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OLDES
Older People's e-services at home

People:

Prof. Olga Stepankova, Daniel Novak, Petr Novak, Vratislav Fabian,
Karel Maly, Jan Hrdlicka, Martin Janouch, Lenka Novakova III. Interni
klinika, Vseobecnha nemocnice: Doc. MUDr. Martin Haluzik,
MUDr. Milos Mraz, MUDr. Miroslav Kremen, MUDr. Tomas Roubicek,
Jan Padera (DP)

Area: Asistive Ambient Living, Applied Gerontology

Goal: Diabete project: Glycemia prediction,
User Interface Development @E"t"l’{té? A
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Il OLDES GUI Prototype v0.1 CTU/UK 9.10.2007
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™ GUI Example
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" Giraffe project i

— Giraffe project and then spin-off

— Simple assistive robot

— 7000 Euros

— Navigation using mouse and fisheye camera 7
— Old person sees your face projected via webcameri Fa o g
~ 500 Euros lease per month -

— Nice video here:
— http://www.giraff.org/learnMore.html

Department of Cybernetics, Czech Technical University



" HeerMeFeelMe — i

— Finland example of NFC technology for pills reminding

- HMFM explores the possibilities for improving the quality of life by
providing mobile service access for the visually impaired older adults
using services related to (a) medication and medicine related
information and services, and (b) health monitoring and diet
information.

- Video: http://www.youtube.com/watch?v=ZBTIPd2iKhM
— VERY INTERESTING PAGE: http://mocs.vtt.fi/
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" Fraunhofer Portugal

— Mobile applications

— Special user interface
— Navigation for dementia people
— Mover — Risk of Fall detection

Department of Cybernetics, Czech Technical University
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Single DBS Neuron Processing

People:

Daniel Novak, Prof. O.Stepankova, 1.UK, Nemocnice Homolka:
MUDr. Robert Jech PhD, MUDr., Karel Schmidt (DP), Bc. Jiri Wild (DP),

Bc. Pavel Neuschl (DP)

Area: Biological Signal Processing

Goal: Do Neurons in Basal Ganglia Respond to Emotional
Content? Gopiomin )
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DBS

Electrode

@ Electric
pulse

— Implanted wire

Some effects are almost immediate and
seem to last. Allows doctors to target
brain circuits with great accuracy.

Requires brain surgery. Few patients

have received implants; little is known "
about how well it works. \ ) /T;)oratory A
Gerstne/r
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How: Functional stereotactic neurosurgery i]ii

— Surgery at sites deep within the brain
utilizing a stereotactic frame and
stereotactic coordinates.

— Used for making a lesion or implanting a
DBS electrode in thalamus or basal
ganglia for treatment of movement
disorders (PD, dystonia, ET), pain, etc.

sin

dex
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i DBS: Topography \ 1

VL nucleus of
thalamue

T _Globus
palidus

Subt ralanic

Substantia nucleus

nig-a
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ﬂ_Neuron single action potential — W

Tetrode

Debbie Maizels
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I 3)Visualization
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Main Idea

— Motivation
— Assign stimuli (picture, sound, movement) to different neurons !!!
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i Spike Detection
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|
i Spike Sorting: one channel, 3 cluster, PCA projection
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™ Dependence UPDRS or depression?

Stimulation

Neurons STN

Motoric examination

-

i
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~ IAPS experiment i

@ affective visual stimulation
@ a series of 24 |IAPS pictures

10 patients
43 recording positions

MicroEEG Data Recording

@ peroperative STN exploration
e integral part of DBS implantation

@ 5 parallel microelectrodes
@ sampling at 24kHz

baseline 1 stimulation 1 baseline 2 stimulation 2 time

141 recordings (74 from STN)

173 minutes (89 from STN)
176 neurons (101 in STN)

@ presentation for 2s + 2s
@ recording during presentation

@ pseudorandom ISls |
. . laboratory A
@ pseudorandom picture emotional content arst@

@ uniqueness

rersity



Bipolar & Schizophrenia
Analysis

People:

Daniel Novak, Ing. Jan Hrdlicka (PhD), Katerina Sedlackova (DP) , Jan
Poupe (DP), Radek Jedlicka (BP), PPC: MUDr. Filip Spanel PhD, EPSA:
(Dr. David Cuesta Frau)

Area: Biological Signal Processing, Temporal Pattern
Recognition, Multivariate Time Series Classification

Goal: Schizophrenia Relapse Prediction,
Prediction of Mania and Depressive states G/ﬁt

erstne
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i Sleep analysis
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I
I Questionnaries
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" Expertni systémy i

+E.s. — politalové programy, simulujici rozhodovaci €innost experta pfi ¥eSeni sloZitych uloh
a vyuzivajici vhodné zakédovanych, vyjadfenych specialnich znalosti, pfevzatych od
experta, s cilem dosahnout ve zvolené oblasti !

(E. Feigenbaum, 1988)

— Expertni systém (ES) je program, ktery simuluje
rozhodovaci Cinnost experta
- Prazdny ES je systém bez problemove zavislych Casti

/Boratory A
Gerst@
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'~ Diagnostika zavrati pomoci ES ——T

-PETR HAROM, DP, 2003

—obtiznost stanoveni diagnozy
—Sirokeé spektrum pricCin zavrati
—neurcity popis potizi

—potreba vCasné a spravneé diagnostiky
—riziko Urazu
—nebezpecCi rozvoje zavaznych

symptomu

/ia—b ooooo N
Gerst@
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" Pouzité diagnézy — 1

—Menierova choroba —Roztr. skleroza
-BPV —Fistula labyrintu
—Neuritis vestibularis —Labyrintitida
- Traumata —Cervikalni zavrat
—Tumory —Konverzni poruchy
—Toxické poskozeni —-Migréna
—Vertebrobazilarni

nedostatatecnost

/7 Iaboratory

Gerst@
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" Znaky ES —

1. Znalosti experta vyjadfeny explicitné =
2. Siroké spektrum znalosti (v&etn& znalosti ,, soukromych"), a metaznalosti

3. Konkrétni data k feSenému pfipadu — dodavana sekvenéné ve formé
Data tvofi tzv. databazi.
je uptesiiovan krok po kroku.

4. Zpracovani neurditosti.

Neur&itost muizZe byt

= ve znalostech
= v datech

= kombinovana

A
_//
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™ Struktura ES

Baze
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N
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" Diagnosticky ES — 1

IF { pfedpoklad E ) THEN (zavér H)
WITH (vaha W)

EH .............. tvrzeni
................ expertova subjektivni mira

A

o ,,7/
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15

Dotazovatelné x nedotazovatelné

vrcholové

mezilehlé

12 13
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Pseudobayesovsky p¥istup “Gerstrier )
Prospector
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P

vazba mezi O a P: O = —p

P(not HIE) P(E| not H) P( not H)

O(H) =

P(H) P(H)

O(H|E) =

P(not H) 1-P(H)

P(H|E) P(H|E)

L =

P(not HE) 1-P(H|E) ’

P(E\H)
P(E|not H)

O(H|E) = L - O(H)

O(H| not E) = L-O(H)




" Priklad baze znalosti — j

nodes // definice uzla {
je_benzin // jméno uzlu {
'V nadrzi je benzin'

// komentar, pouzito pro kladeni otazek - nepovinné
(bayesian, // bayesovsky uzel

0.5) // apriorni pravdépodobnost retriever

( wincf)

// ziskani dat od wincf (zdroj windows, certainity factor)
/* pokud se neuvede retriever, povazuje se uzel za
nedotazovatelny */ }

auto_ok {
(bayesian, 0.6, goal) // goal = cilova hypotéza
)
rules // pravidla {
{ je_benzin, auto_ok, 0.6, 0.1 } // pravidla a jejich vahy
// tj. auto_ok plati s psti 0.6, kdyz je benzin
// a plati s psti 0.1, kdyz neni benzin { predpokladil,
logicky_uzel } // pravidlo k logickému uzlu // ... a dalsi
pravidla
h
IF { predpoklad E) THEN ( zavér H) WITH ( vaha L) /7 laboratory
Gerst@

ELSE ( zavér H) WITH ( vaha L)
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" Baze znalosti i

—13 cilovych hypotez
—36 mezilehlych uzlu
—pres 140 pravidel [t mm— muznads0
-15 vazeb trvaminuty 2 o0

/
. 7’ / -~
trva az hoduu; R nad70
”

7’ 7/
/

7 . 0
trvahodiny ,#~ , ertebroriziko
7/

/
4 /
7
tr\"adny/ muz

/

/ .
trvatydny migr

sluchOK neurologpriz

Pravidla uzlu VERTE
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Dosazene vysledky, zaver

J,_

- Uspé3snost 81,5 % pfi testovani typickych pFipadd
- Uspé&3snost 69 % pfi testovani netypickych piipadd

—Prace overila vhodnost nasazeni expertniho
systemu pro danou problematiku

—Prace podnitila opraveni chyb a vylepseni
vlastnosti systemu FEL-Expert

—Pro nasazeni do praxe se oCekava pouziti

dvojnasobného mnozstvi uzlu

/ia—b ooooo N
Gerst@
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Roboticka chirurgie

Pod&kovani
Petr Smetana
Katedra kybernetiky
CVUT FEL
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™ Motivace k pouzivani robota

—ulehgeni a zkvalitnéni prace chirurga

- robot nepotrebuje odpoginek, neunavi se

- netrpi tresem rukou

-jemné&jSi a presné&jsi pohyby

—mensi zat&z pro pacienta nejen po fyzické, ale |
psychické strance

-V konesném ddsledku je operace provedena za pomoci
robota finangné& vyhodnéjsi: pacient je kratSi dobu
hospitalizovan, rychleji se maze vratit do aktivniho
zivota, mensi potreba nasledné medikamentozni I€sby

/ia—boratory A
Gerst@
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"Roboti chirurgisti
- Robot je ,,prodlouzenim® chirurgovych rukou v t&le
pacienta

- Typické pouziti je pro laparoskopické operace (jde o tzv.
minimalné& invazivni chirurgii) — malymi otvory se ramena
robota zavedou do t&la pacienta (dutiny brisni). Tu je
treba vyplnit plynem, aby se vytvoFil prostor pro
manipulaci s rameny. Chirurg je pritomen u operagni
konzole robota a ramena ridi pohybem specialnich
joysticka. Pohled do dutiny mu zprostredkovava kamera s
3D zobrazenim.

- Vyhodou takovychto robotickych operaci je Setrngjsi
provedeni operace, rychlejsi zotaveni pacienta (mensi
potreba nemocnigniho personalu), mensi jizvy, kratsi
pobyt v nemocnici, nizsi riziko infekce, neni potreba e
krevnich transfuzi... Gerstner )
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""Roboti chirurgizti i
- Robot dokaze odstranit tres rukou operatéra
- Moznost nastaveni prevodniho poméru pohybu rukou na
pohyb nastroja -> jemné&jsi provedeni operace
— 3D zobrazeni operasniho pole na rozdil od klasicke 2D
laparoskopickeé kamery

- Operatér se maze s operasni konzoli nachazet treba i na
jiném kontinents.

—Moznost trénovat na chirurgy na ,virtualnich® operacich

- Vice lidi maze sledovat operaci primo tak, jak ji vidi
operatéer

- Skvéla pohyblivost nastroji (6-7 stuprnd volnosti oproti 4
pri klasickeé laparoskopii), i v&tsi, nez pohyblivost rukou

/ia—boratory A
Gerst@
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"Roboti chirurgicti
e Pouziti nachazi v oblastech traviciho traktu,
gynekologicke, urologicke i srdecni operace

e Nevyhodou je absence jakehokoliv citu v
nastrojich, ale chirurgové si pry rychle zvykaji, a
pomeérné velka porizovaci cena robota a

potfebnych nastroju

Insertion, Pitch, Yaw




“+— Roboti chirurgisti ___r_
Systém daVinci 1200 od fy Intuitive Surgical

_—

laboratory A

Gersny
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Roboti chirurgisti ?ﬁ
Systém daVinci 1200 od fy Intuitive Surgical ;}

- Sada vymeénitelnych nastroja (s omezenym pogtem
pouziti kvali zarugeni pozadovanych parametra, cena
jednoho nastroje je asi 110 000 K&, poget pouziti kolem
15 v zavislosti na typu nastroje)

- Velka skala nastroju




Roboti chirurgizti .
Systém daVinci 1200 od fy Intuitive Surgical i

— Prepinani ramen pomoci noznich pedali

—Ochrana proti vypadkim energie

— Intuitivni obsluha

— Automatické zablokovani pohybu ramen pri poruse

- Schvalen k mnoha operacim na rozdil od robota ZEUS
-Vymeéna vadnych &asti v ramci jejich zivotnosti zdarma
— Budoucnost:

— Chirurg bude mit zps&tnou vazbu o sile, jakou pasobi
prostrednictvim nastroja na tkar

— Napojeni na expertni systém a moznost konzultace zakroku
pFimo pri operaci, navigace, ...

/ia—boratory A
Gerst@
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MRI - Spectroscopy Data Analysis

People:
Daniel Novak, Erik Saudek (DP), IKEM: Ing. Milan Hajek, DrSc

Area: Biological Signal Processing,
Image Processing, Spectroscopy Analysis

Goal: Concetration Assesment from NMR spectra

/Tz;)orato
G

erstne
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™ Method

NMRspectra preprocessing

~
0 \
I | Interpolation Water removal Spectrum Baseline :
—
I by 2D-FFT by HLSVD removal calculation correction !
Raw NMR , !
spectrum | :
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=F —— Processed
"= NMR Spectrum
o]
=l —— ANN training
nmp ’ ~ ool
wl i
S !
- § NMRspectra metabolicmap reconstruction
crecfe e e e, e, e, ——-———————— -~
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| 1
[ ANN CSl ma !
' metabolites > Ll map e smoothinpb | >
I ‘| visualization ' BRY CSIMAP
[ assessment correlation :
|
\ ,I
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I
L FID measurement

Multi-voxel spectroscopy
Single-voxel spectroscopy(SVS)
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™ ANN for spectrum metabolite estimation

- 3 X three layers network 800-100-1
— Input: absolute spectrum (800 points)

— Output: concentration of NAA,Cr, resp. Choaccording to
LCM

— # hidden neurons: 100

— Data: CSI (over 2000 spectrums) 9 volunteers a 2
patients

— Optimalization using Scaled Conjugate Gradient BP
— SSE criteria (0.5)
— Results depended very much on training set

— Spectrum selection (700) using correlation coefficient -
> gold standard

/i&)oratory A
Gerst@
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™ Brain tumor

- Creatine 1‘ metabolic process 1‘
- Choline 1‘ healthy neurons ¥ -> progressive
- NAA \1, membrane decay T

Choline

NAA

Creatine

/I;)oratory A
Gerstner

(@) Suscipious brain tumour

University
(b) LCM detection (c) ANN detection (d) Error between LCM and ANN



Eye Movement Analysis
Slow Phase Velocity

People:

Daneil Novak, Bc. Stefan Holiga (DP), Ing. Martin Macas, Ing. Petr
Posik, Pavel Kordik, 3.LF, Nemocnice Motol: Neurologie:
MUDr. Richard Brzezny, MUDr. Martin Vyhnalek, MUDr. Rudolf Cerny
CSc

Area: Biological Signal Processing

Goal: Multi-sinus SPV analysis
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™ VOR generation by chair

240 |-

-VOG-closed or open eyes
—Slow and fast phase 220

determines the system
behavior

— Fast - corrective, reset
constant, saccades

— Slow — vestibular, | f ‘

1.9 1.95 2 2.05 2.1 2.15

/I;)oratory

Gerstner
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= Slow Phase Definition

250

2401

Amplitude (deg)

N
o
o

190}

Slow phase

Fast phase :

0 e - - — o — o — —— N

i i
184 1.845 185 1855 1.86 1.865 1.87 1.875 1.8

Samples

1.885 1.89

x 10

i U

|IF|

- Fast phase removal

0.5 1 1.5 2

Thresholding

2.5

3.5 4
x 10
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™ Results i

Start End Mean SPV | Max SPV
[s] | [s] | [degs] | [degs]
Sector 1 6.1 15.0 -15.9 29.4
Sector 2 15.0| 254 22.1 33.8
Sector 3 25.4 35.0 -21.1 32.1
Left or right in Sector 4 35.0 | 45.4 21.5 34.3
each sector Sector 5 45.4 55.0 -21.5 33.5
Sector 6 55.0 65.4 22.6 35.0
Sector 7 65.4 | 74.4 -19.8 33.2
Mean R-SPV [22.0 Selected area [37.8,41.6]
Mean L-SPV 19.5 (Rectangle box in Figure A)
-y Mean SPV 20.6 | Mean SPV 14.7
Statistics R-L diff 2.5 |Max SPV 343
Gain 0.54 Phase shift 0.15 ﬁ
Gain and _
phase Manual selection | Gersgss »
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