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A Research on Robotic Neurorehabilitation Procedures Controlled by the
Voluntary Effort of the Patient

Vyzkum procedur robotické neurorehabilitace Fizené volnim usilim pacienta

Pfedmétem prace bude vyzkum robotické neurorehabilitace poruch
hybnosti koncetin centralniho ptivodu, vyuZivajici fizeni procedur
s uplatnénim myslenkového zaméru pacienta a s optimalizaci jeho

koncentrace na feSeni pohybovych uloh. Soucasné vyspélé
terapeutické  rehabilitacni  roboty = vynikaji = promyslenym
kinematickym feSenim pohybového mechanismu, dokonalymi

pohonnymi jednotkami, plnym vyuzivanim signald ze snimact
polohy, sily i momentu sil vezpétné vazbé, vyspélym SW
vybavenim umoziiujicim nejen relevantni fizeni rehabilita¢niho
robota, ale i objek-tivni diagnostické vyhodnocovani uspé$nosti
terapie. V klinické praxi, a dokonce ani v relevantnim vyzkumu,
ovSem nejsou dosud uplatiovany terapeutické rehabilitaéni roboty
schopné kolaborovat s pacientem piimo na trovni jeho mysleni, tedy
byt fizeny volnim mySlenkovym zdmérem pacienta soustiedit se,
resp. vykonat pozadovany pohyb. Navrhovana prace bude zamétena
na tento cil, pro jehoz dosazeni bude vyuzito snimani EEG signalu a
jeho zpracovani a nasledna analyza s uplatnénim metod BCI (Brain
Computer Interface). Touto cestou bude u pasivnich robotl
uskuteénén vyzkum soustfedénosti na pohyb, u aktivnich robotli bude
realizovan ~ vyzkum  moznosti uplatnéni zdméru  pohybu
prostfednictvim jevu ERD/ERS (Event Related Desynchronization /
Synchronization). Vhodné ptistrojové rehabilitaéni prostiedky budou
pro tento ucel vyvojové modifikovany po konstrukéni, HW i SW
strance a doplnény BCI scannery tak, aby bylo mozno pro mentalni i
fyzicky realizovanou ulohu ziskavat a zpracovavat EEG signaly,
uplatnit extrakci priznaku, klasifikaci vzorkd ze zvolenych epoch a
rovnéz tak aplikovat umélou inteligenci (Al), a to ve zpétné vazbé
pro ucely fizeni procedury, resp. i fizeni samotného robota. Zakladni
hypotézou vyzkumu pfitom bude zjisténi, zda takovato disruptivni
feSeni budou zajistovat postupné zdokonalovani, tykajici se jak
klasifikatoru Al, tak pfedev§im samotného subjektu zkoumani,
tj. pacienta, resp. probanda, kde se zdokonalovanim mini pfedevsim
reedukace hybnosti koncetiny postizené centralni poruchou.

The subject of the thesis will be the research of robotic neurorehabilitation
of limb mobility disorders of central origin using procedure control using
the patient's mental intention and optimizing his concentration on solving
movement tasks. Current advanced therapeutic rehabilitation robots are
distinguished by a well-thought-out kinematic solution of the movement
mechanism, perfect drive units, full use of signals from position sensors,
force and moment of forces in feedback, advanced SW equipment
enabling not only relevant control of the rehabilitation robot, but also
objective diagnostic evaluation of therapy success. In clinical practice, and
not even in relevant research, however, therapeutic rehabilitation robots
capable of collaborating with the patient directly at the level of their
thinking, i.e. being controlled by the patient's free thought intention to
perform the desired movement, have not yet been applied. The proposed
work will be focused on this goal, for the achievement of which will be
used EEG signal sensing and its processing and subsequent analysis with
the application of BCI (Brain Computer Interface) methods. In this way,
passive robots will be researched on concentration on movement, active
robots will be researched on the possibilities of applying the intention of
movement through the phenomenon of ERD/ERS (Event Related
Desynchronization / Synchronization). For this purpose, suitable
instrumental rehabilitation tools will be developmentally modified in
terms of design, HW and SW and supplemented with BCI scanners so that
it is possible to obtain and process EEG signals for mental and physically
realized tasks, to apply symptom extraction, classification of samples from
selected epochs and subsequent application the results of the
implementation of artificial intelligence (Al) can then be used in the
feedback for the management of the procedure, or and the robot itself. The
basic hypothesis of the research will be to find out whether such
disruptive solutions will ensure gradual improvement, regarding both the
Al classifier and the subject of the investigation itself, i.e. the patient,
where improvement means primarily the re-education of his mobility
affected by a central disorder.
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