94 (90-97) 40 (15-71) 93 (88-96) N/A N/A

hospital BD > 12

e = 60 (29-85) 94 (91-97) 60 (29-85) 94 (90-96) 25 (1-75) 92 (87-95) N/A N/A
Apgar < 7 0 (0-53) 92 (88-95) 0 (0-53) 92 (87-95) 33(2-86) 92 (87-95) N/A N/A

Hruban et al. Agreement on CTG intrapartum recordings between expert-obstetricians, J. of Eval. in Clinical Practice , 2015






T Latent class analysis

“*The latent class analysis (LCA) is used to estimate
the true (unknown/hidden) evaluation of CTG and to
infer weights of individual clinicians’ evaluation — the
latent class model (LCM).

+*The LCM considers clinical evaluation as a finite
mixture of multinomial distributions.

“*Finite mixture models have fixed number of
parameters and the standard method to estimate

these parameters is expectation maximization (EM)
algorithm.
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Latent class models
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Case studies — different
experiments / projects in
the field of CTG processing



“Case study " 3:
Mobile CTG

(with Siemens A.G. Austria)




[ General schema of mCTG

o ¢ Signal (fHR) transfer Android 2

| ¢ MAS device information [ s cev. staue |

eB ¢ Phone info / Signal commands | S — |
MAS device ¢ Recording settings I - |

w6 = ;-,l =% I nte rn et @ ®‘ i

| . — | ﬁ App for Hospital/expert eval.

8 & g i Feedback!

Storage




signal processing
”} ‘ " ‘ l MAS mCTG D2
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“Case study " 5:
OB information system —

The Delivery Book

(by Michal Huptych@CTU)
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Electronic delivery book

% The application has been deployed as pilot version.
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Domain model in obstetrics
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“Case study " 6:
Clustering of FHR using
SAX

(with
George Georgoulas@TEI of Epirus)




Srdce

Pres fyziologii, snimani a klasifikaci k budoucimu vyvoji
v aplikované elektrokardiologii

Vaclav Chudacek



I.Uvod do Gvodu - co je to srdce?
e Co rikaji encyklopedie
I1.Srdce z morfologického a funkcniho pohledu

e Anatomie srdce

e Elektrofyziologie srdce

e  Akcni potencial

e Pacemakerové bunky

e Prevodni systém srdecni
NVznik" EKG

ITI.EKG
e Svodové systémy pro méreni EKG

e EKG krivky
e Pocitacovy popis EKG
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Prehled prednasky (2

IV.Typy méreni EKG — principy a pristroje

Standardni 12ti svodové EKG
Holter

Automaticky defibrilator
Multisvodové EKG (BSPM)
Echokardiografie

A-EGM

Kardiotokografie a HRV
Telemedicina

V.Nemoci srdce (patoelektrofyziologie) a jejich lécba

e Poruchy rytmu
e Infarkt myokardu

VI.Umélé srdce




I.Uvod do Gvodu - co je to srdce?
e Co rikaji encyklopedie
I1.Srdce z morfologického a funkcniho pohledu

Anatomie srdce
Elektrofyziologie srdce
Akcni potencial
Pacemakerove bunky
Prevodni systém srdecni
e Vznik" EKG

III.EKG
IV.Pristroje k méreni EKG
V.Nemoci srdce (patoelektrofyziologie) a jejich lécba

VI.Umélé srdce



[ Encyklopedickeé zaklad

. The heart is the beginning of life; the sun of the microcosm, even as the sun in his turn might well be designated the
heart of the world; for it is the heart by whose virtue and pulse the blood is moved, perfected, made apt to nourish,
and is preserved from corruption and coagulation, it is the household divinity which, discharging its function,
nourishes, cherishes, quickens the whole body, and is indeed the foundation of life, the source of all action... The
heart, like the prince of a kingdom, in whose hands lie the chief and highest authority, rules over all."

William Harvey, 1628

: (

kteryz zvlastnimi prepazkami a chlopnémi je rozdelen jednak na
pravou a levou cCast’ Cili zkratka na pravé (cor dextrum s.
venosum) a leve s. (cor sinistrum s. arteriosum), z nichz kazde
opetne na sin i komoru.

eho i podoba se srovnava s pesti, jindy s kuzelem

nepravidelné oplostélym, kteryz zpodinou se obraci vzhiruiv
pravo, otuBenym hrotem pak vpred dolu a na stranu levou, kdez

jeho uder byva v 5. mezizebri u bradavky znatelny.
<+Objem s. je proménlivy; primérna vaha byva 275 g a pricny
obvod 250 mm.

<»Umisténo je za kosti hrudni v prednim oddilu meziplici
(mediastinum) ve vaku srdecnim naléhajic na stredni oddil

ranice.
b d € Reference: Ottiv slovnik nauény
2003

K/

»Srdce (lat. cor, fec. kardia) u cloveka je duty svalnaty ustroj,

“»Velikost f
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Encyklopedickeé zaklady (2

+*Pri poslouchani srdce stetoskopem ozvy slysitelné jako lub-dub

¢ Prvni ozva (lub) je zplisobena zrychlenim/zpomalenim krve a _
vibracemi srdce v okamziku uzavreni trojcipé a mitralni chlopne.

+ Druha srdecni ozva (dub) je zplsobena zrychlenim/zpomalenim krve a
vibracemi srdce v okamziku uzavreni plicni a aortalni chlopne.

+Srdecni frekvence kazdého z nas se meni v zavislosti na veku

¢ 130-140-100-60 od novorozence po dospélého

<*Mensi zvirata maji rychlejsi srdecni akci...

¢+ Plejtvakovec Sedy — 9bpm

¢ Tulen obecny — 10bpm pfi potapéni a 140bpm na sousi
¢ Slon 25bpm

¢ Clovék 70bpm

¢ Vrabec 500bpm

¢ Rejsek 600bpm

¢ Kolibrik 1,200bpm ve visu (doziva se az 15ti let!!!)

Reference: Wikipedia -
http://cs.wikipedia.org/wiki/Srdce
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Encyklopedickeé zaklady (3

% Srdce v Cislech

¢ Primérné srdce pumpuje 70ml v jednom stahu
¢ Primérna srdecni frekvence je 72 beatll za minutu
¢ V priibéhu dne je to tedy vice nez 100 000krat.

<+Za jeden rok je to témér 38 milion{ stah(
<V 70ti letech vam srdce bilo v pr@iméru vice nez 2,5 miliardkrat!
<+ Srdce prepumpuje v priiméru 5 litrd za minutu

¢ 7200 litrG za den
¢ 2,628,000 litrd za tyden
¢ 184,086,000 litr& za 70let Zivota

To neni vibec Spatné na 4,5 kg pumpu!



I1.Srdce z morfologického a funkcniho pohledu

Anatomie srdce
Elektrofyziologie srdce
Akcni potencial
Pacemakerové buriky
Prevodni systém srdecni
° VzZnik" EKG

I11.EKG

. Svodové systémy pro méreni EKG

. EKG krivky

. Pocitacovy popis EKG
IV.Pristroje k méreni EKG

V.Nemoci srdce (patoelektrofyziologie) a jejich mozna lécba

VI.Umélé srdce
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Anatomie srdce

homi duta |
2ila 7
plicni
chlopen

leva predsin vétve plic
prava piredsin
aortalni chlopen
mitralni
chlopen

trojcipa chlopen —+
7

\id
Slasinky —

P i Reference: Wikipedia -
septum \‘ i
sval
- - FNHK -
7 komora

dolni duté zila MCCK -

Sipky ukazuji tok krve srdcem


http://cs.wikipedia.org/wiki/Srdce
http://www.fingerland.cz/img/aktivity/srdce1.jpg
http://mcck.pardubice.cz/Srdce.jpg

T Anatomie srdce (2

homi duta
zila 7
plicni

chlopen

leva predsin vétve plic
prava predsin
aortalni chlopen
mitralni
chlopen

trojcipa chlopen

slasinky — : :
prava komora
septum X
sval
leva
tuk komora

dolni duta zila w —

sipky ukazuji tok krve srdcem

Reference: Wikipedia -

MccK -



http://cs.wikipedia.org/wiki/Infarkt_myokardu
http://mcck.pardubice.cz/Srdce.jpg
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Elektrofyziologie srdce

<*Srdecni bunky
+ Membranovy potencial kardiomyocytt je dan distribuci (koncentraci)
Na*, K+, Ca?*, CI- vné/uvnitr srdecni bunky

¢+ V klidovém stavu distribuce naboje na obou stranach membrany neni
rovnovazna (homogenni)

¢+ Klidovy membranovy potencial (+ vnéjsek, - vnitrek b.)
¢ Na*: vné 140 mM, uvnitr 10-15 mM
¢ K*: vné 4 mM, uvnitf 140 mM

¢ Pricinou nerovnovahy v rozdéleni naboje je kiidova neprostupnost
membrany pro ionty a rovnovahu udrzujici mechanismy

¢ Vzrusivost myokardu - vznik akéniho potencialu
< Selektivni a Casové harmonizovana prostupnost membrany
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Reference: BioElectromagnetism -


http://www.bem.fi/

Elektrofyziologie srdce (3

Phase 2 (I ogand 1y;)

L

O0mV
Phase 3 (1
Phase 0 100 ms ( Ia
I Ry —_ T-Ca?* kanal
Na Effective refractory period (ERP)
.. - Phase 4 %f also I, 1) Pacezrlellgeg___
-85 mV / N
Nonpacemaker
Na Ca
Outside A 7N Na Na

Inside ~_ K Ca Na Ca 1

K Sodium Na/Ca Diastolic currents
Action potential pump  exchanger
currents
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Pacemakerové bunk

<*Primarni SinoAtrialni uzel (SA)

¢ 100 bpm
¢ Ovlivhovan sympatikem a parasympatikem +/-
¢ Adrenalin/noradrenalin primy efekt

<*Sekundarni AtrioVentrikularni uz
¢ 40-60 bpm

< Tercidlni — HistQv svazek
¢ 30-40 bpm

Pacemaker Action Potential

<Zména permeability membrany vUicéi drasliku

< ,Funny current" - sodik




Left
atrium

branch

Right

ventricle Left
ventricle

Moderator band '

~ RlLeft bundle

Purkinjee fibers i
~ " branch

Reference: ScienceArt -

PAFO -

Activation of the
atria

Qs

Activation of the
veniricles

T Wave

Recovery wave

Mormal Heartbeat



http://www.science-art.com/
http://www.pafo.co.uk/cms/
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Prevodni system srdecni (3

|
|
I
|
|
|
Sinus 1
node \
I

Atrial
muszcle }

A
node }

O man
bundle }

Bundle
branches }

Furkinje
fibers

“ertricular
muscle }

Reference: BioElectromagnetism -

I I | | I I 1
Time[ms] 0 100 200 300 400 500 GO0 704


http://www.bem.fi/
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Vznik EKG signalu

ATRIAL SERTAL AP CAL LEF TWENTRICUL AR
DEPOLAR I ZATION DEPOLARIZATICN DEPCLARIZATICH DEPCLARIZATION
s0ms 220 ms 230ms 240ms

R
= A P A
" Q "
T T T T T T T 1 T T T T T T 1 T T T T T T 1
i} 200 400 600 [m=] 1} 200 400 G600 [m=] I} 200 400 600 [ms]

Reference: BioElectromagnetism -


http://www.bem.fi/

LATE LEFT “EMTRICULAR WEMTRICLES
DEP QLARIZAT M DEPOLARIZED
250 ms 350 ms

A R
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Ll L =
SR /
g ‘\. \l
Y 1
‘-‘- _.-“
R
fa]
2]
o}
by
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REPOLARIZATION REPOLARIZED
450 m= GO0 ms

Reference: BioElectromagnetism -


http://www.bem.fi/

III.EKG

. Svodové systémy pro méreni EKG
. EKG krivky
. Pocitacovy popis EKG
IV.Typy méreni EKG — principy a pristroje
Standardni 12ti svodové EKG
Holter
Automaticky defibrilator
Multisvodové EKG (BSPM)
Echokardiografie
A-EGM
Kardiotokografie a HRV
Telemedicina

V.Nemoci srdce (patoelektrofyziologie) a jejich mozna lécba
. Poruchy rytmu
. Infarkt myokardu

VI.Umélé srdce
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Meéreni EKG

PuoroGrari OF A CoMPLETE ELECTROCARDIOGRAPH, SHOWING THE MANNER IN WHICH THE ELECTRODES ARE
AtTAcHED TO THE PatiENT, IN Tints Case e Haxps aNp Oxe Feor BEING IMMEESED IN JARS oF
SaLt SoLuTioN
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Svodove systéem

Reference: BioElectromagnetism -


http://www.bem.fi/

avR

aVL

aVF

Reference: BioElectromagnetism -

Mid-aillary
line



http://www.bem.fi/

0373172001 01:34:4% PM
28 years aal

T NORMAL SINUS RHYTAM, RATE |

- NORMAL ECG -

PRELIMINARY-MD MUST REVIEW

Reference:



http://www.stefajir.cz/
http://www.zzs.cz/odbtem/
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IV.Typy méreni EKG — principy a pristroje
Standardni 12ti svodové EKG

. Holter

. Automaticky defibrilator
. Multisvodové EKG (BSPM)
J Echokardiografie

o A-EGM

J Kardiotokografie a HRV

. Telemedicina

V.Nemoci srdce (patoelektrofyziologie) a jejich mozna lécba

J Poruchy rytmu
. Infarkt myokardu

VI.Umeélé srdce



12-ti svodove EKG
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Automatic




Holterovske EKG

<*Dlouhodobé zaznamy, 24-48 hodin, zjednoduseny
svodovy systém

“+Holterovskeé vs. 12ti svodové EKG:

¢ Nevyhody . m..
« Méné svodl ﬂ

< Vice Sumu

< Vétsi problémy s rozmérovanim vin o %7\
< Pohybové artefakty kg,
< Vétsi dynamicita RR intervall

BTL-08
‘ ECG HOLTER

¢ Vyhody
< Vétsi casovy rozsah
< UziteCné pro detekci arytmii
< Pokryva vSsemoznou lidskou aktivitu



Patient: Vall(HrnIk | Date of Recording: 2005.00.16

Graphs (HR, ST, @T) / Full Disclosure - ECG

HR Avg[bpm]
Ep[";“”g] e TP AR IR R e yrt O T
Qe [msec]
- bt it oo bttt — Sttt
ST lewal
CH1 [mv]
o — - e fa SRR Lot icctenolININ Nl i |
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— cimian e i S L )
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AF 000 % | Toe fooom0 B[N 55006 (o5 %), G0 [000%). V- 455 05 %) 0.0 (D00%) :I_I.EJ_IE_IMJ.IJJM
-2 L M [ " L3 L LR [ % 5 [

< Velka variabilita kvality
signalu

UBTL-08 - ECG HOLTER SYSTEM - BTL - PC Software Version: V4.01.RCS

CH1 [mv] "

[ - | Repor P Setirgs Heb W Eominens
Patient: Vasik Hrosik 2005.09.16 Graphs {HR, ST. QT} / - ECG Record
HR Avglbpm] 1 200
- i | 150
EP [mmHg) s D s =) 1::
QTc [msec] B
600
- PMMM&— . sdalt 400
200
ST level
0.2

<*Velka robustnost
detektoru vin je potrebna

k detekci jednotlivych EKG
vin.

0.0
-0.2
ST level
CH2 [mv] ‘ 0.2
— ‘ A 0.0
0.2
x]
T T T T T 17 T T T
Time [h]: 4 Hours

AF 000%

V-5 D35 %), 0.0 {100 %]

_'_ux x ﬂdml»l«lb

Y i




Holterovske EKG

% Shlukovani beatl z
EKG zaznamu

<*Median vypocitany na
zaklade zmerenych
parametrd

< Cil: Diagnosticky
vazané skupiny pro
preciznéjsi diagnostiku
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BSPM

« 80 unipolarnich elektrod je rozmisteno ekvidistantné na
hrudniku v matici 16x8 elektrod — Ceskoslovensky vyrobek
Cardiag 112.2

<128 elektrod v matici BioSemi na FU 1.LF UK

“sPfedzpracovani signalu muze vyuzivat rizné metody — napfr.
waveletovou transformaci

“*Priznaky se daji vyhledavat na vytvorenych mapach — viz
nasledujici prusvitky

1 2 3 4 56 7 8 9 10 1112 13 1415
1le o 0 0 o0 o c{ooaoo
|
2000000000:{00000
|
|
3oonunonoad|uocno
|
Jonoouooooc{uoooo
|
|
5o o 0o 06 6o 8 06 6 o d 0o 06 0 o o
Anterior Poderior
a) b)
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Isopotencialové ma

< Zakladni typ map definovan jako P.=U,(t), t=konst.,1=1,2,..,n

& Body Surface Potential Mapping - ECG maps
Source of map(s) Save map(s)

=10l x|
Type ofmap | Type of display

| ! - -
! ! { 04 =7 men S mVimem
I __‘__ﬁ—\—w
i 1 IREE = 0227 me 10 =V frers
0.4 =/ men 20 sV e

1300.0
11000
8000
=00.0
3000

0

-300.0

-600.0

-800.0

-1200.0
-1500.0

max. on map: 12100
min_ on map: -1375.0

Value on map: 295.0
s e J:J E

Select alactod

qu}erqor
o Lz

ST ]

Since Tl Step
Figure of showed map: 84

L3
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Isointegralni ma

t
% Mapy jsou vypocteny jako P,= j U. (t)dt

t

& Body Surface Potential Mapping - ECG maps
Source of map(s) Sava map(s) Type of map Type of display

2
3 &3
4
5 u‘m =
Select 2lactod Anternior Posterior
Since

Figure of showed map: 84

Tall

Step

!
l i

-
04 7 men

02 =i

0.4 =/ men

= 5

-
S mVimen

10 m\;m:n
20 sivires
13&00.07
100000
2000
=00.0
25000
o
-3400.0
-600.0
-800.0
-14000.0
-17000.0

max. on map: 10650

min. onmap. -10173.0

Value onmap: 53110
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Isochronni ma

Mapy jsou vypo&teny jako T, =f (U, (t))

=8|

& Body Surface Potential Mapping - ECG maps =
Source of map(s) Sava map(s) Type of map Type of display
- -
0.4 27 men S mVimem

02 =f e 10 =V i
0.4 =/ men 20 sV e

1 2 3 4 5
- 3 = i’ i} O 052
ogze
0736
0644
0.552
045
0.368
0.276
0.184
0.0%2
0.0

max. on map: 0.92
min. on map: 0.0

Value on map: 0407

E S S o

Select alactod Anterior Posterior

5

Since Tal Step
Figure of showed map: 1
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Rozdilove ma

“*Mapy jsou vypocteny na zakladé rozdilu dvou isointegralnich map
Di=U; -U,, respk, -F,

&Budy Surface Potential Mapping - ECG maps

=1oi x|
Source of map(s) = Save map(s) Tyoe of map | Type of dispiay |
555 i } ! b Pt H H ® -
B acinaERefRRNE Fhny 2 ns AERSSIRBRANE ; Pisimed  Smvim
"""""""""""" 0237 m 10 savines
0.4 =/ men 20 sV e

|

6800.0
SE000
41000
22000
14000

o

-2800.0
-5600.0
-8400.0
-12000.0

-14000.0

max. on map: 6696.0

min. on map. -13180.0

Value on map: 0.168
Select electod 7

T O]
<

Posterior

,‘i
Since sl Step
Figure of showed map: 1




3D mapovani, inverzni uloha

<+Vizualizace srdecni aktivity na epikardu
<+*Méreni milze byt provedeno pfimo na srdci
<+MUze byt vypocteno z BSPM

<*Vede k inverzni Uloze elektrokardiografie

<*Vyhledavani lozisek arytmii
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Zpracovani BSPM zaznamii

< Inverzni Uloha:

+Redeni Ulohy prepoctu povrchovych potencidlli na
srdce

¢ Problematika elmag. pole
¢+ Vliv téla - nutnost znat umisténi a natoceni srdce
¢ Spojeno s CT nebo MRI vysSetrenim

<*Predpokladané vyuziti predevsim ve fyziologii
arytmickych zmeén

< Hledani (urceni) umisténi nekrotické tkané
na srdci po infarktu
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Zpracovani A-EGM

<+ Signaly ziskané z méreni uvnitr srdce pri katetrizaci —
atrial electrograms (A-EGMs)

<*Podle signalu Ize urcit podil daného bodu na arytmii

Fanking class -1
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A-EGM Feature Extraction Phase
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Zpracovani A-EGM (3

+Vznika uloha automatického stanoveni

Hodnoceni expertem: 1

0.5

e s e e e

-0.5
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8 i
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Echokardiografie

<+*Snimani srdce ze stredu pravé siné — UZ na katetru

<*ResSeni automatického, resp. semi-automatického
rozméreni pro volumometrii

¢+ hledani okraj pomoci aktivnich kontur napf. pomoci B-splajnt
¢ Potreba definovat spojité a hladké hranice objektu
¢ Inicializaci provadi uzivatel - semi-automaticka analyza

10F 10

: g
IKEM Inlrocord
HIHI Ganeted

dadB  $1/+140/4
i

gan= 0dE  a=1
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Echokardiografie
< Automatickeé urceni vyskytu tzv. koure

<»Neni uplné jasna fyziologicka podstata toho jevu
¢ Jeho vyskyt se ukazuje jako celkem dilezity diagnosticky

parametr
= v V 4 A4 V4 V 4 \Y4 \YA 4 4 \Y4
¢ Velmi obtizne rozliseni vyskytu koure v obraze s vyssim sumem
7 ¢ WOLEJNIKOVA DAGHMAR : 325229/024 : K&U 06 Jun 05
|KEMProha [KEMPraha
0 80 i 1952:38
10F 10 : 10F10 116H2
100 IKEM Introszardioe 100 : |nu~a:ar§vnlm
NTHI Generd : v NTHI Generd
190 F : 4 6BOE  S1/+1/0/4 180 k > G808 S1/+1/0/4
Gar= 0dB  a=1 , 3 7 Gar= 106 a=1
200 200

HR=124hpm

280 280

300 300

380 380
400 400
480 450
800 500

550 580
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Algoritmy pro systém pro podporu

== rozhodovani v porodnici.
mn Slouzi k detekci hypoxie pfi porodu.
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[ HRV analyza
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Trendy v elektrokardiografii

<»Zaméreno na prevenci

<*VétsSi moznosti
kontroly pacienta
diagnostickych nastrojl
a jejich vysledkd

<*Nova metodika
snimani EKG pro —
sensory vetkané do
obleceni

<*Nové zpUsoby
zpracovani signalu na
mobilnich telefonech a
PDAckach

“»Impulzem pro
telemedicinské aplikace
jsou rychlejsi, levnéjsi a
spolehlivéjsi sité
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Bluetooth
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Zpracovani EKG - PDA

ECG Arrhythmias . T | - @
w Premature -

25 arrhythmias

Eﬁﬂﬁ
& P “ T
il [d'ﬂ B i i

FRI | QRS | Rate Rh}-’thl‘n HEm =k I =l e Him =0 1 fet] SHE | =

e = HE iEi Atrial Flutter

Frermature Atrial Contraction
YWandeting Pacernaker
--- Junctional Rhythrns
Accelerated Junctional
Junctional Ezcape Rhythrn
Junctional Tachywcardia
Prernature Junctional Contr.
Supraventricular Tachy
=== Atriowentricular Blacks
Firzt Dnegree AN Block +*

Appears early {mu}r be lostinthe T
waved, Has a different shape than the |
other P ungwes,

TFFaTE]

Marrnal PR interval: between 012
second and 0.20 second {3 1o & small

w Wandering Pacernaker bosces) and constant.

foom Buttons
let you get
a closer look

Pacernaker function wanders
zinus node, atria, and AY junction.




V.Nemoci srdce (patoelektrofyziologie) a jejich mozna lécba

. Poruchy rytmu
o Infarkt myokardu

VI.Umélé srdce




Onemocheéni srdce

Vyznamné onemocnéni srdce:

¢ Ischemicka choroba srdecni
¢ Angina pectoris
¢ Infarkt myokardu
% Rychlé odumirani bez pfistupu kysliku(krve)
¢ Congestive heart failure Méstnava choroba srdecni
% Ztrata sily srdeCniho svalu
¢ Endocarditida and myocarditida
s Zanét
¢ Srdecni arythmie
% Nepravidelnost rytmu
¢ Vrozené vady

“*Mozné zpUsoby lécby

¢ By-pass nebo angioplastika

¢ Beta blokatory — snizuji srde¢ni frekvenci a tlak
¢ Nitroglycerin

¢ Transplantace srdce

s Vroce 1967 v Groote Schuur Hospital v Kapském mésté (JAR) bylo Christiaanem
Barnardem poprveé implantovano umélé srdce lidskému pacientovi. (pfezil 18 dni)




St VETTRI RV
'?'f"“i*? i i R i e i N e .f L LE IN i
___J! HBEp ;; #,_____, __‘{ |é_~ L

d

i i |
I, €82 : i

e i cuses 3 JT:',“ 1}]"!" %[~

bess | |
—}W,rﬂ—-{h—l
| i

s+ ||

__: $5 | |
u n‘

e w2000

B




Ventrikularni fibrilace
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Pacemake

Atrial Pacing
The pacing lead is
inserted into the atrium

to cause atrial
depolarization.

Ventricular Pacing
The pacing lead is
inserted into the
ventricle to cause
ventricular
depolarization

Sequential Pacing
The pacing leads are
inserted into both the
atrium and ventricle
stimulating at set
intervals.




[ Okluze koronarnich arterii

Atherosclerotic

plaque

Cross section
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Heart

Stents
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Prehled prednasky -
I.Uvod do Gvodu - co je to srdce?

I1.Srdce z morfologického a funkcniho pohledu

III.EKG

IV.Typy méreni EKG — principy a pristroje

V.Nemoci srdce (patoelektrofyziologie) a jejich leécba

e Poruchy rytmu
o Infarkt myokardu

VI.Umeélé srdce
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Umeleé srdce

<Umelé srdce AbioCor, ktere je slozenoz
titanu a plastiku ma vpuste do ctyr casti:

<Prava sin
<+Leva sin
“*Aorta
“*Plicnice

Cely systém AbioCor vazi 0.9 kg



Umeleé srdce (2

The AbioCor
Artificial Heart
System

Artificial Heart
Mechanism

Wireless Energy
Transfer System

External
Battery
Pack

Internal
Internal  Rechargeable
Controller Battery
@2001 HowStuffWorks Unit




Umele srdce (3

“*Surgeons implanted the AbioCor
heart during a seven-hour operation.
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Umeéleé srdce — info od

<+ The AbioCor, developed by Abiomed, is a very sophisticated medical
device, but the core mechanism of the device is the hydraulic pump that
shuttles hydraulic fluid from side to side.

¢ Hydraulic pump - The basic idea with this device is similar to the hydraulic
pumps used in heavy equipment. Force that is applied at one point is
transmitted to another point using an incompressible fluid. A gear inside the
pump spins at 10,000 revolutions per minute (rpm) to create pressure.

¢ Porting valve - This valve opens and closes to let the hydraulic fluid flow from
one side of the artificial heart to the other. When the fluid moves to the right,
blood gets pumped to the lungs through an artificial ventricle. When the fluid
moves to the left, blood gets pumped to the rest of the body.

¢+ Wireless energy-transfer system - Also called the Transcutaneous Energy
Transfer (TET), this system consists of two coils, one internal and one external,
that transmit power via magnetic force from an external battery across the skin
without piercing the surface. The internal coil receives the power and sends it
to the internal battery and controller device.

¢ Internal battery - A rechargeable battery is implanted inside the patient's
abdomen. This gives a patient 30 to 40 minutes to perform certain activities,
such as showering, while disconnected from the main battery pack.

¢ External battery - This battery is worn on a Velcro-belt pack around the
patient's waist. Each rechargeable battery offers about four to five hours of
power.

¢ Controller - This small electronic device is implanted in the patient's abdominal
wall. It monitors and controls the pumping speed of the heart.




Photo-pletysmo-graphy
(PPG)
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Pulse Oximeters

“*The pulse oximeter uses
changes in reflected or
transmitted light to infer
volumetric changes
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The resulting
photoplethysmogram (PPG) gives
the temporal variation in blood
volume of peripheral tissue
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< Induces hypovolemia
by sequestering blood in
the hips and lower
extremities

% Sequesters between 2
and 3 liters of blood at -
90 mm Hg

Work done with Victor Convertino
and Gary Muniz at the Institute of

Surgical Research, Brooks Army
Medical Center
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Dekuji za pozornost!



