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SANTRAUKA

Neuronin¢ kompiuterio sgsaja — sistema, kurios valdymas paremtas ne tradiciniais biidais
(nenaudojant ranky). Tokio pobldzio sistemos suteikia galimybe skaitmeninius jrenginius valdyti
naudojant nervinius signalus. Viena pagrindiniy taikymo sri¢iy: jvairiy jrenginiy valdymo pritaikymas
nejgaliems zmonéms. Tai ne tik nejgaliesiems skirty prietaisy, bet i kompiuteriy ar kitos aparatinés
jrangos valdymas.

Siame darbe nagrinéjama neuroniné kompiuterio sgsaja, skirta teksto raymui. Pateikiama sukurta
sistema, kuri suteikia galimyb¢ zmogui raSyti tekstg nenaudojant ranky. Sistema yra aktuali zmonéms,
turintiems ribotas bendravimo galimybes. Ji suteikia galimyb¢ bendrauti su aplinkiniais naudojant vien tik
kaktos EMG signalus.

Pateikiami i§samiis eksperimentai, atlikti dél sistemos efektyvumo didnimo. Taip pat apibendrinti

rezultatai bei i§vados.



SUMMARY

Neural computer interface is a system which provides the control based on non-traditional methods
(e.g. physiological signals). Such systems give opportunity to control various digital devices using neural
signals. One of the main areas of application is people with disabilities. The system with additional
hardware (OCZ NIA) makes usual PC suitable for text input without hands.

In this work we analyze neural computer interface for the text spelling. The system which gives
opportunity to write text without using hands is presented. It is very relevant system for people who has
limited communication possibilities. It gives opportunity to communicate with other people by using
forehead muscle EMG signals. The experiments were performed using developed system. The results
showed that system features like dictionary selection and adaptive stimulus rate can increase the

effectiveness of the system and decrease the text input time.
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TERMINU IR SANTRUMPU ZODYNAS

1.

10.

11.

EEG — elektroencefalograma, tai elektrinio smegeny aktyvumo uzraSymas, naudojant pavirSiaus

elektrodus, juos tvirtinant prie galvos odos.
EMG — elektromiograma, tai susitraukian¢iy raumeny biopotencialy registravimas.
EOG - elektrookulograma, tai akiy judesiy generuojamy signaly registravimas.

ECG - elektrokardiograma, tai Sirdies lasteliy sukurto suminio elektros lauko potencialo kitimo

kreivés registravimas.

MV — motorinis vienetas, kurj sudaro vieno nugaros smegeny priekiniy ragy ar kamieno

branduoliy alfa motoneurono inervuojama raumeny skaiduly grupé.
MVVP — motorinio vieneto veikimo potencialas
NCI — neuroniné kompiuterio sasaja (angl. Neuro Computer Interface)

Neuroniné kompiuterio ~ sasaja — komunikavimo ~ sistema,  suteikianti ~ galimybe  valdyti

kompiuterj ar kitg jrenginj naudojant nervinés kiimés fiziologinius signalus.
BCI — smegeny — kompiuterio sasaja (angl. Brain — Comupter Interface)

Smegeny — kompiuterio  sgsaja — komunikavimo ~ sistema,  suteikianti  galimybe  valdyti

kompiuterj ar kitg jrenginj naudojant zmogaus mentalines bisenas.

USB — universalioji jungtis, kuri naudojama kompiuteriuose. Per Sig jungti galima prijungti

jvairius Sorinius jrenginius (ang. Universal Serial Bus).
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1. IVADAS

Siandieniniame ~ pasaulyje kompiuteriné technika vis pladiau naudojama kiekvieno Zmogaus
gyvenime. Tobuléjant technologijoms - sparCiai daugéja skirtingo pobldzio prietaisy: mobilieji,
diagnostiniai jrenginiai, robotai, pagalbiniai jtaisai nejgaliesiems ir pan. Kartu ple¢iamas ir jy taikymo
sri¢iy bei naudojimo budy spektras. Pastaruoju metu didelis démesys skiriamas alternatyviems valdymo
biadams. Vienas & jy: neuroniné kompiuterio sgsaja. Siuo principu valdymas vyksta naudojant Zmogaus
generuojamus elektrinius impulsus (EEG, EMG, EOG, ECG), kurie apdorojami ir analizuojami
kompiuteryje suteikia galimybe valdyti. Tobul¢jant technologijoms atsiranda naujy Zmogaus fiziologiniy
signaly skaitytuvy ir jy kaina sparCiai mazéja. D¢l to neuroniné kompiuterio sasaja tampa vis aktualesne

Siandieniniame technologijy pasaulyje .

Pagrindiné¢ taikymo sritis: palengvinti nejgaliy zmoniy kasdienybg. Tam skirti specialiis i$manieji
veziméliai nejgaliesiems [5, 6], valdomi protezai [9], balsu valdomi prietaisai [10]. Nemaziau svarbu yra
mazinti nejgaliyjy socialing atskirtj, suteikiant galimybe jiems pinavertiskai valdyti bei naudotis
skaitmeniniais jrenginiais. Siekiant Sio tikslo yra kuriami jvairlis prictaisai: virtuali klaviatira [24],
multimedijos jrenginiy valdymo priemonés [11]. Taip pat neuroniné kompiuterio sgsaja gali buti taikoma

kompiuteriniuose zaidimuose bei roboty valdymui [3, 8].

Siame darbe pateikiama teksto jvedimo neuroniné kompiuterio s3saja. Tai sistema, leidzianti
7zmogui jvedinéti teksta j kompiuterj nenaudojant ranky. RaSomas tekstas aiSkiai pateikiamas kompiuterio
ekrane, tad tokiu budu nejgaliesiems yra suteikiama galimybé bendrauti su aplinkiniais Zzmonémis. Teksto
ivedimui naudojami veido raumeny jtempimai (mimika). Raumeny signaly nuskaitymui sistema naudoja
zmogaus veido raumeny elektromiogramos (EMG) skaitytuvg ,,OCZ NIA* [5]. Naudojant Sig sistema
atlikti tyrimai, kuriy tikslas — iStirti teksto jvedima naudojant neuro sgsajos sistema bei raSymo greitinimo

galimybes.

1.1. Dokumento paskirtis
Siame dokumente yra apZvelgiama neuroniné kompiuterio sasaja. Detaliau pristatomi jos veikimo ir
taikymo principai. Taip pat pateikiama atlikta egzistuojan¢iy sistemy analizé, nagrinéjami jy privalumai ir
trukumai bei naujy sistemy poreikis.
3 skyriuje pateikiamas sukurtos sistemos projektas. Tai teksto jvedimo neuroniné kompiuterio
sasaja, su kuria atlikti tyrimai, nagrinéjantys teksto jvedimo efektyvumg. Dokumente pateikiama detali

tyrimy informacija, gauti rezultatai bei iSvados.
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1.2. Darbo tikslas

IStirti teksto jvedimo neuroning kompiuterio sgsajg. Teksto jvedimo tyrimo aspektai:

Efektyvumas;
Klaidy skaiCius;
Grettis;

Priimtinumas vartotojui.

Tyrimai atliekami taikant pavirSinio EMG signalo lygio metoda.

1.3. Mokslinis naujumas

1.

Pasitlytas ir apraSytas teksto jvedimo valdymas, naudojant dvi komandas, per pavir§inio
EMG signalo lygj metodas;
Suprojektuota ir sukurta neuroninés kompiuterio sgsajos sistema;

Realizuoti teksty jvedimo greitmimo ir efektyvumo didinimo algoritmari;

4. Atlikti teksto jvedimo tyrimai.

1.4. Uzdaviniai

1
2
3.
4
5

ISanalizuoti esamas neuroninés kompiuterio sgsajos sistemas;
ISanalizuoti naudojamus neuroninés kompiuterio sgsajos metodus;

Suprojektuoti ir sukurti teksto jveimo neuroninés kompiuterio sgsajos sistema;

. Atlikti teksty rasymo efektyvumo didinimo eksperimentus su skirtingais zmonémis;

Formuluoti teksto rasymo efektyvumo didinimo i§vadas, remiantis atlikty eksperimenty

rezultatais.

2. NEURONINES KOMPIUTERIO SASAJOS ANALIZE

2.1. Jéjimo signalai

Neuroninés kompiuterio sgsajos veikimo principas yra paremtas jvairiais zmogaus fiziologiniais

signalais. Smegeny — kompiuterio sgsajoje yra naudojama elektroencefalograma kaip jéjimo signalas.

Neuronin¢je kompiuterio sgsajoje gali biiti naudojami jvairiis jéjimo signalai:

Elektroencefalograma —smegeny generuojami signalai;
Elektrokardiograma — Sirdies generuojamas signalas;
Elektrookulograma - akiy judesiy generuojami signalai;

Elektromiograma — raumeny susitraukimy generuojami signalai.

14



Tolimesniuose analizés Zingsniuose bus skiriamas didesnis démesys elektroencefalogramai ir

elektromiogramai, dél $iy sricy tinkamumo iSsikelty uzdaviniy sprendimui.

2.1.1. Elektroencefalograma
Elektroencefalograma (EEG) — smegeny zievés neurony sinapsiniy potencialy atspindis [15].
Signalus generuoja galvos smegeny zievés piramidiniy lasteliy slopinantys ir dirginantys postsinapsiniai
potencialai. Sie potencialai sumuojasi Zievéje ir, plisdami j galvos (skalpo) paviriiy, registruojami kaip
elektoencefalografingé kreivé [14].
Pagrindiniai EEG dazniai:
e Alfa bangos —daznis 8-13 Hz, amplitudé — 20-60 pV;
e Betabangos — daznis > 13 Hz, vidutiniSkai 18-30 Hz, amplitudé <20 pV;
e Tetabangos — daznis 4-7 Hz, amplitudé < 30 pV;
e Delta bangos — daznis 1-3 Hz, amplitudé 75-150 pV;
e Lambda bangos — daznis 4-6 Hz, amplitudé 20-50 pV.

Sistemose, paremtose EEG signaly analize, efektyvumas priklauso nuo subjekto generuojamy

mentaliniy biiseny.

2.1.2. Elektromiograma

Elektromiograma (EMG) — elektrinis raumeny aktyvumas [15]. Raumuo susitraukia, pamazu
isijungiant jo anatominéms funkcinéms grupéms — motoriniams vienetams (MV). MV sudaro vieno
nugaros smegeny priekiniy ragy ar kamieno branduoliy alfa motoneurono inervuojama raumeny skaiduly
grupé. Atliekant EMG registruojami suminiai Sios skaiduly grupés veikimo potencialai — motorinio
vieneto veikimo potencialai (MVVP) [14].

Elektromiogramos signalo daznis gali svyruoti: 1-2000 Hz, amplitudé: nuo <50 pV iki 30 mV.
Elektromiogramos signalas yra bene geriausiai suprantamas, ji galima efektyviai analizuoti ir

sekmingai naudoti neuroninés s3sajos sistemose.

2.2. Neuroninés kompiuterio sasajos sistemy tipai

Egzistuoja daug jvairaus pobiidzio neuroninés kompiuterio sgsajos sistemy:

e Smegeny — kompiuterio sasaja;
e Sistemos, naudojanc¢ios EMG;

e Biokibernetinés, adaptyviosios sistemos;
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e Akimis valdomos sistemos.

Tolimesniuose analizés Zingsniuose bus skiriamas didesnis démesys smegeny — kompiuterio bei

naudojan¢ioms EMG signalus sistemoms, dél $iy sriciy tinkamumo iSsikelty uzdaviniy sprendimui.

2.2.1. Smegeny — kompiuterio sasaja
Smegeny — kompiuterio sgsaja — tai komunikavimo sistema, kuri smegeny generuojamas bangas
verCia | kompiuterio ar kito skaitmeninio jrenginio komandas [21]. Elektroekcefalograma (EEG) yra

Smegeny generuojamos bangos.

Yra jvauriy jrenginiy, skirty nuskaityti EEG signala. Dalis i§ jy yra moksliniai, dalis — plataus
vartojimo jrenginiai. EEG signalas, nuskaitomas mokslinio pobiidzio irenginiais, pasizymi duomeny
tikslomu ir pilumu (nuskaitomi visi arba dauguma EEG signalo kanaly). Tokiy jrenginiy naudojimui
skirta ,kepuré®, kurig uzsidéjus galva lieCia keletas elektrody. Kartais yra reikalinga speciali Zelé
kontakty gerinimui. Taciau vienas didesniy tokio pobtdzio jrenginiy trikumas - jy kaina. Plataus
vartojimo jrenginiai yra paprastesni ir patogesni, ta¢iau nuskaitomi EEG duomenys yra prastesni lyginant

su mokslinés paskirties jrenginiy nuskaitomais duomenimis.

Signalo Signalo Taikomoji
apdorojimas [ | klasifikavimas || programa

"

——

He

1 pav. Smegeny — kompiuterio sgsajos bazinis modelis

Bazinis smegeny — kompiuterio sasajos modelis yra pateiktas 1 pav. Sis modelis susideda i trijy
pagrindiniy zingsniy: signalo apdorojimo, signalo klasifikavimo ir taikomosios programos. Vykstant
signalo apdorojimui, gali biiti vykdoma nuskaityty duomeny transformacija (pvz.: Furje, DCT), taip pat
gali buti vykdomas auksto daznio filtravimas.
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Kitame, signalo Kklasifikavimo, zingsnyje i§ apdoroto EEG signalo bandoma iSskirti duomeny
klases, padésianCias priskirti nuskaitytus duomenis tam tikroms komandoms. Klasifikavimo biidy taip pat
yra jvairiy: neuroniniy tinkly metodas, atraminiy vektoriy metodas, principiniy komponenty analize,
nepriklausomy komponenty analizé. Po S$iy klasifikavimo veiksmy yra suformuojami duomeny Sablonai,

pagal kuriuos duomenys yra Kklasifikuojami.

Taikomoji programa sprendzia konkrety uzdavini Taikomosios programos valdyma atlicka
smegeny — kompiuterio sgsajos sistema. Todé¢l tokia sistema gali biiti taikoma nejgaliems asmenims,
turintiems ribotas galimybes valdyti jprastu biidu. Todél naudojant smegeny — kompiuterio sasaja galima
valdyti tokius irenginius kaip invalidy veziméliai, galiniy protezai, robotizuotos rankos, virtualios

klaviattiros ir pan.

2.2.2. Sistemos, naudojancios EMG
Neuroinés kompiuterio sgsajos, naudojancios EMG, nuo smegeny — kompiuterio sgsajy skiriasi
jeinan¢iu signalu. Smegeny - kompiuterio sgsajos Sistemose yra naudojamas EEG signalas, o neuroninés
kompiuterio sgsajos EMG sistemose yra naudojama raumeny elektromiograma (EMG). Tai yra
pagrindinis sistemy skirtumas, nes EMG signalg galima nuskaityti nuo jvairiy kiino viety, 0 EEG signalas

nuskaitomas tik nuo zmogaus galvos.

Vartotojas, valdydamas konkrety skaitmeninj, turi tikslingai generuoti EMG signalus. Dazniausiai
tai néra sudétinga sudétinga procediira, nes daugelio raumeny valdymas yra jprastas ir sgmoningai
kontroliuojamas. Nuskaityti signalai yra apdorojami skaitmeninio signalo apdorojimo metodais. Gali buti
taikoma sistemos apmokymo procedira, kurios tikslas - sukurti duomeny Sablonus klasifikavimo
algoritmams. Atlikus apmokyma galima atlikti klasifikavimg (zr. 2 pav.). Signalo klasifikavimui
naudojami jvairis metodai: neuroniniy tinkly metodas, atraminiy vektoriy metodas, pagrindiniy

komponenty analizé ir pan.
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Grjztamasis rysys
l Jvertinimo procedira

A

‘/ \ Apmokymo proceddira
\
\_ Zmogaus tikslingai v

K 7 \\ generuojamas EMG f
[ [ ‘

\ ‘ signalas L
‘ ‘ B > Pirminis signalo

\W/ \ apdorojimas

| Signaly klasifikavimas

Duomeny
klasés

2 pav. Neuroninés kompiuterio sgsajos, naudojan¢ios EMG, schema

Gali buti atliekama ir jvertinimo procedura, kuri gali bati vykdoma tuo pat metu kaip ir apmokymo
ar klasifikavimo procediros. Jos metu vartotojas gali stebéti apmokymo ir klasifikavimo rezultatus bei
reaguoti | gauta informacija (pvz.: kitaip jtempinéti atitinkamus raumenis). [vertinimo procedura suteikia

galimybe vartotojui gauti informacija apie sistemos valdyma.

2.3. Taikomi metodai

Analizavimui  pasirinkti tie metodai, kurie dazniausiai yra taikomi BBCI EEG duomeny

klasifikavimo konkursuose (http//www.bbci.de/activities).

2.3.1. Duomeny apdorojimui

Greitoji Furje transformacija (FFT)

Greitoji Furje transformacija (FFT) — algoritmas, kuris yra vienas placiausiai naudojamy apdorojant
skaitmeninius signalus. Greitosios Furje transformacijos rezultatai yra tokie patys kaip ir diskreciosios
Furje transformacijos, tik FFT veikia grei¢iau. Sis metodas leidzia igauti dazniy spektra. FFT yra paléiai
taikoma realaus laiko sistemose, todél yra tinkamas naudoti ir smegeny — kompiuterio sgsajoje EEG

signaly apdorojimui.

Diskrecioji kosinusiné transformacija (DCT)
Diskrecioji kosinusin¢ transformacija pakeiCia signala | baigting koeficienty seka, tam kad buty

sumazintas informacijos kiekis. DCT transformacijos iSraiska:
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. N-2 -
X = 2 (2 + (—1)%xy_y) +Zn=1 (xn CDSEnk)’k =0,...N—1 @)

Cia N — signalo reikSmiy skaiCius, Xo,...,Xn-1 — signalo reik§més, Xo,...,Xn1 — transformuotos signalo
reikSmés.
Signaly apdorojimui naudojant DCT - yra prarandama dalis informacijos. Todél naudinga Siuo

metodu apdoroti tik auksto diskretizavimo daznio signalus, tokius kaip: EMG, EEG, ECG. Sumazinus

signaly apimtis galima pasiekti greitesnj signaly klasifikavimg.
2.3.2. Duomeny Kklasifikavimui

Neuroniniai tinklai

Neuroninio tinklo veikimo principas yra pagristas neuronais.. Neuronas - skaiiavimo mazgas,
galintis turéti keletg jéjimo reikSmiy. Kiekviena jéjimo jungtis turi ,.svorj, kuris vadinamas perdavimo
koeficientu. Kiekvienas neuronas turi slenksting ir suzadinimo reikSmes. Suzadinimo reikSmé yra
apskaiCiuojama: i§ jéjimo signaly svoriy sumos atimama slenkstiné reikSmé. Neurono ¢jimo reikSmé
apskai¢iuojama pagal neurono perdavimo koeficienta. Perdavimo koeficientas, tai funkcija, kurios

argumentas - suzadinimo reikSme.

Paprasti neuroniniai tinklai yra sudaryti i§ vieno neurony sluoksnio. Tokio tinklo vaizdas yra
pateiktas 3 pav. Siuose tinkluose informacija sklinda tik j viena puse. Tokie neuroniniai tinklai dar yra

vadinami perceptronais. 5 pav. matome: tinklas yra sudarytas i§ p i$¢jimy ir n $&jimy.

3 pav. Vienasluoksnis perceptronas

Perceptronas pasizymi paprastumu ir greitu mokymo algoritmu. Jis yra lengvai realizuojamas,

taciau Sio tinklo pagalba galima spesti tik nesudétingus atpazinimo uzdavinius.
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,liesioginio sklidimo™ tinklai, turintys daugiau nei vieng neurony sluoksnj Yyra vadinami
daugiasluoksniais perceptronais arba daugiasluoksniais tiesioginio sklidimo neuroniniais tinklais [22].
Kiekvienas toks tinklas yra sudarytas i§ jéjimy aibés, pasléptojo neurony sluoksnio ir i§€jimy neurony
sluoksnio (zr. 4 pav.).

—
( \‘ I3éjimy sluoksnis

‘,// \\‘ Paslépty neurony
\ / sluoksnis

YNy
\\7/‘ ‘\\7/‘ ‘\\7/‘ |éjimy sluoksnis

4 pav. Tiesioginio sklidimo neuroninis tinklas

Yra daug skirtingy neuroniniy tinkly, kurie turi skirtingas taikymo sritis: rekurentinis neuroninis
tinklas (RNN), neuroninis miglotasis tinklas, tikimybinis neuroninis tinklas ir pan.

Atraminiy vektoriy metodas

Atraminiy vektoriy metodas (SVM) — savaime apsimokanciy metody (algoritmy) grupe, kuri gali
buti taikoma klasifikavimo ar regresijos uzdaviniy sprendimui [23]. SVM yra sukurtas remiantis
ankstesniy statistinio mokymosi teorijy pasickimais. D¢l didelio taikymo sri¢iy skaiCiaus - SVM metodai

tampa vienais pagrindiniy jrankiy kompiuteriy apmokymo ir naudingy duomeny i§gavimo srityse.

Apmokymo metu SVM metodui yra pateikiama aibé pradiniy duomeny, kuriy kiekvienas
pazymimas kaip priklausantis vienai i§ dviejy kategorijy (klasiy). Remiantis apmokymo duomenimis yra
konstruojamas modeli, pagal kurj bus klasifikuojami kiti duomenys. Analizés etapo metu nagrinéjama
aibé duomeny, kurie klasifikuojami pagal sudaryta model. Kiekvienas elementas yra priskiriamas vienai
8 dviejy klasy. IS pradziy SVM metodas konstruoja sprendimy plokStumas daugiamatéje erdveje, tam,
kad atskirty objekty klases ir véliau pagal jas Klasifikuoty analizuojamus duomenis.

SVM veikimas pagristas sprendimy priémimo plokStumomis, kurios apibrézia sprendimo ribas.
Sprendimo plokStuma riboja (atskiria nuo kity) tos pacios klasés narius. Skirtingy klasiy atskyrimui
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naudojami jvairiS metodai, dar vadinami branduolio funkcijomis: tiesinis klasifikavimas (tiesiné

branduolio funkcija), netiesinis klasifikavimas (netiesiné branduolio funkcija).

Tiesinis klasifikavimas. Sj klasifikavimo biida iliustruojantis pavyzdys pateiktas 5 pav. Jame
pavaizduoti Sviestis ir tamsts objektai, priklausantys skirtingoms klaséms. SkirianCioji linija nustato
sprendimy plokStumy ribas. Analizuojant objekta yra vertinama jo padétis ir pagal pozicijg vykdomas
priskyrimas vienai ar kitai klasei. Pvz.: jeigu naujas taSkas buty kairiau linijos — jis bty priskirtas
Sviesiyjy objekty klasei.

5 pav. Tiesinio klasifikavimo sprendimo plokS$tumos

Netiesinis klasifikavimas. Tai yra sudétingesnis klasifikavimo budas. Jo pavyzdys yra pateiktas 6
pav. Lygmant su tiesinio klasifikavimo pavyzdziu yra aiSkus skirtumas: klasiy atskyrimui naudojama ne

tiesé, o kreivé.

~__ —r;,Q\ O
O 60 o e® e
, | @
° o0 0| @ 4
\\\O O
Q O O \\\
o O e
(O

6 pav. Netiesinio klasifikavimo plokStumos

Yra daug jvairiy SVM tipy. Skirtingy tipy metodai kombinuojami su skirtingomis branduoliy
funkcijomis, skirtingais parametrais ir pan., dél to galima rasti tinkamiausius metodus remiantis

konkreciai sprendZiamu uzdaviniu.
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2.4. Egzistuojancios sistemos
Neuroniniy sistemy srityje vykdoma daug tyrimy bei bandymy. Yra sukurty sistemy, skirty dirbti
Sioje srityje. Taciau viena didesniy problemy, kad esamos sistemos yra labai ribotos: taikomos tik
konkrec¢iam akademiniam tyrimui ar realizuoja viena metodika. Tokios riboto funkcionalumo sistemos
dazniausiai yra neaktualios vartotojams, jos naudingos tik moksliniams tyrimams atlikti. Kita nemazesné
problema — mazas produkty skai¢ius, kurie baty vystomi iki realaus pritaikymo gyvenime. Siame analizés

etape apzvelgiamos kelios populiariausios neuroninés kompiuterio sgsajos sistemos.

2.4.1. BCI2000

BCI12000 programinis paketas skirtas BCI tyrimams atlikti. Jis taip pat gali buti naudojamas
duomeny kaupimui  bei smegeny stebéjimui atlikti. Produktas prieinamas nemokamai, jeigu yra

naudojamas nekomerciniais tikslais. Veikia tik Windows aplinkoje [16].

2.4.2. OpenVIBE

OpenVIiBE - multiplatforminis BCI programinis paketas, palaikantis kai kuria apartine jranga. Sis
programinis paketas suteikia duomeny analizés ir atvaizdavimo galimybe naudojant jvairius BCI
metodus. Veikia keliose operacinése sistemose (yra skirtingos versijos skirtingoms OS). Platinamas
nemokamai. Sis paketas turi galimybe gautus duomenis siysti j serverj, kur atliekama analizé OpenViBE

klienty pagalba [17].

2.4.3. BCILAB
BCILAB yra MATLAB programiniy jrankiy rinkinys i EEGLAB programinis jskiepis skirtas

prototipy ruoSimui, testavimui ir eksperimentams su BCI [18].

2.4.4. BCl++

BCI++ skirtas greitam BCI sgsajos prototipy kirimui ir kitoms BCI programos. Si
programiné jranga teikia saugojimo, vizualizavimo, algoritmy valdymo, realaus laiko signaly apdorojimo
funkcijas. Patogi vartotojo sgsaja. Produktas yra nemokamas [19].

2.4.5. xBCl

xBCI platforma skirta BCI sistemy kiirimui. Programing jranga turi duomeny analizés, darbo tinkle,
eksperimento kontrolés galimybes. Patogi vartotojo sgsaja. Veikia Windows ir Linux aplinkose [20].

2.5. Egzistuojanciy sistemuy palyginimas

Sistemos lyginamos pagal 4 kriterijus:
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e Ar sistema atviro kodo?

e Ar manoma naudoti skirtingose operacinése sistemose?

e Ar naudojamos ne senos technologijos?

e Ar sistema yra prizitirima?

1 lentelé. Sistemy palyginimas
Kriterijai

Sistemos

BCI12000 + - + +
OpenVIBE + + + +
BCILAB + - + -
BCI++ + - + +
XBCl + + + -

IS 1 lentelés matome, kad programinis paketas ,,OpenViBE* geriausiai atitinka iSkeltus kriterijus.

2.6. Analizés iSvados

ISanalizuoti neuroninés kompiuterio sgsajos jéjimo signalai. Vienas perspektyviausiy neuroninés

kompiuterio sgsajos metody yra EMG, nes raumeny signalas yra aiSkiai interpretuojamas lengvai

kontroliuojamas.

Apzvelgti neuroninés kompiuterio sgsajos tipai: smegeny — kompiuterio sasajos, EMG naudojancios

neuroninés sasajos sistemos. Siame darbe realizuojama neuroninés kompiuterio sasajos sistema, paremta

EMG signalu. Taip pat buvo apZvelgti neuronin¢je kompiuterio sasajoje taikomi metodai. Sioje analizéje

nebuvo apzvelgti visi jmanomi metodai, buvo pasirinkti populiariausi.

Apzvelgtos egzistuojanCios panaSios sistemos pagal kriterijus pateiktus 2.5 skyriuje. Vertinant pagal

Ssikeltus kriterijus, geriausiai juos tenkinanti sistema yra OpenVIBE. Kuriant teksto ra§ymo neuroning

sistemg bus stengiamasi atsizvelgti ] gergsias Sios sistemos savybes.
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3. TEKSTO IVEDIMO SISTEMOS PROJEKTINE DALIS

3.1. Sistemos paskirtis
Neuroninés kompiuterio sgsajos programa turi atlikti teksto rinkimg valdomag pavirSinio EMG
signalo generuojamomis bangomis. Taip pat sistema gali veikti kaip signaly apdorojimo ir klasifikavimo
platforma, kuri teikia galimybe pasirinkti skirtingas valdymo ir teksty raSymo savybes.

Bendru atveju neuroninés kompiuterio sgsajos sistema turi atlikti Siuos veiksmus:

e Nuskaityti pavienius EEG/EMG duomeny masyvus i§ EEG/EMG skaitytuvo;
e Apdoroti gaunamus signalus ir klasifikuoti siunc¢iamas komandas;

e Siysti atpazintas komandas teksto rinkimo valdikliui;

e Pagal gaunamas komandas vykdyti teksto rinkimg.

3.2. Sistemos panaudos atvejy diagrama
Panaudos atvejy diagramoje vaizduojami pagrindiniai teksto jvedimo neuroninés kompiuterio

sgsajos panaudos atvejai.

Smegenu-kompiuterio sasajos sistema

1. Muskaityti duomeny 9. Siusti nuskaitytus
masyva duomenis

e EKHI.‘I'ICI}}
i

T N\

i
e 10. Nutraukti procesa [ 4]
' P EEG jrenginys

|
o E;(t{und}:&
|

Specification Elements

AN

Sistemos vartotojas

7 pav. Sistemos panaudos atvejy diagrama
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3.3. Funkciniai reikalavimai

Pagrindiniai sistemos funkciniai reikalavimai:

Pasirinkti norimg naudoti duomeny nuskaitymo jrenginj. Vartotojas turi turéti galimybe
pasirinkti naudojama duomeny nuskaitymo jrenginj, priklausomai nuo to, kuris yra
prijungtas prie kompiuterio. Pvz: ,,0CZ NIA* [7] arba ,,NeuroSky MindSet* [12];
Pasirinkti norimg valdyti modulj. Vartotojas turi turéti galimybe pasirinkti valdiklj, kuris
atheka komandy vykdyma, kai jos yra iSkvieCiamos ir ekrane pateikia informacig. Pvz:
wopelling Square” — valdymo modulis teksto ra§ymui,

Nustatyti papildomus pasirink sy moduliy parametrus. Jeigu pasirinkti duomeny nuskaitymo
ar valdymo moduliai turi papildomy nustatymy, vartotojas turi turéti galimybe juos
konfigiiruoti. Pvz: ,Spelling Square* modulio parametrai: raSymo kalba, raidziy iSdéstymo
tvarka, papildomi simboliai ir pan.

Pradeéti duomeny nuskaitymg. Duomeny nuskaitymas vykdomas ne visada, tik gavus
komanda ,,Pradéti;

Stabdyti duomeny nuskaitymg. Duomeny nuskaitymas vykdomas nuo komandos ,Pradéti
iki komandos ,,Stabdyti*;

Matyti ekrane nuskaitomy duomeny informacijq. Ekrane turi biiti pateikiama informacija
vartotojui apie gaunamg signala i§ pasirinkto jrenginio;

Matyti ekrane valdymo komandy informacijg. Ekrane turi biiti pateikiama informacija apie
vartotojo inicijuojamas komandas bei jy vykdymo rezultatus;

Galimybé bet kada keisti visus parametrus. Vartotojas turi turéti galimybe bet kada atlikti
nustatymy pakeitimus ir kad pakeitimai buity aktyvuojami po nustatymy iSsaugojimo. Pvz:

pakei¢iamas duomeny nuskaitymo jrenginys arba pakei¢iamas valdomas modulis.

3.4. Nefunkciniai reikalavimai

3.4.1. Reikalavimai sistemos iSvaizdai

Bendri reikalavimai neuroninés kompiuterio sasajos sistemos vartotojo sasajai:

Lengvai suprantama s3saja;

Nejkyri s3saja (pavyzdziui, nereikalaujanti pastoviai kg nors kelis kartus patvirtinti;
Profesionali (imituojanti realig aplinkg) iSvaizda;

Saveikaujanti s3saja;

Suprantama ir patogi teksto rinkimo bei surinkto teksto atvaizdavimo sgsaja.
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3.4.2. Reikalavimai panaudojamumui (angl. Usability)
Panaudojimo paprastumas (lengvumas) neuroninés kompiuterio sgsajos sistemai kriterijai:
e Kilaidos poveikio mazinimas;
e Galimybé nutraukti bet kokj vykstantj procesa;
e Procesy, duomeny, suvesto teksto vizualizacia;
e Galimybé patogiai pateikti surinktg tekstg bendravimui su aplinkiniais Zmonémis;

e Suprantama ir patogi teksto rinkimo bei surinkto teksto atvaizdavimo sgsaja.

3.4.3. Reikalavimai vykdymo charakteristikoms (angl. Performance)
Uzduo¢iy vykdymo greiCio apribojimai:

e Maksimalus signalo surinkimo laikas: 5s;
e Maksimalus apmokymo proceso laikas: 1s;

e Maksimalus klasifikavimo proceso laikas: 1s.

VirSjjant nustatytus apribojimus procesas nutraukiamas ir tolimesni procesai vykdomi su

duomenimis, kurie buvo apdoroti per duotajj laika.

Maksimalus buferio dydis duomeny nuskaitymui yra 5 MB. Jeigu susiklosto tam tikra situacija,

kurios metu generuojama daugiau duomeny nei maksimalus buferio dydis, tai pertekliniai duomenys yra

ignoruojami.

3.4.4. Reikalavimai veikimo sglygoms (angl. Operational)

Sistema turi veiki windows 32 bity ir windows 64 bity operacinése sistemose: windows Xxp,

windows vista, windows 7.

Norint pilnai naudotis sistema, ji turi veikti kartu su teksty jvedimo moduliu ir signaly skaitytuvu.

Sistema turi veikti tiek neSiojamuose, tiek stacionariuose kompiuteriuose.

3.4.5. Saugumas
Toliau pateikiami neuroninés kompiuterio sgsajos sistemos saugumo aspektai:
e Konfidencialumas - sistemoje saugomi tik nuskanuoti asmens duomenys, nesaugoma jokia
kita su asmeniu susiéjusiu ir jo tapatybe galinti atskleisti informacija;
e Vientisumas - sistemoje nebus saugoma jokia informacija apie testuojamus asmenis,

8skyrus asmeny nuskanuotus duomenis, kurie patys neteikia jokios informacijos apie
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testuojamus asmenis. Sistema nebus jungiama prie interneto ir sistemos naudotojai nebus
skirstomi ] atskirtas kategorijas;

e Pasiekiamumas - pagrindiniai sistemos duomenys su kuriais operuoja sistema yra nuskaityti
EEG duomenys, jie saugomi duomeny failuose. Sistemos vartotojai néra skirstomi j atskiras

grupes ir turi vienodg prieiga prie visy duomeny ir funkcijy.

3.5. Sistemos architektiiros modelis

Projektuojant sistemg pereita pric angliSky terminy naudojimo dél galimo vélesnio sistemos
ple¢iamumo ir galimybés naudoti treCiyjy Saliy rengtus komponentus, tam kad visuose iSeities koduose

biity naudojama viena kalba.

Sistemos architektira yra pateikta kaip BCI modulis. Naudojamas ,NetBeans Platform® [13]

karkasas, kuriame yra sukurti visi sudétiniai moduliai. Architektiros diagrama pateikiama Zemiau.

| BCI
1 ] i
ReaderAP| ControllerAP
A AR

PR [ [ e

Fl : i i : "

| L i an
Mia Reader 'E:__E__ MainReader - - - - - - - - - - - - _ = MainController __E_:;. SpelingSquan

8 pav. Sistemos architektiiros diagrama

Pateiktoje schemoje yra pazyméti (apibrézti punktyrine linjja) sisteminiai moduliai, nuo kuriy
priklauso sisteminis programos funkcionavimas. Moduliai esantys uz tos linijjos - gali buti jvairts, jy gali
biti daug, gali buti tiekiami treCiyjy Saliy. Vartotojai per nustatymus galés pasirinkti, kuriuos modulius,
esanCius uz punktyrinés linijjos, naudoti. Esant daugiau pridéty moduliy, vykdant programg yra naudojami
ne daugiau kaip 2 nustatymuose pasirenkami moduliai: vienas duomeny skaitymo modulis ir vienas
valdymo modulis. Pastaba: gali buti pasirinkta ir maziau moduliy, pvz: tik duomeny nuskaitymo, tik
valdymo arba né vienas modulis, bet negalima pasirinkti daugiau kaip vieno modulio duomeny

nuskaitymui ir daugiau kaip vieno modulio valdymui zr: 1 paveikslélyje.
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3.5.1. BCI modulis
Sisteminis ~ programos  pagrindas (NetBeans platform karkasas), wuZtikrinantis sistemin]
funkcionalumg :
e (Grafiné sagsaja;
e Nustatymy i§saugojimas, atkiirimas;
o Kity vartotojo nustatomy parametry saugojimas, kad nebiity prarasti i$jungus programa;
e Pridedamy papildomy arba treciyjy Saliy moduliy valdymas.

Visas §is ir papidlomas karkaso funkcionalumas yra apibréztas sistemin¢je dokumentacijoje.

2 lentelé. Duomeny nuskaitymo modulio paketo aprasymas

Klasifikacija | Karkasas

Apibrézimas | Sisteminis programos karkasas, NetBeans platform produktas.

Atsakomybés | Paketas uztikrina sisteming moduliy saveika ir kitas sistemines funkcijas.

Apribojimai | Realizuotas JAVA programavimo kalba.

Struktiira | Pateikta sisteminéje dokumentacijoje.

Saveikavimas | Visi bendraujantys komponentai remiasi karkaso funkcionalumu.

Resursai | Naudoja JAVA paketa, NetBeans platform karkasa.

Skai¢iavimai | ApraSyti sistemin¢je dokumentacijoje.

Sasaja/eksportas | ApraSyti sisteminéje dokumentacijoje.

3.5.2. ReaderAPl modulis

VieSas duomeny nuskaitymo jrenginio modulis. Visi tre¢iy Saliy moduliai realizuojantys $i modulj

gali buti naudojami duomeny nuskaitymui vykdyti.

<< |nterface>>

DataReadear
+getHigh'falueP oint() : Double
+getlowialuePoint(): Double
+startReading()
+stopReading()
+getCumrantValue() | Double

9 pav. ReaderAPI klasiy diagrama
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3.5.3. MainReader modulis
Modulio klasés pateiktos diagramoje yra apibréZtos punktyrine linja. Jos saveikauja su kity
moduly sgsajomis: ReaderAPI modulio DataReader sgsaja ir ControllerAPI modulio Controllable sgsaja.

<<Interface=>
pader <<Interface>>
+gatHighValuePoint() | Double .
i n 'E:"Bm"t”: Double +selEnabled(enabled : boolean)
:::;F!md:g{{; +isEnabled(} : boolean
sint
+getCumentvalue() : Double raxacubelperams : int [
i
|
l
................................. e
ReaderModule
+ReaderModula ()
+getHighValuePoint() | Double
+getLowValuePoint(): Double DataReadingRunnabla
+startReading() +DataReadingRunnable(reader : DataReader, controller : Controllable)
+stopReading() +un()
+getCumentValue() : Double +izStop(): boolean
+setReadediod ule(readerModule : DataReader) +setStop(stop : boolean])
+getReaderModule() : Data Reader

ReaderModulePanel
+ReaderModule Panel ()
+Hoad(}

+store()
+loadReaderByOptions()

..................................................................................................................

10 pav.MainReader modulio klasiy diagrama

3.5.4. NiaReader modulis
Modulio klasés pateiktos diagramoje yra apibréZtos punktyrine linijja. NiaReader klas¢ realizuoja
ReaderAPI sasajg DataReader tam, kad bty tinkamas modulis duomeny nuskaitymui Sioje programoje.
Realizavus DataReader sgsaja NiaReader modulis vartotojui yra matomas kaip pasirenkamas duomeny

nuskaitymo moduls.
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<=|nterface>>

DataReader
+getHighValuePoint() : Double
+getlow\aluePoint() | Double

+startReading()
+stopReadingy(}
+getCumrentValue() | Double
i
|
|
............... R URPRPR
| NiaSignal
! +MiaSignal()
: NiaReader +getSignal(} : double [J]
+NiaReader() +satSignal (doubde : signal ]}
1 |+getHighValuePoint() : Double +yoid setDisconected(boolean disconected)
+getlowialuePoint() : Double +boolean isDisconected() : boolean
. |+startReading()
+stopReading()
j-getﬂu_rant\fﬂlﬂ{} : Double m =
- doseWindowl) +USBReader(signal : MiaSignal)
+runf}
DisplayingRunnable
+DisplayingRunnable(}
+run(}
+displayCumentValue{value : Double}

11 pav.NiaReader modulio klasiy diagrama

3 lentelé. NiaReader modulio apraSymas

Klasifikacija | Modulis

Apibrézimas | Modulis teikia galimybe nuskaitinéti duomenis i§ Nia jrenginio.

Atsakomybés | Modulis turi teisingai realizuoti DataReader sasaja, kad buty tinkamas naudoti
bendrame programos kontekste.

Apribojimai | Realizuojamas JAVA programavimo kalba, naudojant NetBeans platform karkaso
funkcionalumg.
Struktiira | Struktira pateikta klasiy diagramoje.

Saveikavimas | Sis modulis gali biti naudojamas duomeny nuskaitymui, nes realizuojama
DataReader sgsajg. Vartotojui pasirinkus §] duomeny nuskaitymo modul, jis bus
naudojamas bendrame programos funkcionavime.

Resursai | Naudoja JAVA kalba, NetBeans platform karkasa.
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Skaiciavimai | ApraSyti modulj sudaranciy klasiy aprasymuose.

Sasaja/eksportas | Tinkamam duomeny nuskaitymui realizuota vieSa DataReader sasaja. Modulis
MainReader gali kreiptis j $iy metody realizacijas, jeigu tai bus vartotojo pasirinktas
duomeny nuskaitymo modulis.

3.5.5. ControllerAPI modulis

Viesa valdymo moduliy sgsaja. Visi treCiyjy Saliy moduliai, realizuojantys $j modulj gali biiti
naudojami sistemoje kaip valdymo moduliai.

=<|nterface>>

Controllable
+satEnabled|enabled : boolean )
+izsEnabled() : boolean
+execute{params : int [}

12 pav.ControllerAPI klasiy diagrama
3.5.6. MainController modulis

Modulio klasés pateiktos diagramoje yra apibréztos punktyrine linjja. Jos sgveikauja su kity

moduliy sgsajomis: ControllerAPI modulio Controllable sasaja.

31




13 pav.MainController modulio klasiy diagrama

3.5.7. SpellingSquare modulis
Teksty jvedimo valdymo modulis. Jis atsakingas uz tai, kad vartotojo komandy pagalba bty

renkamas tekstas, aiSkiai atvaizduojamas kompiuterio ekrane.
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<<Interface>>

Controllable
+setEnabled(enabled : boolean)
+isEnabled() : boolean
+axecuteparams @ int [J}

Ji
................. e
: Movemeant
: +Movement()
i +run(}
. Speller +getCumrentSymbol(} : char
| |+Speller()
. |+setEnabled{enabled : boolean )
* |+isEnabled() : boolean
: +axecute(params : int [J} Window
+5 pellerindow()
+componentOpened( )
+componentClosed( )
+executeCommandifparam : int)
+executeCommandB{param : int}

14 pav.SpellingSquare modulio klasiy diagrama

4 lentele. SpellingSquare modulio aprasymas

Klasifikacija

Modulis

ApibréZzimas

Modulis teikia galimybe valdyti teksty surinkimg (komandy principu).

Atsakomybés

Modulis turi teisingai realizuoti Controllable sasaja, kad bity tinkamas naudoti
bendrame programos kontekste.

Apribojimai

Realizuojamas JAVA programavimo kalba, naudojant NetBeans platform karkaso
funkcionalumg.

Struktira

Struktiira pateikta klasiy diagramoje.

Saveikavimas

Sis modulis gali bati naudojamas programinio komponento (teksty rinkimo)
valdymui, nes realizuojama Controllable sgsajg. Vartotojui pasirinkus §j valdymo
modulj, jis bus naudojamas bendrame programos funkcionavime.

Resursai

Naudoja JAVA kalbg, NetBeans platform karkasg.

Skai¢iavimai

Aprasyti modulj sudaranciy klasiy apraSymuose.

Sasaja/eksportas

Tinkamam valdymui realizuota viesa Controllable sasaja. Modulis MainController
gali kreiptis ] Siy metody realizacijas, jeigu tai bus vartotojo pasirinktas valdymo
modulis.
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3.6. Naudojami treciyjy Saliy komponentai

Realizuojant sistema numatoma panaudoti Siuos treciyjy Saliy komponentus:

e USBReader.CLibrary — ,,O0CZ NIA* skaitytuvo ir sistemos aukstos spartos komunikacijai
realizuoti;
o JfreeChart — diagramy pateikimo biblioteka, reikalinga atvaizduoti i§ skaitytuvo gaunamus

duomenis.

3.7.Naudojama aparatiiriné jranga
Teksto ijvedimo neuroniné kompiuterio sgsaja naudoja vieng jrengini EEG/EMG signaly
nuskaitymui: ,,0CZ NIA“ [7]. Zemiau pateikiama jrenginio nuotrauka.

15 pav.,,O0CZ NIA* duomeny nuskaitymo jrenginys [7]

Tai EEG ir EMG signalo skaitytuvas, komunikuojantis su kompiuteriu per USB sasajg. Irenginio
lankelis uzdedamas Zmogui ant galvos, vir§ antakiy. Lankelyje yra 3 elektrodai. Elektrodai, esantys
kairéje ir deSinéje, skirti signaly nuskaitymui, o vidurinis elektrodas skirtas jzeminimui. Sio skaitytuvo
diskretizavimo daznis - 3906 Hz.
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4. TEKSTO IVEDIMO SISTEMOS TYRIMAI

4.1. Valdymas naudojant pavir$ini EMG signala
Valdymas vykdomas naudojant pavir§inio elektromiogramos signalo momentines reikSmes. Signalo
pokytis laike néra aktualus, dél to §i metodologija néra sudétinga realizavimo atzvilgin. Svarbu, kad
nuskaitomas signalas biity be triuk§my ir neturéty rySkiy amplitudés ribiniy reik§miy svyravimy.
Tirlamoje sistemoje signalo amplitudé yra skirstoma ] 3 intervalus (Zr. Zemiau pateiktoje
diagramoje):
e Teigiamo impulso intervalas — kai teigiamo signalo amplitudé virSina numatytg ribing
signalo reikSme (diagramoje ribin¢ reikSme: +1000000);
e Neigiamo impulso intervalas — kai neigiamo signalo amplitudé vir§ina numatytg ribing
signalo reikSme (diagramoje ribiné reikSmé: -1000000);
e Ramybés busenos impulso intervalas — kai signalo amplitudé nesiekia teigiamos ir

neigiamos ribinés reikSmés.

i
3000000 —/ //

2000000 —

N\

1000000 ==

[

Signalo reikSme

» -1000000 =
-2000000 —

-3000000 — /
Z

1000 2000 3000 4000 5000 6000 7000

16 pav. Signalo lygio dalinimas j intervalus

Analizuojant signalo momenting reikSm¢ yra nustatoma, kuriame intervale esama einamuoju laiko

momentu.

4.2. Projektinés sistemos valdymo principai

Teksto raSymo valdymo modulyje yra taikomas dviejy komandy principas:
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e Pasirinkimo komanda — vykdant jg yra atliekamas norimo raidziy stulpelio pasirinkimas
(esant simboliy stulpelio rinkimosi etapui) arba norimo paraSyti simbolio pasirinkimas
(esant simboliy rinkimosi etapui);

e AtSaukimo komanda — paraSyto simbolio nutrynimas (esant simboliy stulpelio rinkimosi
etapui) arba pasirinkto simboliy stulpelio atSaukimas (esant simboliy rinkimosi etapuli).

Valdymo modulis vykdo iSkvieCiamas komandas ir yra atsakingas, kad ekrane bty aiSkiai
atvaizduojamas renkamas tekstas bei pateikiama patogi sgsaja raidziy rinkimuisi naudojant 2 komandas.
Valdymo komandas iSkvieCia duomeny nuskaitymo modulis, kurj pasirenka vartotojas pagal turimg
duomeny nuskaitymo jrenginj. Atliekant tyrimus buvo naudojamas NiaReader modulis.

Sistemoje NiaReader modulis yra atsakingas uz $iuos veiksmus:

e EMG signalo nuskaitymas naudojant ,,OCZ NIA“ jrenginj;
e Grafinis nuskaityto signalo atvaizdavimas ekrane;
e Ribiniy signalo reik§miy nustatymas;

e Ribiniy signalo reikSmiy atvaizdavimas ekrane.

Zemiau pateikiamas ekrano vaizdas, kuriame matyti kaip yra atvaizduojamas NiaReader modulio
nuskaitomas signalas. Taip pat ekrane yra grafiSkai pateikiamos ribinés signalo reikSmés. Jos yra

zymimos geltona linja grafike.

Signal

10 000 000
7 500 000 ’

5 000 000 | l
I

WU!MUKW
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o
T
i
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-10 000 000 -

6500 6750 7000 7250
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17 pav. Nuskaitomo signalo bei ribiniy reikSmiy grafinis atvaizdavimas

Zemiau pateiktame ekrano vaizde matyti kaip yra reguliuojamos ribinés signalo reik§més.
Vartotojui yra pateikiamos dvi slinkties juostos. Su virSutine slinkties juosta yra reguliuojama teigiama
signalo ribinés amplitudés reikSme, su apatine slinkties juosta yra reguliuojama neigiama signalo ribinés

amplitudés reik§mé. Vartotojui reguliuojant ribines reikSmes, grafike pakeitimai matomi realiu laiku.

18 pav. Ribiniy amplitudés reikSmiy reguliavimo slinkties juostos

Vykstant EMG signalo analizei realu laiku yra nagrinéjama kuriame segmente yra signalo
momenting reikSme. Jeigu reikSmé yra didesné uz teigiamg ribing amplitudés reikSmeg — iSkvieiama
pirmoji komanda (kurig SpellingSquare modulis interpretuoja kaip pasirinkimo komanda). Jeigu reikSme
yra mazesné¢ uz neigiamg ribn¢ amplitudés reikSm¢ — iSkvieCiama antroji komanda (kurig SpellingSquare

modulis interpretuoja kaip atSaukimo komandg).

4.3. Esami valdymo trukumai

NiaReader duomeny nuskaitymo modulis turi kelis trikumus, kurie apsunkina sistemos naudojima
teksty jvedimui. Visi Zemiau aprasSyti modulio trikumai yra priklausomi nuo naudojamo duomeny
nuskaitymo jrenginio ,,OCZ NIA®“. Naudojant kitokius duomeny nuskaitymo jrenginius ir jiems
realizuotus duomeny nuskaitymo modulius - galimi kitokie arba jokiy tritkumy.

4.3.1. Kalibravimas

Laiko trukmé, kuri reikalinga kalibruoti jrenginj naudojimui nuo jo uzdéjimo ant sistemos vartotojo
galvos iki sekmingo jo naudojimo, néra vienareikSmiSka. Kartais trunka maziau nei 15 sek., kartais trunka
apie 15 min. Vidutiné¢ kalibravimo trukmé ~4 min. Bet ji priklauso nuo vartotojo kaktos ir kontakto.
Kalibruojant yra svarbu nustatyti jrenginio konktaktus tikshai vir§ konkre¢iy kaktos raumeny. Svarbi ne
tik horizontali, bet ir vertikali jrengnio ,,OCZ NIA®“ kaktos lankelio padétis dél kontakto su kaktos

raumenimis. Galimi prasto kalibravimo trikdZiai:

e Raumeny impulsai néra nuskaitomi arba nuskaitomas tik labai neZzymus impulso signalas;

e Tik vieno kaktos raumens signalas yra nuskaitomas teisingai. Kito kaktos raumens jtempinai
néra nuskaitomi arba nuskaitomas labai nezymus impulso signalas;

e Neesant eminimui - signalas uzterSiamas pastoviais, stabiliais elektriniais trikdziais ir
raumeny signalai yra prarandami triukSmuose.
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4.3.2. Triuk§mai
Irenginys ,, OCZ NIA®“ yra pakankamai jautrus paSalniams triukSmams, kuriy kiekis ir

intensyvumas priklauso nuo naudojamo kompiuterio konstrukcijos. Tai reiSkia, kad tam tikruose
modeliuose triukSmai yra nejuntami, o kai kuriuose labai intensyviis. Kompiuteriuose, kuriuvose USB
jungtis, prie kurios prijungtas ,,O0CZ NIA®, yra arti krovimo srovés lizdo — jtampos triukSmai labai dideli.
Jeigu USB jungtis ir krovimo jtampos lizdai toli vienas kito — triukSmai nejuntami. Tas pats ir su kity
triukSmy Saltiniais, kai kuriuose modeliuose jie labai intensyviis, kai kuriuose — nejuntami. TriukSmy
Saltiniai:

e Krovimo jtampos lizdas;

e Belaidés klaviaturos/pelés USB jungtis;

e BelaidZio interneto Wi-Fi naudojimas;

e [Sorinio monitoriaus VGA jungtis.

19 pav. Signalo pavyzdziai esant ryskiam trikdziy poveikiui
Saltiniai, kurie trikdziy nesukelia:
e Pelés klaviatiiros ar kity jrenginiy naudojimas prijungus per USB jungtis;
e [Sorinio monitoriaus HDMI jungtis;

e Mobiliojo rySio naudojimas arti jrenginio ar kompiuterio USB jungties.

4.3.3. Ilgalaikiai nominalios signalo amplitudés pokyc¢iai
Tai ne ,,OCZ NIA® jrenginio trikumas, bet NiaReader modulio trikumas. Problemos priezastis:
vartotojui ilgai naudojantis sistema (apie 15min.), jo raumenys pavargsta, todél EMG signalai silpsta.
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Silpstant raumenims vis sunkiau pasiekti ribines signalo reikSmes, norint iSkviesti komandg. Galimas
problemos sprendimas: dinaminis ribiniy reikSmiy kitimas. SkaiCiuojant nominalig signalo verte biity
galima gana tiksliai apskaiCiuoti optimaliausig ribinés vertés reikSme. Taciau toks funkcionalumas
prototipin¢je sistemos versijoje realizuotas nebuvo. Tyrimy metu buvo naudojamasi papildomo vartotojo

pagalba, kuris silpstant raumenims tyrimy metu reguliuoty ribiniy verciy reikSmes.

Zemiau pateiktuose pavyzdZiuose demonstruojama Zmogaus raumeny impulsy vertés Sistemos
naudojimo pradzioje ir pabaigoje. Pirmoji signalo nuotrauka padaryta praéjus 30 sek. nuo naudojimo
pradzios, kai vartotojas dar néra pavarges. Raumens impluso signalo amplitudé siekia ~8000000.

Signal
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-7 000 000 -
-8 000 000 -
-9 000 000 -
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20 pav. Signalas pradedant naudoti sistema

Antroji signalo nuotrauka padaryta praéjus ~14 min. nuo naudojimo pradzios, kai vartotojas jau yra
pavarges. Raumens impluso signalo amplitudé siekia ~1000000.
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21 pav. Signalas baigiant naudoti sistema

5. TEKSTO JVEDIMO SISTEMOS EKSPERIMENTINE DALIS

5.1. Eksperimento tikslai

Esama sistema teksto raSymui naudojant neuroning kompiuterio sgsajg — turi keleta tobulinimo

krypéiy:
[}
[ ]

Rasymo greitis — paraSyti daugiau teksto per trumpesnj laika;
Rasymo efektyvumas — parasyti daugiau teksto naudojant maziau komandy;
Rasymo kokybé — kuo maziau padaromy klaidy;

Priimtinumas vartotojui — kad renkamo teksto simboliai bty iSdéstyti ekrane optimaliai.

D¢l eksperimenty trukmés ir sudétingumo, buvo pasirinkti trys i§ aukSéiau iSvardinty tobulinimo

aspekty: greitis, efektyvumas, kokybé. Priimtinumo vartotojui tyrimg reikia atlikti atskiru eksperimentiniu

tyrimu.
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Sio eksperimento tikslas i¥nagrinéti teksto raSymo grei¢io mazinimo bei efektyvumo didinimo
galimybes. Analizuoti eksperimenty rezultatus ir pasirinkti geriausius sprendimus, didinan¢ius teksty

raSymo sistemos naudingumg.
5.2. PasiruoSimas eksperimentams

5.2.1. RaSymo greitis

SpellingSquare modulio veikimo principas:

1. Ekrane matoma simboliy lentelé;

2. Vienas 1§ simboliy stulpeliy visada yra iSskiriamas (pazymimas raudonu rémeliu, Zr. Zemiau
pateiktoje nuotraukoje);

3. Pragjus tam tikram laiko intervalui (prototipiniime modulyje intervalas 1000 ms) zymimas kitas
simboliy stulpelis kaip aktyvus. Zyméjimo kryptis: i§ kairés j deSing, jeigu néra kito stulpelio
deSinéje — zymimas kairiausias simboliy stulpelis;

4. Gavus pirmaja komandg (pasirinkimo komandg) — aktywvus stulpelis yra pasirenkamas.
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22 pav. SpellingSquare simboliy lentelé su aktyviu stulpeliu
Po aktyvaus stulpelio pasirinkimo vykdomi tokie veiksmai:

1. Vienas 1§ pasirinkto stulpelio simboliy visada yra i§skiriamas (paZymimas raudonu rémeli, Zr.

Zzemiau pateiktoje nuotraukoje);
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2. Pra¢jus tam tikram laiko intervalui (prototipiniame modulyje intervalas 1000 ms) Zymimas kitas
simbolis stulpelyje kaip aktyvus. Zyméjimo kryptis: i virSaus j apadia, jeigu néra kito simbolio
apacioje — Zymimas virSutinis pasirinkto stulpelio simbolis;

3. Gavus pirmaja komandg (pasirinkimo komandg) — aktyvus simbolis yra fiksuojamas Kkaip
rasSomas simbolis ir yra pridedamas prie raSomo teksto.

4. Po atliktos simbolio pasirinkimo komandos pereinama veél i stulpeliy rinkimosi veiksmy cikl.

N«
-
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-
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N
N«

23 pav. SpellingSquare simboliy lentelé su aktyviu simboliu

SpellingSquare turi ir antrgja komandg — atSaukimo arba trynimo. Jeigu yra pasirinktas stulpelis ir
Skvieciama atSaukimo komanda, tai stulpelio pasirinkimas yra atSaukiamas ir vél pereinama | stulpelio
rinkimosi etapa. Jeigu yra iSkvieCiama atSaukimo komanda esant stulpelio rinkimosi etapui — nutrinamas
vienas simbolis jau paraSytame tekste, jeigu néra né vieno paraSyto simbolio — nevykdoma jokia

operacija.

Tokiu buidu yra raSomas tekstas naudojant SpellingSquare modulj. Toks raSymo principas néra labai
patogus, nes dalis vartotojy nori rasyti greiCiau, dalis — lé¢iau. O esant tokiam realizavimui greitis yra
nekintamas. D¢l fiksuoto zingsnio trukmeés raSymo greitis irgi yra fiksuotas.

Siekiant pagerinti raSymo greitj ir naudojimosi jrankiu naudingumg — buvo realizuotas dinaminis
greité jimo/lété jimo algoritmas. Algoritmo veikimo principas:

1. Pradedant naudoti programa — Zingsnio intervalui naudojama numatytoji reikkSmeé (tam tikras ms

skaiCius);
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2. Ivykdzius pasirinkimo komanda (stulpelio pasirinkimg arba simbolio pasirinkimg) zingsnio
intervalas yra sumazinamas;
3. Ivykdzius atSaukimo komandg (pasirinkto stulpelio atSaukimas arba parasSyto simbolio
nutrynimas) zingsnio intervalas yra padidinamas.
Maznant intervaly neperzengiama minimali intervalo trukmé. Didinant intervala neperzengiama
maksimali mtervalo trukme¢. ReikSmés: numatytoji intervalo trukmé, intervalo didinimo, maznimo
zingsnis, minimali ir maksimali intervalo trukmé - pasirenkamos nustatymuose, pagal varototojy

poreikius.

Regulation parameters

Current period ms
Increase (decrease period ms
Minimum period ms
Maximum period ms

24 pav. Greitéjimo/letéjimo algoritmo nustatymai

5.2.2. Rasymo efektyvumas

Esama SpellingSquare modulio versija suteikia galimybe naudoti simbolinj teksto raSymg, t.y.
galima rasSyti teksta tikk po vieng simbol. Vieno simbolio paraSymui reikia 2 pasirinkimo komandy
(stulpelio pasirinkimui ir simbolio pasirinkimui), tarp kiekvieno aktyvaus elemento pasikeitimo daroma
laiko pauzeé ir del to visas raSymo procesas uztrunka norint paraSyti vieng sakinj. Vartotojas yra
apsunkinamas ir pasiekiamas didelis nuovargis raSant trumpg teksta. Siekiant kuo labiau sumaznti Siuos
raS§ymo trikumus buvo nuspresta realizuoti dinaminj daZninio klasifikavimo Zodyna, palengvinantj
raSymo procesg. Naudojant zodyna vartotojui yra suteikiama galimybé paraSyti Zodj naudojant maZzesnj

komandy skaicy.
Zodyno realizavimo principai:

e Zodyno pasirinkimui naudojamas specialus simbolis su nuotrauka, kurioje nupiesta knyga su
, A raidémis;

e Zodyno pasirinkimo simboliai yra pirmoje simboliy lentelés eilutéje arba pasutinéje
simboliy lentelés eilutéje, priklausomai nuo pasirinkimo nustatymuose;

e Zodynas yra matomas de§inéje ekrano puséje vertikalioje juostoje;

e Zodyne matomi nufiltruoti odZiai pagal dabar raSoma Zodj;

e Filtravimas Zodyne vykdomas pagal abécélg arba pagal naudojimo daZzn;.
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25 pav. SpellingSquare langas su zodynu

Pradedant naudoti programg pirma karta — Zodyne yra standartinis ZodZiy rinkinys su naudojimo
dazniais toje kalboje. Nustatymy lange galima pasirinkti:

o Kurioje vietoje bus zodyno aktyvavimo mygtukai,

e Kokio pobudzio filtravimas bus vykdomas;

¢ Kiek daugiausiai zodziy bus rodoma ekrane vienu metu,
e Kokia yra zodzio naudojimo daznio didinimo konstanta;

e Ar papildyti Zodyng naujais zodZiais.



Activation buttons
(@) Add first line
() Fill last line

Sorting
(") Alphabetic

(@) By frequency

Dictionary properties

Maximal words number 5

Frequency increase 100

Add new words to dictionary

26 pav. Zodyno nustatymy parametrai

Zodyno naudojimas vykdomas raSant tekstg. RaSant odZiai yra filtruojami pagal paraSytus
simbolius. Jeigu paradyta raidé ,,a“, tai visi Zodyne esantys odzai yra prasidedantys raide ,a“. Zodyne
pateikiamy zodziy tvarka gali bti arba pagal abécéle arba pagal daznj. Jeigu rikiavimo tvarka abécéline,
tai visi zodyne matomi zodziai yra suriiSiuoti pagal abécéle. Jeigu rikiavimo tvarka dazniné — tai aukS¢iau
yra tie Zodziai, kurie yra dazniau vartojami kalboje. Pvz.: paraSius raid¢ ,,a“ ir esant daZzniniam rikiavimui,

[13

7odziai ,apie“, ,as“, ,ar”“ yra aukSCiau nei zodis ,acii“, nes jie yra naudojami dazniau, todél ir jy
pasirinkimo tikimybé yra didesné. Kai vartotojas raSo zodzius, kiekvieno paraSyto Zodzio naudojimo
daznis yra padidinamas konstantine verte, kuri yra parinkta nustatymuose. Jeigu vartotojas paraSo tokj
zodj, kurio néra Zodyne (kokj nors barbarizma), jis yra jtraukiamas ] Zodyna, jeigu tai yra numatyta

nustatymuose.

5.2.3. RasSymo kokybé

Tyrimo metu atliekami veiksmai, kurie traktuojami kaip klaida, yra Sie:
e Patekimas ] netinkamg simboliy stulpelj;
e Patekimas j Zodyna to nenorint;
e Netinkamos raidés ar simbolio pasirinkimas;
e Netinkamo Zodzio pasirinkimas.

Viso tyrimo metu yra skai¢iuojamas tiriamojo asmens padaryty klaidy skaiCius. Ir nagrinéjant

tyrimo rezultatus bus daroma iSvada, kaip tiriamas funkcionalumas (dinaminis greitéjimo/létéjimo

algoritmas, dinaminis dazninio klasifikavimo Zodynas) jtakoja ra§ymo kokybe — klaidy skai¢iy.
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5.2.4. Priimtinumas vartotojui

Deél tyrimy sudétingumo bei trukmés - Siame eksperimente atliekamas nebus. Reikalingas atskiras

eksperimentinis tyrimas.

5.3. Eksperimenty metodika
Kadangi eksperimenty tikslas iSnagrinéti teksto greitinimo ir efektyvumo didinimo galimybes, tad
kiekvieno eksperimento metu reikalinga atlikti Siuos 4 etapus:

1. Naudojant pradinj SpellingSquare modulj;
2. Naudojant SpellingSquare modulj su greitinimo/l¢tinimo algoritmu;
3. Naudojant SpellingSquare moduli su dinaminiu dazninés klasifikacijos Zodynu;

4. Jeigu 1 2, i 3 punktai pagerino sistemos naudojamumg — naudoti ir greitinimo/Iétnimo

algoritma, ir Zodyng.
Kad eksperimenty rezultatai buty teisingi ir objektyvis, turi buti laikomasi $iy principy:
1. Tyrimy subjektai turi biti jvairaus amziaus abiejy lyCiy atstovai;
2. Tyrimams naudojami tekstai turi buti i§ jvairiy tematiky;
3. Tyrimo metu nenuvarginti subjekto, kad rezultatai biity objektyviis.

Tam kad buty tenkinamas 1 principas buvo nuspresta atlikti tyrimus su 5 jvairiy amziaus kategorijy
asmenimis. D¢l 2 principo buvo pasirinktos 3 teksto pastraipos i§ skirtingy tematiky: buitinio, techninio ir
matematikos pastraipos. Jos yra pateiktos PRIEDUOSE. Tad kickvieno i 4 eksperimento etapy bus
raSomos 3 pastraipos. Kadangi eksperimentas susideda i§ 4 etapy po 3 pastraipas, tai per visg

eksperimentg bus parasoma 12 pastraipy. Remiantis 3-Ciuoju principu priimtos Sios taisykles:
1. Pokiekvienos parasytos pastraipos, tirlamajam biitina daryti ne trumpesne nei 5 min. pertrauka;
2. Pokiekvieno uzbaigto etapo, tiriamajam bitina daryti ne trumpesng nei 15 min. pertrauka.

Atliekant 2-3jj eksperimento etapa, prie§ pradedant rasyti kickvieng pastraipg yra atstatomos

numatytosios parametry reikSmeés nustatymuose:

e Numatytasis zingnio ilgis — 800 ms;

e Zingsnio didinimo/mazinimo konstanta — 50 ms;
e [lgiausia galima zingsnio trukmé — 1100 ms;

e Trumpiausia galima Zingsnio trukmé — 500 ms.
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Atliekant 3-3ji eksperimento etapa, prieS pradedant rasyti kiekvieng pastraipg yra atstatomas

pradinis Zodynas, kuris biina paleidziant programa pirmajj karta. Tuo tikslu, kad daZniai ir ZodZziy kiekis

pradedant eksperimentg visada biity toks pats.

Atliekant 4-3jj eksperimento etapg, prie§ pradedant raSyti kickvieng pastraipg yra atlickami ij 2-0jo

ir 3-ojo etapy atstatymo veiksmai.

5.4. Teksty rinkimo eksperimentai

Eksperimentai atlikti su Siais asmenimis:

5 lentelé. Eksperimentuose dalyvave asmenys

Eil. Nr. AmZius Lytis
1. 24 M
2. 25
3. 28 \%
4. 32 \%
5. 54 M

5.4.1. Eksperimenty pradzia

Prie§ pradedant eksperimentus, kiekvienas asmuo yra supazindinamas su sistema ir i$mokomas ja

tinkamai naudotis. Prie§ kiekvieng pastraipos raSyma atlickami paruosiamieji ir kalibravimo darbai:

1. Patogiai uzdedamas jrenginio ,,OCZ NIA* lankelis;

2.

3.

Patikrinami abiejy raumeny EMG signalai;

Pasalinami visi triukSmai, jei tokiy yra;

Sureguliuojamos ribiniy verciy reikSmés pagal einamasias signalo vertes;

Atlieckami  testiniai  komandy

naudojamumul.

iSkvietimo

zingsniai, kuriy metu jsitkinama  sistemos
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27 pav. ,,OCZ NIA* renginys paruoStas eksperimentui

5.4.2. Eksperimenty eiga

Visi eksperimentai buvo pradedami apie 12val., tam, kad buty galima visus eksperimento etapus

vienam zmogui atlikti per viena dieng.
Eksperimenty vykdymas buvo s¢kmingas. Tiriamieji nr.: 1, 2, 3, 4 — jvykdé visus tyrimy etapus. Nr.

5 jvykdé 1, 2, 3 ectapus ir nevykdé 4 etapo, nes 2-SiS etapas buvo nesékmingas, todél nebuvo poreikio
vykdyti kompleksinj 4 etapg.

Kartais, vykdant eksperimenta atsirasdavo nenumatyty trikdziy ar buvo prarandamas Svarus
kontaktas ir signalo verté tapdavo neklasifikuojama. Tokia situacija buvo eksperimentg vykdant 2-jam
asmeniui, raSant 2-0j0 etapo 3-ig pastraipg, ir 3-jam asmeniui, rasant 4-0j0 etapo 2-3ja pastraipg. Jeigu
tyrimo metu atsirasdavo nenumatyty trikdziy — tyrimas (to etapo vienos pastraipos raSymas) budavo
sustabdomas, daroma 5 min. pertrauka ir pastraipos raSymas kartojamas nuo pradziy.

Tiriamieji vykdydami eksperimentus jautési gerai, taciau visi jauté¢ didesnj ar mazesnj nuovarg] nuo

ilgesnio teksto raSymo. Nuovargis buvo rySkiai matomas mazéjant EMG signalo amplitudei.

5.4.3. Eksperimenty rezultatai
Visas eksperimenty vykdymo procesas buvo nuosekliai registruojamas. Fiksuojamy jvykiy ir
procesy sgrasas:
e Vykdymo trukmé;
o Atlikty veiksmy skaiius;
e Pasirinkimy skai¢ius;
e AtSaukimy skaicius;
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Toliau

rezultatai lenteléese ir greiCio kitimo grafikas rasant buiting (nr.

greitéjimo/létéjimo algoritma (etapas nr. 2).

Nutrinty simboliy skaiius;

Zodziy # Zodyno skaitius (jeigu buvo naudojamas dinaminis dazninio klasifikavimo

zodynas);

GreiCio kitimas (jeigu buvo naudojamas dinaminis greitéjimo/Iétéjimo algoritmas).

yra pateikiami visy tirlamyjy asmeny eksperimenty rezultatai. Bendrieji pastraipy raSymo

Tiriamojo nr. 1 rezultatai

1) pastraipg naudojant dinaminj

6 lentele. Tiriamasis nr. 1. Pastraipa nr. 1

Etapas Vykdymo Komandy | Pasirinkimy | At$aukimy Nutrinta Pasirinkta
P trukmé skaifius skaicius skaicius simboliy Zodziy
1. 15:38 262 258 4 2 -
2. 15:08 417 355 61 41 -
3. 11:08 184 175 9 5 18
4, 10:14 270 236 34 13 19
7 lentelé. Tiriamasis nr. 1. Pastraipa nr. 2
Etapas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmeé skaicius skaicius skaicius simboliy Zodziy
1. 14:17 233 229 4 3 -
2. 15:02 377 316 144 34 -
3. 10:52 172 163 9 6 7
4, 08:31 236 208 28 16 5
8 lentelé. Tiriamasis nr. 1. Pastraipa nr. 3
Etanas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmé skaicius skaiCius skaicius simboliy Zodziy
1. 17:26 251 246 5 3 -
2. 14:35 339 300 39 27 -
3. 18:26 275 234 41 19 11
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4. 12:04 312 271 41 18 13
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28 pav. Tiriamojo nr. 1 grei¢io kitimo grafikas (etapas nr. 2, pastraipa nr. 1)

Tiriamojo nr. 2 rezultatai

9 lentelé. Tiriamasis nr. 2. Pastraipa nr. 1

Etapas Vykdyn]o KOII!:Hldq Pasiﬁgl.(imq AtS al.ll(_imq l\!utrin:ta Pa§ iri Vr]kta
trukmé skaicius skaiCius skaiCius simboliy Zodziy
1. 17:51 266 260 6 2 -
2. 14:36 383 329 54 22 -
3. 13:08 194 180 14 5 16
4, 11:35 290 245 45 18 27
10 lenteleé. Tiriamasis nr. 2. Pastraipa nr. 2
Etapas Vykdymo KOII}igldq Pasiri.lll.(imq AtS al.l‘l’(.imq l\!utrin:ta Pa§ iri vr}kta
trukmeé skaicius skaicius skaicius simboliy Zodziy
1. 14:50 239 233 6 5 -
2. 10:09 288 259 29 8 -
3. 1301 220 202 18 9 15
4. 11:31 263 223 40 15 10

11 lentelé. Tiriamasis nr. 2. Pastraipa nr. 3
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Etapas Vykdymo Ko n}:?dq Pas iri-lzl.(imq AtS al.ll(‘imq N utri nFa Pa§ iri Vr!kta
trukmé skaicius skaiCius skaicius simboliy 7Zodziy
1. 18:39 270 260 10 8 -
2. 13:00 336 298 38 22 -
3. 17:03 223 210 13 5 9
4. 14:40 320 269 51 31 19
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Tiriamojo nr. 3 rezultatai

29 pav. Tiriamojo nr. 2 grei¢io kitimo grafikas (etapas nr. 2, pastraipa nr. 1)

12 lentelé. Tiriamasis nr. 3. Pastraipa nr. 1

Etapas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmeé skaicius skaicius skaicCius simboliy Zodziy
1. 19:07 263 258 5 2 -
2. 15:00 345 309 36 21 -
3. 12:05 175 168 7 5 14
4, 09:08 219 202 17 11 21
13 lentele. Tiriamasis nr. 3. Pastraipa nr. 2
Etanas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmé skaicius skaicius skaicius simboliy Zodziy
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1. 21:19 247 238 9 7 -
2. 11:09 269 251 18 11 -
3. 11:40 174 167 7 4 12
4. 08:07 201 187 14 4 14
14 lentele. Tiriamasis nr. 3. Pastraipa nr. 3
Vykdymo Komandy | Pasirinkimy | At$aukimy Nutrinta Pasirinkta
Etapas X s o oxs . . v ixe
trukme skaicius skaicCius skaicius simboliy Zodziy
1. 19:29 244 242 2 2 -
2. 12:03 315 286 29 19 -
3. 17:09 211 203 8 4 11
4, 12:16 260 240 20 10 10
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Laikas min:sek
30 pav. Tirlamojo nr. 3 greicio kitimo grafikas (etapas nr. 2, pastraipa nr. 1)
Tiriamojo nr. 4 rezultatai
15 lentelé. Tiriamasis nr. 4. Pastraipa nr. 1
Etapas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmé skaicius skaicius skaicius simboliy Zodziy
1. 22:42 291 276 15 9 -
2. 17:11 328 299 29 18 -
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3. 15:10 195 174 21 12 17
4, 09:01 213 190 23 12 17
16 lentele. Tiriamasis nr. 4. Pastraipa nr. 2
Etapa Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
pas trukmé skaicius skaicius skaicius simboliy Zodziy
1. 18:10 252 240 12 6 -
2. 12:18 250 239 11 6 -
3. 14:41 189 179 10 6 10
4, 08:34 184 177 7 5 9
17 lentelé. Tiriamasis nr. 4. Pastraipa nr. 3
Etanas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmeé skaicius skaicius skaicius simboliy Zodziy
1. 26:11 302 277 25 14 -
2. 13:37 274 258 16 4 -
3. 21.03 237 218 19 5 7
4, 14:58 250 228 22 11 13

(9 L o ) T B @ o]

Pertraukos tarp komandy trukmeé ms
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31 pav. Tiriamojo nr. 4 greicio kitimo grafikas (etapas nr. 2, pastraipa nr. 1)
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Tiriamojo nr. 5 rezultatai

18 lentele. Tiriamasis nr. 5. Pastraipa nr. 1

Etapas Vykdymo Komandy | Pasirinkimy [ AtSaukimy Nutrinta Pasirinkta
P trukmeé skaicius skaicius skaicius simboliy Zodziy
1. 24:14 323 296 27 17 -
2. 22:42 431 364 67 47 -
3. 18:22 218 193 25 16 12
4, - - - - - -
19 lentele. Tiriamasis nr. 5. Pastraipa nr. 2
Etanas Vykdymo Komandy | Pasirinkimy | AtSaukimy Nutrinta Pasirinkta
P trukmé skaicius skaiCius skaicius simboliy Zodziy
1. 16:09 246 237 9 6 -
2. 16:24 284 254 30 13 -
3. 12:52 189 177 12 8 6
4, - - - - - -
20 lenteleé. Tiriamasis nr. 5. Pastraipa nr. 3
Etapas Vykdymo Komandy | Pasirinkimy | At$aukimy Nutrinta Pasirinkta
b trukmé skaicius skaicius skaicius simboliy Zodziy
1. 20:57 280 265 15 8 -
2. 2752 502 402 100 70 -
3. 19:32 252 226 26 15 4
4, - - - - - -
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32 pav.Tiriamojo nr. 5 greicio kitimo grafikas (etapas nr.

5.4.4. Apibendrinti eksperimenty rezultatai

2, pastraipa nr. 1)

Remiantis visais eksperimenty rezultatais, buvo apskaiCiuoti i§ jy iSplaukiantys rezultatai.

Tikslumas

Rezultatai buvo vertinami pagal tikslumo kriterijy. ReikSmé apskaiCiuota remiantis Sia formule:

Tk = (Psk/ Ksk) * 100

Formulés reikSmés:

Tk — tikslumo reikSmé %;
Psk — pasirinkimo komandy skaiCius;

Ksk — bendras komandy skaicius.

2

Kiekvienam tiriamajam apskaiCiuotas vidutinis etapo tikslumas, kuris yra gautas pagal 3-jy

pastraipy tikslumo reikSmes. Toliau lenteléje pateikiami rezultatai.

21 lentelé. Eksperimenty tikslumo kriterijus

Etapas Tiriamasis Tiriamasis Tiriamasis Tiriamasis Tiriamasis Vifiuvtinf'e
nr. 1 nr. 2 nr. 3 nr. 4 nr. 5 reikSmeé
1. 98,25 97,18 97,88 93,94 94,21 96,29
2. 85,82 87,73 91,22 93,64 84,66 88,61
3. 91,66 92,92 96,06 91,97 90,62 92,65
4. 8747 84,44 92,53 92,20 - 89,16
Vidutine 90,80 90,57 94,42 92,94 89,83 -
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reikS§meé

Pagal turimus rezultatus, buvo sudarytas grafikas, kuriame matomos vidutinés tikslumo reik§més su

standartiniu nuokrypiu.

Laikas
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Etapas nr. 1
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33 pav. Tikslumo kriterjjaus vidutiniy reikSmiy grafikas

Eksperimento metu rasant kiekvieng pastraipg buvo registruojama rasSymo trukmé. ReikSmeés buvo

fiksuojamos

lakko iSraiSka.

Vidutinés

laiko trukmeés

skai¢iavimams fiksuota laiko iSraiSka buvo

konvertuojama j deSimtaing forma ir tada suskai¢iuotos vidutines laiko reik§més. Kiekvienam tiriamajam

apskaiCiuotas vidutinis etapo laikas, kuris yra gautas pagal 3-jy pastraipy rasSymo trukmeés reikSmes

desimtainéje formoje. Toliau lenteléje pateikiamos gauti rezultatai visiems tiriamiesiems.

22 lentelé. Eksperimenty laiko Kriterijus

Etapas Tiriamasis Tiriamasis Tiriamasis Tiriamasis Tiriamasis Vifluvtinfe
nr. 1 nr. 2 nr. 3 nr. 4 nr. 5 reikSmeé
1. 15,78 17,22 19,97 22,35 20,44 19,15
2. 14,92 12,58 12,73 14,37 22,32 15,38
3. 13,48 14,40 13,63 16,97 16,92 15,08
4, 10,27 12,59 9,84 10,85 - 10,89
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Vidutiné

o . 13,61 14,20 14,04 16,13 19,90
reikSmé

Pagal turimus rezultatus, buvo sudarytas grafikas, kuriame matomos vidutinés laiko reikSmés su

standartiniu nuokrypiu kiekviename eksperimenty etape.

Laiko kriterijus

25

20

15
10 I

Etapas nr. 1 Etapas nr. 2 Etapas nr. 3 Etapas nr. 4

Laikas

%3]

34 pav. Laiko kriterijaus vidutiniy reikSmiy grafikas
Rasymo greitis
Rezultatai buvo vertinami pagal rasymo grei¢io kriterijy. ReikSmé apskaiCiuota remiantis Sia
formule:

Gk = (S / L) 3
Formulés reikSmes:

Gk — raSymo greiCio reikSmeé — simboliy skaiCius per minute;

Ssk — parasSyty simboliy skaiCius (pastraipos ilgis);

L — laikas, sugaiStas raSymui (deSimtaine forma).

Kiekvienam tiriamajam apskaiCiuotas vidutinis ra§ymo greitis, kuris yra gautas pagal 3-jy pastraipy

raSymo greifio reikSmes. Toliau lenteléje pateikiamos gauti rezultatai
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23 lentelé. Eksperimenty raSymo greicio kriterijus

Etapas Tiriamasis Tiriamasis Tiriamasis Tiriamasis Tiriamasis Vidutiné
P nr.1 nr. 2 nr. 3 nr. 4 nr.5 reik§ meé
1. 757 6,95 5,99 542 593 6,372
2. 7,98 9,60 944 8,39 554 8,19
3. 9,35 8,39 8,98 7,19 7,21 8,224
4. 11,76 9,57 12,42 11,65 - 11,35
Vidutiné 9.17 8,63 9,21 8,16 5.93 ;
reik§ me

Pagal turimus rezultatus, buvo sudarytas grafikas, kuriame matomos vidutinés ra§ymo greicio

reikSmés su standartiniu nuokrypiu kiekviename eksperimenty etape.

14,00

Rasymo greitis, sim./min.

4,00
2,00

Rasymo greicio kriterijus

Etapas nr. 1 Etapas nr. 2 Etapas nr. 3 Etapas nr. 4

35 pav. Rasymo greiCio kriterijaus vidutiniy reikSmiy grafikas
6. ISVADOS
Siame darbe buvo:

1. ISanalizuota neuroninés kompiuterio sasajos sritis — apzvelgti taikomi metodai, iéjimo

signalai, neuroniné¢s kompiuterio sgsajos tipai, egzistuojancios sistemos.
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2. Suprojektuota ir realizuota neuroninés kompiuterio sasajos sistema, kurios pagalba galima
nuskaityti EMG duomenis, Siuos duomenis apdoroti ir klasifikuoti panaudojant signalo lygj.
Klasifikavimo rezultatas — teksto raS§ymo programos valdymo komandos.

3. Pasitlyti ir aprasyti raSymo greicio, kokybés ir efektyvumo didinino metodai.

4. Atlikti sistemos eksperimentai naudojant pasitlytus metodus, sickiant iStirti jy jtakg raSymo
greiciui, kokybei ir efektyvumui.

Atlikus eksperimentus galima teigti, kad:

1. Valdymas naudojant pavirS§inio EMG signalo lygj yra pakankamai efektyvus metodas teksto
ra§ymui. Bendras visy eksperimento dalyviy ragymo tikslumas siekia 91,81 %. Zemiausias
valdymo tikslumas siekia 84,44 %, o auks¢iausias — 98,25 %.

2. Naudojant dinaminj greit¢jimo/lét¢jimo algoritma ir dinaminj dazninio klasifikavimo
zodyna vidutinis teksto jvedimo greitis padidéjo 43,13 %.

3. Naudojant dinaminj greitéjimo/létéjimo algoritma ir dinaminj dazninio klasifikavimo
7zodyna vidutinis per minut¢ paraSomy simboliy skaiius padidintas 78,12 %. Naudojant

Siuos sistemos patobulinimus per 1 min. galima parasyti ~ 11,4 simboliy.

Ivertinus auks$¢iau iSvardintus punktus galima teigti: naudojant dinaminj greitéjimo/létéjimo
algoritmg bei dinaminj dazninio klasifikavimo zodyng yra zenkliai pagerinamas sistemos naudojamumas,

teksto raSymo greitis bei efektyvumas.
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Abstract—Ambient Assisted Living (AAL) aims to improve the quality of daily life for all humans in different
periods of life. Neural-Computer Interface (NCI) can be used within AAL environments to provide alternative
communication means for impaired persons bypassing the need for speech and other motor activities. By
monitoring, analyzing and responding to muscular activity (EMG signals) of users, NCI systems are able to
monitor, diagnose and respond to the cognitive, emotional and physical states of usersin real time. In this paper
we analyze and develop a speller application based on the EMG interface. We analyze requirements for
developing interfaces for disabled users and interfaces of known speller applications, and describe the
development of the EMG-based speller as a benchmark application. The developed spellerhas adaptive stimulus
rate and allowsword selection from dictionary. We evaluate performance and usability of the developed speller
using a set of empirical (accuracy, information transfer speed, input speed), ergonomic (NASA-TLX scale) and
conceptual (humanistic intelligence) attributes.

l. INTRODUCTION

mbient Assisted Living (AAL) environments comprise assisted technology devices, communication protocols and

interfaces used to improvethe quality of daily life for humans in different periods of their life [1]. Considering predictions
of the demographic changes in society, AAL particularly focuses on elderly people though people with minor disabilities such
as motor impairments can benefit, too. The AAL systems are user-centered and specifically are based on the concept of User
Interfaces for All [2]. The concept aims at efficiently and effectively addressing the accessibility problems in human
interaction with software applications and services while meeting the individual requirements ofthe users in general, including
disabled andelderly people. Following thevision of e-Inclusion, theaimto “leave no-one behind” when enjoying the benefits
of information and communication technology [3].

In the AALenvironments, Neural-Computer Interfaces (NCI) can be used to provide alternative communication means for
persons with disabilities bypassing the need for speech and other motor activities. NCl is similar to Brain-Computer Interface
(BCI) in methods used as well as in applications, however it uses the Electromyography (EMG) data rather than the
Electroencephalography (EEG) data to establish an interface between human peripheral neural systemand computers by
recording electrical signals governing muscular movements ofasubject. The concepts are particularly suited to the needs of
the handicapped as the cores of the smart environments and virtual reality applications. The state of a user is captured using
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sensors attached to the body. Thena physiological computing system creates a bio-cybernetic neurofeedback loop involving
both humanusers and computers [4], which allows to produce a representation ofthe user’s operational context. The loop may
be designedto offerassistance if the user is frustrated or unable to performthe task due to excessive mental workload, adapt
the level of challenge to sustain or increase task engagementif the useris bored or demotivated by the task, incorporating an
emotional display element into the user interface, or alert for help if the user is not responsive [5].

When developing NCI systems forolderadults (over 60) one has to consider that older people often have multiple, minor
motorand cognitive function impairments or haveslow control over their motor functions [6]. Given the often reported lower
skin hydration in the elderly, the skin conductance is lower which leads to lower amplitudes and signal-to-noise ratio of
measured EMG signals [7]. They also may also have slower control over muscle activities of the hands, fingers, etc. and
decision-making may also be slower. Forthis group, the motivation to use NCI is completely different fromthe first group.
Therefore, the design of a NCI for older adults should reflect their non-typical EMG profiles or slower response times.

Speller is a typical example of NCI/BCI application, which establishes a communication channel for people unable to use
traditional keyboardand still remains a benchmark for BCl and NCI methods [8]. The speller is aimed to help those disabled
personsunable to activate muscles traditionally used in communication (hands, tongue) to spellwords by utilizing their neural
activity. Typically, spellers use signalamplitude information, however integrating it with signal processing methods such as
noise and dimensionality reduction methods and user intent prediction techniques can improve the results [9].

In this paper, we analyze the requirements for developing interfaces for impaired users and visual interfaces of known
spellerapplications, describe thedevelopment of aspelleras a typical benchmark application, and evaluate its performanceand
usability of the developed speller using a set of empirical (accuracy, information transfer speed, input speed), ergonomic
(NASA-TLX scale) and conceptual (humanistic intelligence) attributes.

The structureofthe remaining parts of the paper s as follows. Section Il analyzes the requirements for NCI systems and,
specifically, NCI spellers. Section 111 discusses the interfaces of speller applications. Section IVdescribes the development of
spellerapplication. Section Vpresents theexperimental results. Section VI evaluates the results. Finally, Section VII pres ents
conclusions.

l. ANALYSIS OF REQUIREMENTS FOR SPELLER APPLICATION

The requirements for speller application canbe categorized at different levels depending upon the physical abilities of its
users [10]: 1) Users with no physical disability, who may use NCI for entertainment or other conditions where physical
movement is restricted. 2) Users with minorimpairments (such as older persons). 3) Users with severe physical disabilities,
who may wish to use NCl as a secondary input. 4) Users who are almost locked -in (having limited muscle control), who may
need to use NCI as a method for communication.

First, the speller must follow general requirements for smart systems to be integrated intothe AALenvironments. Next, the
specific requirements for impaired users (and, specifically, for older persons) must be followed. Impaired users need assistance
such as automatic learning of user’s behavior to estimate his/her current needs.

Since humans often make mistakes orerrors in interactingwith machines, forany human-operated system, user interfaces
shouldbe designed suchthat preventerrors whenever possible; deactivate invalid commands; make errors easy to detect and
show users what they have done; and allow undoes, reverse, correct errors easily [11].

Forsmart systems, the following principles (also called “operational modes”) of Humanistic Intelligence Framework [12]
must be satisfied:

1) Constancy: the interface should operate continuously to read signals fromhuman to computerand to provide a constant
user-interface.

2) Augmentation: the primary task is increasing the intelligence of the system rather than computing tasks.

3) Mediation: the interface mediates between human senses, emotions and perceptions and acts as information filter by
blocking orattenuating undesired input to decrease negative effects of interaction (such as fatigue, information overload, etc.)
as well as to increase positive effects (such as user satisfaction) by amplifying or enhancing desired inputs.

Accordingto Lopes [13], the userinterface for persons with disabilities must: support user variability allowing to provide
the means to adaptto user-specific requirements; support of a wide range ofinput devices and output modes; provide minimal
user interface design; promote interactionand retain user attention on the tasks; and provide strong feedback mechanisms that
may provide rewarding schemes for correct behavior (results).

The requirements for interfaces forimpaired users can be formulated as follows [1]: 1) Limited access to details: complex
and vital details ofthe systemhave to be hidden to avoid user overwhelming and trapping. 2) Self-learning: detected common
patternsin the behavior of the user should be usedto automatically create rules or shortcuts thatspeed and ease up the use of
the system. 3) Systeminterruption: Impaired users have in most cases no idea how the systemis working, therefore easy
cancellation of system’s activities must be ensured.

In the questionnaire-based study of potential BCI user requirements towards assisted technologies [14], the participants rated
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participants rated “functionality” (aka effectiveness) as the most important requirement, followed by “possibility of
independent use” and “easiness ofuse”.

1. REVIEW OF SPELLER INTERFACES

Many differentvariants of interfaces have been proposed and designed for speller, a de-facto benchmark application of
BCI/NCI. Based on the complexity and visual representation of symbols to input, they can be categorized into the following
classes:

Linear (or single character) speller: allsymbols are shownandeach symbolis flashed individually untilsymbol selection
is done [15].

Matrix (or Row-Column) Speller: Allletters are arrangedin a matrix. First, speller flashes an entire column (Fig. 1, left)
or row of characters (Fig. 1, right). Then, single letters are flashed in a sequence, and can be selected. Different matrixsizes
can be used, e.g., a 6x6 matrix containing all 26 letters of the alphabet and 10 digits (0-9) [16], or even a full QWERTY
keyboard [17].

Fig. 1. Example of matrix speller interface.

Chekerboard Speller [18]: the 8x9 matrix is virtually superimposed on a checkerboard (Fig. 2, left),
which the participants never actually see. The items in white cells of the 8 x 9 matrix are segregated into a
white 6 x 6 matrix and the items in the black cells are segregated into a black 6 x 6 matrix. Before each
sequence of flashes, the items in Fig. 2 (left) randomly populate the white or black matrix, respectively, as
shown in Fig. 2 (middle). The checkerboard layout controls for adjacency-distraction errors, because
adjacent items cannot be included in the same flash group. The users see random groups of six items

flashing (as opposed to rows and columns) because the virtual rows and columns depicted in Fig. 2
(middle) flash.

Fig. 2. Checkerboard intherface of the speller [18]

Frequency-based layout accounts for the relative frequency of character occurrence in a language as
in Bremen SSVEP-based BCl-speller [19]. It has in the middle of the screen a virtual keyboard with 32
symbols (see Fig. 3) surrounded by five boxes flickering at different frequencies. These boxes correspond
to commands for navigating the cursor (indicated by red color), and for selecting the intended character.
The application starts with a cursor in the central position corresponding to the most frequent character in
English (i.e., “E”). Letters with the higher frequency of occurrence are positioned closer to the center
while the less frequent ones are further away. The user can navigate the cursor to the desired letter and
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confirm his/her choice with the “Select” command. The further the character is located from the center,
the more command selections (cursor movements) are required.

Select

Fig. 3. Interface of the Bremen BCI speller [19].

Region-based Speller: groups of characters arranged into different regions, which contain different
subsets of characters (Fig. 4). When the user confirms the selection of the group, the characters of the
group are divided into new groups until the desired character is selected. Examples of such interface are
27 symbol triads [20] or 64 symbol quadrants [21].

Fig. 4. Consecutive stages to select symbol in the quadrant region-based speller [21]

The Rotate-Extend (REx) paradigm [10] consists of a wheel divided into segments (see Fig. 5). An
arrow in the centre of the wheel controls the selection of target segments. One mental class is used to
control the rotation of the arrow, and the other class extends the arrow to select the target segment.
Example of Rex interface is Hex-o-Spell speller [22], which allows 30 different characters to be typed in.
The characters are shown in six adjacent hexagons distributed around a circle. Each hexagon contains five
characters and a ,,go back* command. For the selection of the hexagons, there is an arrow in the center of
the circle. After selection, the characters in all hexagons, except for the selected one disappear, while the
remaining characters and the ,,go back® command are mapped into six hexagons around the circle. Using
the same arrow-based strategy, the user selects the desired character or decides to go back to the previous
level of the interface to correct a mistake. Another implementation of REX interface is Oct-o-spell, where
a larger set of symbols is used [23].
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Layerl
Layer2

Layer3

Fig. 5. Interface of Oct-o-spell speller [23]

The overview of visual interfaces of spellers can be summarized as follows. The interfaces can classified according to
interface paradigm (linear/single, matrix, chekerboard, frequency layout, region-based, Rotate-Ex{and), stimulus type (the way
each individual character changes, e.g., flashing frequency, color change, distance to target, etc.), stimulus rate (the speed at
which individual characters change), stimulus pattern (grouping of symbols in interface), character set (usually includes all
letters ofthe alphabet as well as additional symbols such as numbers, separation marks, etc., enhancing intelligence (additional
techniques for improving accuracy of the system and rate of communication such as using language model, word
autocomplete, spelling correction or word prediction).

II. DEVELOPMENT OF EMG SPELLER

A NCI systemgenerally comprises thefollowing components: (i) a device thatrecords the muscular activity signals; (ii) a
signal preprocessor that reduces noise and artifacts; (iii) a decoder that classifies the de-noised signal into a control commands
for (iv) an external device orapplication (e.g., a robotic actuator, a computer program etc.), which provides feedback to the
user [24].

Our spellerapplication has three layers as follows: 1) On the lowest layer, the physiological signal is sampled into a data
streamof physiological data. Downsampling can be used to decrease amount of data and increase information processing
speed at higher levels. 2) On the intermediate layer, datais aggregated and events corresponding to specific patterns of data
are generated. Machine learning techniques such as artificial neural networks may be used to recognize such events and
generatedecisions. 3) On the highest layer, decisions are processed and used to generate control commands for external
applications (systems).

The architecture of the developed speller application is shown in Fig. 6. The speller has 6 components: MainReader is
responsible for control of data reader which is selected to use. ReaderAPl is public external interface of third-party EMG data
reader modules. MainController is responsible for selected controlmodule (executes commands). NiaReader is a third-party
module implemented forthe OCZ NIA data reader device. SpellingSquareis a third-party module implemented for text input
in symbol matrixusing the EMG-based commands.

The dashed rectangle separates system components from external components. Components inside the rectangle are
consideredas systemcomponents. Components outside the rectangle are considered as external components. Systemwas
developedwith respectto maintenanceso that external components were easy to add or remove. The external components are
sensors (EMG readers), actuators (robot, etc.) controllers or external software. NetBeans framework was used for
development. It provides the opportunity to add third-party components.
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Fig. 6 Architecture of physiological computing system

The feedbackto the useris an important aspectofthe NCl as it provides the user with information about his/her mistakes
as well as motivates the userto increase attention and engagement in the task. The main element of the developed speller
application that supports feedback is visual interface (Fig. 7). It contains therepresentation of the symbol matrix (the size and
characterset of the matrixis adaptable). The red-colored column indicates the current position of the speller cursor. The
cursormoves sequentially fromcolumn to column until the user activates the “Select” command. Next, the cursor moves
througheachsymbolin the selected column. A fter another “Select” command the particular symbol is selected and appears
in the text outputarea. The stimulirate (the speed ofthe cursor canvary from500 to 1500 ms) depends upon the number of
input mistakes the user does (the speed increases or decreases automatically to keep the number of mistakes low). The
mistake is considered as the “Cancel” command, which exits the selected column or deletes the selected symbol.

The control commands are initiated by the movements of facial muscles (left eye blink for “select” and right eye blink for
“cancel”). The user can see the EMGsignal feedback in the EMGsignal view area of the interface (Fig. 8). The particular
controlcommand is performed when theamplitude of the EMG signal is equal or higher than the specified threshold value
(marked with yellow horizontal lines). The upper threshold (highpositive amplitude) indicates the “Select” command, while
the lowerthreshold (high negative amplitude) indicates the “Cancel” command. The threshold values can be adjusted by the
user via settings.

The signal view of EMG while spelling the word “hello” is presented in Figs. 8 & 9. In Fig. 8, the word “hello” is spelled
without mistakes. In Fig. 9, the same example is presented but in this case it contains a few mistakes (wrong selections). For
correction of those mistakes cancellation commands must be performed. The indicates the command “select”. One trial
(selection of onecharacter) contains two positive signal spikes, the first spike is for column selection, the second for letter
selection in the corresponding column.

su
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EEEEEEEE b
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Fig. 7. Interface of developed speller application
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Letter “E” Letter “L”
selection selection

Dictionary
selection

Value

45,600 43,700 45,800 48,900 45,000 49,100 49,200 49,300 49,400 45,500
Time

Fig. 8. Signal view of spelling word “hello”. In this example no spelling mistakes were made and only three characters (“ hel”) were selected from the
symbol matrix. Dictionary selection was made to complete the word.

Letter “E” Letter “L”

g 1 i Wrong
Letter “H' selection selection selection
selection Signal

Dictionary
selection

18,400 18,500 18,600 18,700 18,800 18,900 19,000 19,100 19,200 19,30
Time

Fig. 9. Signal view of spelling word “hello”. This example contains two spelling mistakes therefore afier each wrong selection cancellation command was
performed. Three characters (““hel”) were selected from symbol matrix. Dictionary selection was made to complete the word.

The external dictionary canbe used while enteringsymbols. The dictionary words are filtered usingthealready entered part
of the word and shown to the user based on their frequency in the text corpora of the given language. The frequency value of
the word is increased based onits usage frequency by the user. If the userentersaword absentin the dictionary, the dictionary
is updated.

V. EXPERIMENTAL SETTING

The experiments we performed with 5 subjects (3 males, 2 females), aged 24-54 (mean = 33) year. Subjects did not have
any neurological abnormalities, reported normal or corrected tonormal vision, and did not use medication. All subjects gave
informed consent prior to the experiment.

EMG was recorded using OCZ Neuro Impulse Actuator equipment, which employs three electrodes across the forehead (see
Fig. 10). It uses carboninterfacefibers injected into a soft plastic as sensors to capture a combination of muscle, skin, and
nerve biopotentials.
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1

Fig. 10. The test subject with OCZ NIA device

The test subjects were seated in front of a table, 100 cm away fromthe liquid crystal display (LCD) showing stimuli. Visual
stimuli were presentedon a 13.3" size LCD screen with 1360 x 768 pixel resolution and a refresh rate of 60 Hz. Contrast and
brightness are set to maximum. The size of each character was 1.5 x 1.5 cm (0.86 x 0.86° visual angle) and the entire speller
matrix was 9.5 x 13 cm (5.44 x 7.42° visualangle). Stimuliconsisted of intensifications of the rows and columnsin sequential
order. Intensificationwas achieved by increasing the size ofall characters in the row or column with a factor 500 for 1500 ms.
Atrial is defined here as spelling of one character. Alltrials started with the speller being displayed on the screen, toge ther
with an instruction indicating which letter to select. Each stimulation sequence was followed by feedback on the screen,
showing which letter or group of letters had been selected.

Three text paragraphs were givento the experiment participants. Theirtaskwas toinputthe proposed text paragraphs using
speller. All text paragraphs were presented in Lithuanian. The first text paragraph contained 126 characters and its content
covered adaily conversation. The second text paragraph contained 111 charactersand its content covered a scientific speech.
The third text paragraph contained 120 characters and covered a scientific speech with mathematical equations. Each
experiment participant repeated the experiment 4 times with different speller settings. The first testwas made with basic speller
settings. The second testwas made with adaptable stimulus time (the stimulus time varied from 500 ms to 1500 ms depending
on the amount of mistakes). The third test was made with dictionary. The fourth test was made with both dictionary and
adaptable stimulus time. The average accuracy, input speed and bit rate values were calculated. The results of experiments are
presented in Section VI.

V. EVALUATION OF RESULTS

Quantitatively, the performance of speller application can beevaluated using accuracy, informationtransfer speedand input
speed metrics. Accuracy is calculated as the percentage of correct decisions. Information transfer rate (or bit rate) indicates
how much information can be communicated per time unit and is calculated using Wolpaw’s formula [25]. Finally, input s peed
is measured as the average time required to input a set of benchmark texts.

The accuracy results of BCI/NCI-based speller applications achieved by otherauthors are within 80-95% range (80% using
EEG-based P300 speller [26], 82.77% using ECoG [9], 84.22% using invasive BCI [27], 87.58% using SSVEP based BCI
[17], 87.8% for EOG-based speller [28], 89.5% [29], 91.80% [30], 94.8% for RSVP based speller [31], 90.81% for SSVEP-
based speller [32], 95.18% for Oct-o-spell [23]).

The information transfer rate (aka bit rate) of the BCI/NCI-based speller applications achieved by other authors are within 7-
41 bits/min (7.43 bits/min [33], 17.13 bits/min [29], 19.18 bits/min [30], 11.58-37.57 bits/min [32], 40.72 using SSVEP based
BCI [17], 41.02 using ECoG[9]).

The symbolinputspeed ofthe BCI/NCI-based speller applications achieved by other authors are within 1-12 CPM (1.38
CPM for EOG-based speller [28], 1.43 CPM for RSVP based speller [31], 4.33 CPM [30], 4.91 CPM [32], 9.39 CPM using
SSVEP based BCI [17], 10.16 CPM [23], 12.75 CPM [34]).

The results of the evaluation developedspellerare given in Table | and summarized in Figs. 11-13. Best results in terms of
both average and peak information transfer rate and input rate values are achieved when adaptable stimulus rate is used
togetherwith the dictionary. However, higher input speed inevitably lead to larger number of errors, therefore, accuracy is
lower than using the speller with basic settings.
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TABLE L.
EVALUATION OF SPELLER APPLICATION

Quantitative metric | Average Value | Peak value
BASIC SETTINGS

Accuracy 96.29 98.25
Information transfer rate | 34.78 41.83
Input speed 6.37 7.57
ADAPTABLE STIMULUS RATE

Accuracy 88.61 93.64
Information transfer rate | 42.53 49.79
Input speed 8.19 9.60
WITH DICTIONARY

Accuracy 92.65 96.06
Information transfer rate | 43.55 49.26
Input speed 8.22 9.35
WITH ADAPTABLE STIMULUS RATE AND DICTIONARY
Accuracy 89.16 92.53
Information transfer rate | 58.69 65.53
Input speed 11.35 12.42
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Input speed metrics
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Fig. 13. Input speed

Qualitatively, the speller application can be evaluated based on user’s mental workload required to
work with this application. Here we use the NASA Task Load Index (TLX) questionnaires [35], a multi-
dimensional rating procedure with six subscales: Mental Demands, Physical Demands, Temporal

Demands, Performance, Effort, and Frustration.

The users’ subjective workload was assessed with the NASA Task Load Index (TLX), which
identifies (1) the overall workload in the different tasks and (2) the main sources of workload. Workload
in the TLX is defined as a “hypothetical construct that represents the cost incurred by a human operator to
achieve a particular level of performance.” The TLX is specifically adequate when interested in detecting
the sources of workload. Workload is estimated with six subscales (mental, physical, and temporal
demand and performance, effort, and frustration). Participants rated subjective workload for each
dimension on twenty step bipolar scales with scores from 0 to 100. A weighting procedure was used to
combine the six individual ratings into a global score. To do so, the six scales were combined to 14 pairs
and subjects had to indicate which scale of the pair contributed more to their workload. A weighted
average technique was then used to compute an overall measure of workload (between 0 and 100) and the

relative contribution of each subscale to overall workload.

The NASA-TLX contains six factors (shown in Table I11), each of which has 20 levels and is scored
from O to 100. Small score represents low workload and vice versa. The speller application was evaluated
by 5 healthy subjects and the results are presented in Table I1l. Main sources of workload were physical
demands and effort. The average score for the workload factors are less than 56%. This observation
indicates that the speller interface is acceptable for all subjects. The high scores for the factor “Temporal

demand” given by most of the subjects indicates that we the speed of the system must be improved
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further. The low scores for “Frustration” indicate that subjects are iterested in using speller application

and that the results meet their expectations.

Table Il.
Evaluation of speller application using NASA-TLX index

NASA-TLX scale Average value
Mental Demands 52

Physical Demands 66.6

Temporal Demands 45
Performance 48

Effort 67

Frustration 55

Conceptually, the speller application can be evaluated based on theattributes (Unmonopolising, Unrestrictive, Observable,
Controllable, Attentive, Communicative), which every humanistic-intelligence systemmust have, as formulated by Mann [12]
(see Table IV).

Table I1.

Evaluation of speller application based on the Mann’s attributes of humanistic-intelligence system

Attribute Bvalua | Comment
tion
Unmonopolizing | Yes The speller does not cut the user
off from the outside world
Unrestrictive Yes The user can use other channels of

communication at the same time
while using the speller

Observable Yes The speller can get the user’s
attention continuously if and the
output medium is constantly

perceptible

Controllable Yes The user can control the speller
any time

Attentive Yes The speller is context aware,
multimodal, and multisensory

Communicative | Yes The speller allows to

communicate directly to other
users or spellers

VI. CONCLUSION

In this paperwe have described thedevelopmentofthe spellerapplication foran assisted living environmentusing the EMG
interface. This systemis controlled by voluntary muscular movements, particularly the orbicular ones (i.e., eye blinking).
These movements are translated into instructions which allow the text input.

The developedspellerapplicationis adaptive (text input speed canbe adapted dynamically in response to the user’s state)
and intelligent (machine learning techniques are used to analyze input data toachieve highaccuracy of selection as well as to
increase text input speed by using word complete and word frequency features).

The spellerhas been evaluated empirically (using accuracy, information transfer speed and input speed), ergonomically
(using the NASA-TLX scale of subjective workload) and conceptually (using theattributes of Mann’s Humanistic Intelligence
Framework [12]).

The achieved empirical results are within range of results achieved by other authors, while the ergonomic evaluation
suggests thatusersare interestedin using speller applicationand thatthe results meet their expectations, yet the speed of the
systemas well as the usability of its interface could be improved further.

This systemcan aid people with reduced mobility, extending the time that older people and disabled people can live in their
home environment, increasing their autonomy and their confidence.
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8.1.2. Development of EMG-Based Speller

ABSTRACT

Physiological computing is a paradigm of computing that uses physiological data of users as input
during computing tasks. By monitoring, analyzing and responding to such inputs, physiological
computing systems (PCS) are able to monitor, diagnose and respond to the cognitive, emotional and
physical states of users in real time. A specific case of PCS is neural computer interface (NCI), which
uses electrical signals governing muscular activity (EMG data) of a user to establish a direct pathway
between the user and a computer. In this paper we analyze and develop a speller application based on the
EMG interface. We present taxonomy of speller application parameters, propose a model of PCS, and
describe the development of a speller. Finally, we evaluate the performance and usability of the

developed speller using empirical (accuracy, information transfer speed, input speed) metrics.

Categories and Subject Descriptors
C.3 [Special-Purpose and Application-Based Systems]:

Real-time and embedded systems

General Terms

Measurement, Performance, Design, Human Factors.

Keywords
Physiological computing, NCI, EMG, speller.

1. INTRODUCTION

Today's computer systems are failing to satisfy the increasing expectations of everyday users. While
the output of computer systems features a multimedia communication channels, the input to computers is
still fairly limited to mechanical (keyboard, mouse), audio (speech) and tactile inputs [1]. Increasing the
number of communication channels from the user to the computer allows extending the capabilities of
disabled users, increasing context-awareness and intelligence of computer systems in smart environments,

and increasing the engagement of interaction of generic users, e.g., in computer games [2].

Physiological computing is a paradigm of computing that uses physiological data of users as input
during computing tasks [3]. By monitoring, analysing and responding to such inputs, physiological
computing systems are able to monitor, diagnose and respond to the cognitive, emotional and physical
states of users in real time. Examples of such physiological data are Electroencephalography (EEG),
Electrooculography (EOG), Electromyography (EMG), Eelectrocorticography (ECoG), Electrodermal
Activity (EDA), Blood Oxygen Saturation, Respiration, Skin Temperature. The state of a user is captured

using sensors attached to the body. Then a physiological computing system creates a bio-cybernetic
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feedback loop involving both human users and computers [4], which allows to produce a more accurate
representation of the user’s operational context. The loop may be designed to offering assistance if the
user is frustrated or unable to perform the task due to excessive mental workload, adapting the level of
challenge to sustain or increase task engagement if the user is bored or demotivated by the task, or

incorporating an emotional display element into the user interface [5].

Specific cases of physiological computing are neural computer interface (NCI) and brain computer
interface (BCI). BCI uses brain activity (EEG signals) of a user to establish a direct pathway between the
brain and computer. The concept is particularly suited to the needs of the handicapped as well for smart
environments, computer gaming and virtual reality (VR) applications [6]. Neural-computer interface
(NCI) is similar to BCI in methods used as well as in applications, however it uses the EMG data to
establish an interface between human peripheral neural system and computers by recording electrical

signals governing muscular movements of a subject.

Speller is a typical example of PCS, which establishes a communication channel for people unable
to use traditional keyboard and still remains a benchmark for BCl and NCI methods [7]. The speller is
aimed to help those disabled persons unable to activate muscles traditionally used in communication
(hands, tongue) to spell words by utilizing their neural activity. Typically, spellers use signal amplitude
information, however, integrating it with signal preprocessing methods such as noise reduction methods
(e.g., filtering or shrinking functions), dimensionality reduction methods (e.g., principal component
analysis (PCA)) and spectral analysis results and user intent prediction techniques such as Natural
Language Processing (NLP) algorithms can improve the results [8]. Due to the noise present in the
physiological signals, the detection of control signals it requires using efficient signal processing and

machine learning techniques (not considered in this paper).

In this paper, we propose a model of physiological computing system for EMG-based applications
and describe development of an EMG speller as a typical benchmark application. The structure of the
paper is as follows. Section 2 discusses the related work and presents taxonomy of speller application
parameters. Section 3 proposes a physiological computing based model for speller application. Section 4
describes the development of speller application. Section 5 presents and evaluates experimental results.

Finally, Section 6 presents conclusions.
2. RELATED WORK

The research in developing and improving speller systems focuses on improving accuracy of
spelling, increasing speed of information transfer, developing usable and effective speller interfaces, and

combining EEG/EMG based input with input automation techniques such as word complete and
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automatic correction of misspellings. For example, Akram et al. [9] propose a modified T9 (Text on Nine
keys) interface with a dictionary to give words suggestions to the user while typing. Eight keys are
associated with several characters and a dictionary is used to suggest words according to the sequence of
keys a user presses. Ahi et al. [10] use integrate a custom-built dictionary of 942 four-lettered words into
the classification system of P300 speller for automatic correction of misspellings. However, the dictionary
is used only for word correction and the user had to spell all the characters of a target word. Hohne et al.
[11] use a German language T9 system with an auditory event related potential based speller. The user
spelled on a 3x3 scheme with audio stimuli and suggestions are shown after the user spelled a complete
word. Mathis and Spohr [12] use tree data structures constructed from a newspaper corpus to
automatically complete the spelled words. In this way, identification of all letters becomes unnecessary,
and spelling of a word takes a shorter time. However, such a word completion system assumes that the
first letter is identified by the classifier correctly, and in case the first letter is misclassified, the system
generates erroneous results. Ulas [13] propose an approach for incorporation of such information into a
BCl-based speller through hidden Markov models (HMM) trained by a language model. Summarizing,

implementations of speller application can be characterized by:
Type of data: EEG [14], EMG [15], ECoG [8], EOG [16], Tactile [17].

Type of analyzed signal: P300 event-related potentials (ERPs), which are series of peaks and
troughs appearing in the EEG in response to occurrence of a discrete event, such as presentation of a
stimulus or psychological reaction to a stimulus [8], Error-related Potentials (ErrPs) generated by the
subject's perception of an error [18], N200 [19], Steady-state visual evoked potential (SSVEP), which are
signals that are natural responses to visual stimulation at the same (or multiples of) frequency of the

visual stimulus [20].

Modality: Auditory: the rows and columns of the letter matrix are represented by different sounds,
such as spoken numbers [21] or environmental sounds [22]. Visual: subjects direct their eye gaze toward
the letter they want to select. There are two cases: overt attention when eye gaze is directed toward the
target letter, and covert attention when eye gaze is directed at a central fixation point [23]. Tactile: stimuli
are applied to fingers that represented the letters of the alphabet. First, a group of letters is selected, then,

one letter from this group is selected [17].

Interface: Single character speller: all letters are shown and each letter is flashed individually until
letter selection is done [24]. Matrix Speller: All letters are arranged in a matrix. First, speller flashes an
entire column or row of characters. Then, single letters are flashed in a sequence, and can be selected
[25]. Lateral single-character is a single-character paradigm comprising all letters of the alphabet

following an event strategy that significantly reduces the time for symbol selection [26]. Hex-0-Spell:
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speller consists of six circles that all have the same distance to the point of fixation. The circles are
flashed while users direct their attention to one of the circles. In the first step, the circle with the desired
group of letters is selected. In the second step, letters are redistributed over the circles and the target letter
is selected [27].

Stimulus type: the way each individual character changes (e.g., flashing, color change, etc). For
example, Rapid serial visual presentation (RSVP) is a method of displaying information (generally text or

images) in which the text is displayed word-by-word in a fixed focal position [28].
Stimulus rate: the speed at which individual characters change.

Stimulus pattern: grouping of symbols in interface (e.g., QUERTY or DVORAK layouts in a
virtual keyboard).

Character set (alphabet): usually involves all letter of the alphabet as well as additional symbols
(numbers, separation marks, etc.).

Intelligence techniques: additional techniques for improving accuracy of the system and rate of
communication such as using language model [13], word autocomplete, spelling correction [29] or word
prediction [30].

The result of the analysis can be considered as taxonomy of speller application parameters, which
can be used for developing new speller applications. Next we discuss the model of a PCS and its

application to developing the EMG-based systems.
3. MODEL OF A PHYSIOLOGICAL COMPUTING SYSTEM

The model of physiological computing system proposed in this paper is based on the “operational

modes” of the Humanistic Intelligence Framework proposed by Mann [31]:

1) Constancy: PCS should operate continuously to read signals from human to computer and to

provide a constant user interface.

2) Augmentation: the primary task is increasing the intelligence of the system rather than

computing tasks.

3) Mediation: PCS mediates between human senses, emotions and perceptions and acts as
information filter by blocking or attenuating undesired inputs to decrease negative effects of interaction
(such as fatigue, information overload, etc.) as well as to increase positive effects (such as user

satisfaction) by amplifying or enhancing desired inputs.

The proposed model is summarized in Figure 1 and has three levels of information processing.
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1) On the lowest level, the physiological signal is sampled into a data stream of physiological data.
Downsampling can be used to decrease amount of data and increase information processing speed at

higher levels.

2) On the intermediate level, data is aggregated and events corresponding to specific patterns of
data are generated. Machine learning techniques such as artificial neural networks may be used to

recognize such events and generate decisions.

3) On the highest level, decisions are processed and used to generate control commands for external

applications (systems).

Physiological Computing System
) Signal
Physinlagical

Processing Events i Decisions B Camm:mnk X
/ Layer Layer ;
Layer e B / y
I V -

Signals

Appiicatians

Figure 1. Model of physiological computing system
4, DEVELOPMENT OF SPELLER

4.1 Architecture

Architecture of the developed speller application is shown in Figure 2. The speller consists of 6
main components: MainReader — system module responsible for control of data reader which is selected
to use. ReaderAPl — public external interface module. All third-party modules must implement this
component for full system integration. MainController — system module responsible for selected control
module (executes commands). NiaReader — third-party module implemented for the “OCZ NIA” data
reader device. SpellingSquare — third-party module implemented for text input in the symbol matrix using

EMG-based commands.

¢ | ReaderaPI ControllerAP|

A A
N I I b

NiaReader ‘(,,ﬁ,, MainReader ‘ ,,,,,,,,,,,,,,,, >{ MainController ‘,,L;, SpelingSquare ‘

Figure 2. Architecture of developed speller application

The dashed rectangle separates system components (inside the dashed rectangle) from external
components, which are either the sensor controllers (EMG readers) or actuator controllers (software or
hardware applications such as robots). The speller system is based on Java NetBeans framework. The
speller was developed with considering its future extension and maintenance so that external components

are easy to add or remove.
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4.2 Control

There are two types of control commands of the speller: “Select” command — selects a column or
types a symbol of that column. “Cancel” command — exits the selected column or deletes the selected
symbol. Those control commands can be initiated by the movements of facial muscles. In practice, eye
blinks are used to generate each control command (left eye blink for “select” and right eye blink for
“cancel”). The user can see the EMG signal feedback in EMG signal view area (see Figure 3). The
particular control command is performed when the amplitude of the EMG signal is higher than the
specified threshold value. The thresholds are marked as yellow horizontal lines in the EMG signal view
area. The upper threshold indicates the “select” command, and the lower threshold indicates the “cancel”

command. Threshold values can be adjusted using threshold setting sliders.

4.3 Visual interface

Visual interface of the developed speller application is presented in Figure 3. The most important
part of the visual interface is symbol matrix. The matrix is adaptable so that various symbols (including
special or national) could be added into the matrix. The red-colored column indicates the current position
of the speller cursor. The cursor moves coherently form column to column until user activates the “select”
command. Next, the cursor moves through each symbol in the particular column. After another “select”
command, the particular symbol is selected. That symbol appears in the output area (see Figure 3). The
speller cursor moves by the step which varies from 500 to 1500 milliseconds. The step value depends on
the number of mistakes the user does. A smaller number of mistakes mean the faster speed of cursor

movement. The mistake is considered as the “cancel” command.

The first row of the speller symbol matrix contains a dictionary selection. This selection allows to
enter the dictionary. When few symbols or a stem of the word is written dictionary gives the opportunity
to complete the particular word faster. The system logs dictionary selections therefore common used

words are at the top of the dictionary, thus the dictionary adapts to the user.
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Figure 3. Interface of developed speller application
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5. EXPERIMENTAL RESULTS

The experiments we performed with 5 subjects (3 males), aged 24-54 (mean = 33) year. Subjects
did not have any neurological abnormalities, reported normal or corrected to normal vision, and did not
use medication. All subjects gave informed consent prior to the experiment. The EMG data was recorded
using OCZ Neuro Impulse Actuator equipment. Visual stimuli were presented on a 13.3" size TFT screen
with 1360 x 768 pixel resolution and a refresh rate of 60 Hz. Subjects were seated in front of a table. The
screen was in the middle of the table at a distance of approximately 100 cm from the subject. The size of
each character was 1.5 x 1.5 cm (0.86 x 0.86° visual angle) and the entire speller matrix was 9.5 x 13 cm
(5.44 x 7.42° visual angle). Stimuli consisted of intensifications of the rows and columns in sequential
order. Intensification was achieved by increasing the size of all characters in the row or column with a
factor 500 for 1500 ms. A trial is defined here as spelling of one character. All trials started with the
speller being displayed on the screen, together with an instruction indicating which letter to select. Each
stimulation sequence was followed by feedback on the screen, showing which letter or group of letters
had been selected.

Three text paragraphs were given to the experiment participants. Their task was to input the
proposed text paragraphs using speller. All text paragraphs were presented in Lithuanian language. The
first text paragraph contained 126 characters and its content covered a daily conversation. The second text
paragraph contained 111 characters and its content covered a scientific speech. The third text paragraph
contained 120 characters and covered a scientific speech with mathematical equations. Each experiment
participant repeated the experiment 4 times. The average accuracy, input speed and bit rate values were

calculated.

Quantitatively, the performance of speller application can be evaluated using accuracy, information
transfer speed and input speed metrics. Accuracy is calculated as the percentage of correct decisions. Bit
rate indicates how much information can be communicated per time unit. Finally, input speed is measured
as the average time required to input a set of benchmark texts. The experimental results are presented in
Table 1.

The accuracy of the BCI/NCI-based spellers achieved by other authors are within 80-95% range
(82.77% using ECoG [8], 87.58% using SSVEP-based BCI [20], 87.8% for EOG-based speller [16],
91.80% [26], 94.8% for RVSP based speller [28]). Bit rate achieved by other authors are within 7-41
bits/min (19.18 bits/min [26], 40.72 using SSVEP based BCI [20], 41.02 using ECoG data [8]). Input
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speed achieved by other authors are within 1-12 sym/min (1.38 sym/min for EOG-based speller [16], 1.43
sym/min for RVSP-based speller [28], 4.33 sym/min [26], 9.39 sym/min for SSVEP-based BCI [20]).

Table 2. Evaluation of speller application

Metric | Average Peak Range
Value value
Accuracy | 91.71 98.25 82-95%
Bit rate | 43.58 65.53 19-41
bits/min
Input 8.28 12.42 1-9
speed sym/min

6. CONCLUSION

In this paper we have described the development of a speller application for a physiological

computing system using hybrid EEG-EMG interface. The speller application is based on the proposed

three-layered model of a physiological computing system and taxonomy of speller application parameters.

The developed speller application is adaptive (text input speed can be adapted dynamically in response to

the user’s state). The speller has been evaluated empirically (using accuracy, bit speed and input speed).

The achieved empirical results are within range of results achieved by other authors.
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