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SUMMARY

This work is about the evaluation of concept based smart speller. Analysis of existing spellers is in
the beginning. It also contains evaluation of these text input software. Next chapter describes the proposed
method of concept use. It defines the motivation behind the creation of this kind of speller and characterizes
modeling of visual language. Further main aspects of the system, like requirements, static and dynamic
views of the systems and data view, are described. In the experiment chapter performed evaluation of
concept based speller and its results are described in detail. Finally conclusions of this work are presented
with the list of used literature sources. At the end of this document papers written during master studies can

be found.



1. Jzanga

1.1 Dokumento paskirtis

Sis dokumentas yra programy sistemy inZinerijos studijy baigiamasis magistro darbas. Jis skirtas
aprasSyti studijy metu sukurtg sistema, nusakant jos panaudojimo sritis, apraSant architektiirinius bei

funkcijas. Taip pat Siame dokumente pateikiamas su sistema atliktas tyrimas ir jo iSvados.

1.2. Santrauka

Siame darbe atlickamas konceptais gristos ismaniosios teksto jvedimo sasajos tyrimas. PradZioje
iSanalizuojami pasaulyje egzistuojantys sprendimai . Taip pat atlieckamas Siy sprendimy palyginimas.
Tolesniame skyriuje aprasomas siiilomas koncepty panaudojimo metodas. Pateikiama motyvacija tokios
ivedimo sgsajos kirimui bei apibiidinama sumodeliuota vizualiné kalba. Toliau apzvelgiami esminiai
sistemos jgyvendinimo aspektai: reikalavimai, statinis, dinaminis sistemos vaizdai bei duomeny vaizdas.
Eksperimentinéje dalyje detaliai apraSomas atliktas eksperimentas bei gauti rezultatai. Galiausiai
pateikiamos magistrinio darbo iSvados ir literatliros saraSas. Prieduose galima rasti darbo metu paraSytus

straipsnius.

2. Analitiné dalis

Nervy-kompiuterio sgsaja (NKS) gali padéti Zmonéms turintiems stiprias negalias, tokias kaip
paralyzius, $oniné amiotrofiné sklerozé ir panasios. Zmonés, prikaustyti prie vezimélio ar lovos ir negalintys
Snekéti, taciau galintys bent Siek tiek pajudinti kokius nors raumenis NKS pagalba gali perduoti signalus
kompiuteriui, kur Sie signalai pasitelkus programing jranga atlikty tam tikrg veiksma.

Taciau yra ir kity nervy-kompiuterio sgsajos panaudojimo sri¢iy: ja galima panaudoti mokymuisi.
Vaikai galéty iSmokti naujy sudétingy Zodziy raSydami juos su NKS. Taip pat s3saja galima panaudoti
pramogai, pavyzdziui valdyti televizoriy ar kompiuterj, bei Zaidimams, pavyzdziui valdote paukstj, kuris
skrenda tiesiai, tatiau po truputj leidziasi, sujudinate raumenj ir paukstis suplasnoja — pakildamas auksciau,

taip j] valdydamas turite nuskristi kuo toliau vengdami jvairiy kliticiy.

2.1. Tikslas

Sio darbo tikslas yra sukurti i§maniaja teksto jvedimo sistema, kurioje teksto jvedimo greitis bity
didesnis, o klaidy skaic¢ius biity mazesnis lyginant su analogiSkomis sistemomis déka naudojamy dirbtinio
intelekto metody (automatinis klaidy iStaisymas, jvedamos raidés/zodzio spéjimas, automatinis zodzio
uzbaigimas ir koncepty pasiiilymas). Taip programos vartotojas galés pranesti aplinkiniams apie savijauta,
iSreiksti pageidavimus ar tiesiog pasisnekeéti.

Kadangi sunkiy ligoniy, kurie galéty pasinaudoti Sia sgsaja artimoje aplinkoje néra, tod¢l darbas yra

prototipinis ir labiau orientuotas sveiky Zzmoniy pramogai.



2.2. NCl ir BCI palyginimas

2.2.1. NCI
Sios sasajos efektyvumas priklauso nuo vartotojo sugebéjimo valdyti raumenis, ta¢iau nereikalauja

didelio susikaupimo ir norint iSmokti naudotis Sia sgsaja efektyviai reikia maziau laiko.

2.2.1.1. Teksto jvedimas su NCI
Dazniausiai teksto jvedimui su nervy-kompiuterio sgsaja pasirenkama judesiais valdyti pelés

zymeklj, kuriuo i$ klaviatiiros, panasios ] mobiliyjy telefony, renkamas tekstas [1]. Sujungti atskirg judesj su
individualia raide buty per daug sudétingas uzdavinys.

Zemiau parodytas klaviatiiros pavyzdys(zr. Pav. 1), ja sudaro 3 x 5 matrica, kurioje pirmose
trejose eilutése yra RoméniSkos ir Kor¢jietiSkos raidés, toliau eina iStrynimo («—) ir tarpo (—) simboliai,

kalbos perjungimo mygtukas, jvedimo bei atSaukimo mygtukai.
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Pav. 1 Klaviatiros pavyzdys

2.2.1.2. NCI signalai
Elektromiogramos metodu fiksuojamy raumeny sujudéjimo daznis yra nuo 7 iki 20 Hz. Taip pat

priklausomai nuo raumens i§ kurio fiksuojamas signalas jtampos pokytis gali kisti nuo 50 uV iki 20 mV .

2.2.1.3. NCI signaly Saltiniai
Elektrodai tvirtinami ant vartotojo raumeny. Tada elektromiagrafijos arba elektroneurografijos

metodu fiksuojami raumeny ar jy skaiduly sukuriami elektriniai signalai.

Elektrodai gali buti tvirtinami prie bet kokiy raumeny, taciau kai kurie raumenys gali biiti per mazi
ir jy generuojamy signaly nepakaks iSskirti judesj 1§ triukSmo. Changmok Choi su kolegomis savo darbe
pasirinko registruoti vartotojo rieSo judesius [1], kuriais buity valdomas pelés zymeklis. Jy pasirinktas

elektrody iSdéstymas matomas Pav. 2.



Pav. 2 Elektrody iSdéstymas [1]

2.2.2. BCI

Nepriklauso nuo nervy ar raumeny veiklos [2], biiklés ar sugebéjimo jais naudotis, taciau
reikalauja nemazo susitelkimo ties sgsajos valdymu. Taip pat laikas — reikalingas apmokymui yra didesnis

palyginus su NCI.

2.2.2.1. Teksto vedimas su BCI
Teksto jvedimo uzduociai su smegeny-kompiuterio sgsaja pasirenkama standartiné¢ 6 x 6 simboliy

matrica Pav. 3, su Angly kalbos abécélés raidémis, skaiciais nuo 1 iki 9 bei tarpo simboliu. Vartotojas
sukoncentruoja démesj j norimg simbolj, tada matricos eilutés bei stulpeliai yra atsitiktine tvarka
paryskinami. IS vartotojo gautos reakcijos yra suklasifikuojamos ir identifikuotas simbolis atvaizduojamas

ekrane [3].

Pav. 3 Simboliy matrica

Taip pat gali biiti naudojama ir 3 x 3 matrica tik su skaiciais, taciau Siuo atveju naudojamas

garsinis, o ne vaizdinis stimulas vartotojo reakcijai iSgauti [4].

2.2.2.2. BCI signalai
Daugumos suaugusiy Zzmoniy elektroencafalogramoje fiksuojamos p ir B smegeny bangos kinta

atitinkamai nuo 8 iki 12 Hz (n) ir nuo 18 iki 26 Hz (B) dazniais [5] bei a bangos kintancios nuo 7 iki 14 Hz.
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2.2.2.3. BCI signaly saltiniai
Sios sgsajos elektrodai tvirtinami ant vartotojo galvos specifinése vietose, pavyzdziui Tianyou YU

su kolegomis 1§ Piety Kinijos technologijy universiteto tvirtino 30 elektrody Zemiau esanciame paveiksliuke
pavaizduotose vietose [6] . Dazniausiai pasirenkama tarptautiné 10-20 elektrody tvirtinimo ant skalpo

sistema, matoma Pav. 4. Elektrody i§déstymas priklauso nuo to kokios smegeny bangos registruojamos.

Pav. 4 Elektrodu vardai ir iSdéstymas

2.3. HBCI

Pastaruoju metu padaugéjo tyrimy susijusiy su hibridinémis smegeny-kompiuterio sgsajomis. Jy
tikslas yra apjungiant keleta sprendimy (P300, SSVEP, N2, atskiry smegeny bangy aptikimas ir
klasifikavimas ir raumeny signaly aptikimas ir klasifikavimas) iSgauti geresnius rezultatus bei sumaZinti
laika, reikalingg apmokyti vartotojui.

Pavyzdziui Yuanging Li ir kolegos panaudojo P300 potencialag ir SSVE potencialus vezimélio
valdymui [7]. Eksperimento rezultaty analizé parodé, jog apjungiant §iuos du sprendimus stipriai pagerino
smegeny-kompiuterio sgsajos veikimo greit] ir tikslumg lyginant su jprastais BCL

Robert Leeb pasitilytas variantas [8] apjungiant raumeny ir smegeny signalus leisty vartotojams
persijunginéti tarp vieno ar kito, pavyzdziui pavargus raumenims ar sumaz¢jus koncentracijai biity galima
leisti pailséti vienai daliai kol kita dirba. Tai kur kas labiau iSplecia praktinj BCI sistemy efektyvuma ir

panaudojamuma.

2.4. Problemos sprendimas pasaulyje

Naudojamy prietaisy ir metody signaly apdorojimui efektyvumui daznai pasitelkiama Sabloniné
teksto jvesties programa ,,Speller. Jos pagalba nustatomos tokios sistemos charakteristikos kaip duomeny
perdavimo greitis, vidutinis simboliy kiekis per minute bei laikas reikalingas apmokyti vartotoja.

Programos grafinéje gali buti pavaizduotos jvairios simboliy matricos, 4 x 10 [9], 3 x 3[10], 6

SeSiakampiai ar net pilna QWERTY klaviatiira [11], taiau dazniausiai pasirenkama 6 x 6 simboliy matrica

11



dél savo universalumo. Joje galima sutalpinti angly abécélés raidés, skaicius nuo 1 iki 9 bei tarpo simbolj,
taciau galimi nedideli nukrypimai, pavyzdziui abécéle parinkta pagal vartotojy gimtaja kalbg. Tipinis
grafinés sgsajos vaizdas matomas Pav. 3.

Siai analizei pasirinktos keturios Sabloninés teksto jvedimo programos.

2.4.1. DTU BCI Speller programa

Danijos technikos universiteto darbuotojai suktiré teksto jvedimo programg pagrista SSVE
potencialais ir turin¢ig zodyna.

Devyni sveiki vartotojai buvo po vieng pasodinti tamsiame kambaryje 60 centimetry atstumu nuo
kompiuterio ekrano, kuriame rodomi vaizdiniai stimulai.

Signaly gavimui naudoti 3 paauksuoti elektrodai, kurie buvo pritvirtinti prie vartotojo galvos.

Grafiné sasaja (Pav. 5) susideda i$ dviejy viety su mirksinéiais taikiniais. Tarp ty viety yra laukas
kuriame matomas jvedinéjamas tekstas. Po Siuo lauku yra dar vienas visuomet aktyvus taikinys, kurj
pasirinkus perjungiama aktyvi pusé. Kairéje puséje yra septyni taikiniai su individualiais simboliais.
Pirmuoju bandymu vartotojas i$sirenka simboliy grupe, o antrajame iSsirenkamas norimas simbolis. DeSinéje

puséje yra zodynas, i$ kurio gali biti pasirinktas norimas zodis.

Pav. 5 Grafinés sasajos vaizdas su aktyvia simboliy jvedimo vieta (kairéje) ir aktyvia Zodyno vieta
(deSinéje)
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2.4.2. Singapuro IR instituto P300 BCI
Singaptiro IR institute Chaunchu Wang, Cuntai Wang ir Haihong Zhang [9] pasitelkdami P300

potencialus sukiiré parodomaja teksto jvedimo programa.
Grafing sasaja (Pav. 6) sudaro virSuje esantis teksto laukas ir po esanti 4 x 10 simboliy matrica.

erse

BRAINY COMUNICATOR

Pav. 6 Teksto ivedimo programos sgsajos vaizdas

Vartotojy stimuliavimui atsitiktine tvarka vienas po kito mirksi mygtukai. Intervalas tarp
mirkteléjimy gali buti labai trumpas — apie 30 milisekundziy. Tac¢iau epochos duomenis reikalingi pamatyti

P300 sablong trunka nuo 150 iki 500 milisekundziy.

2.4.3. Dviejy dimensijy garsiné P300 teksto jvedimo sistema su teksto nuspéjimu
Martijn Schreuder su kolegomis [4] sukiré dviejy dimensijy garsing teksto jvedimo sistema.

Stimulai jy programoje kinta auks¢io dimensijoje: aukStas, vidutinis, Zemas garsas ir vietos dimensijoje:
kaire, vidurys, deSiné. Taigi gaunami 9 galimi pasirinkimai, kurie yra integruoti j teksto nuspé&jimo sistema.

Dvylikai sveiky savanoriy buvo rodoma 3 x 3 simboliy matrica ir per ausines transliuojami devyni,
100 ms trunkantys, garsiniai signalai i$$aukiantys vartotojo reakcija. Si reakcija buvo fiksuojama su
elektroencefalogramos kepure.

Teksto nusp¢jimui buvo naudojama modifikuota T9 versija. Ji buvo paruosta su 10 000 dazniausiai
vartojamy vokiSky zodziy. Taip pat, kadangi standartiné T9 naudoja daugiau nei 9 mygtukus teksto jvedimui
sistema buvo modifikuota taip, kad mygtukai nuo 2 iki 9 naudojami teksto jvedimui, o 1 mygtukas perjungia

1 ZodZiy pasirinkimo rézima.

2.4.4. ERP grjsta lytéjimo teksto jvedimo sistema
Marjolein van der Waal ir kolegos i§ Radboud University Nijmegen sukaré lytéjimu valdomag

teksto jvedimo sistemg [12]. Vartotojy pirSty galiukai stimuliuojami trumpais intarpais, tuo metu jy
smegeny veikla buvo fiksuojama. Raidés buvo priskirtos kiekvienam pirStui ir vartotojas galéjo iSsirinkti

norima raide tyliai skai¢iuodamas kiek karty pirstas su atitinkama raide buvo stimuliuotas.
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Pav. 7 Brailio stimuliatorius naudotas pirsty galy stimuliuoti

Aukséiau (Pav. 7) matomas prietaisais naudotas suzadinti vartotojo reakcijg, o Zemiau esanciame
paveiksle pavaizduotas raidziy iSdéstymas ant pirSty. Tam jog vartotojai nesuspausty stimuliatoriaus stipriau
viena ranka nei kita buvo naudojami elektrodai pritvirtinti ant kiekvienos rankos alkiinés, kurie fiksavo

elektromiograma.

Pav. 8 Raidziy ir pirSty sarysis
Paveiksle Pav. 8 pateikiamas raidés iSsirinkamas. Jis vyksta dviem zingsniais: visy pirma

iSsirenkama raidziy grupé (a) ir toliau iSrenkama individuali raidé (b).

2.4.5. Rezultaty palyginimas

Siame poskyryje esan¢ioje lenteléje (Lentelé 1) pateikiami analizuoty programy rezultaty

palyginimai.
Lentelé 1 Rezultaty palyginimas
Kriterijus/Programa | DTU BCI Singaptro IR | 2D Garsiné ERP grjsta

instituto P300 | P300 lytéjimo
BCI

Informacijos perdavimo 21.94+£15.63 |- 5.95 Vidutiniskai

greitis, bitai/min 7.8

Simboliy raSymo greitis 4.90 + 3.84 6+4 Vidutiniskai Vidutiniskai

simboliai/min 0.845 1.51
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2.4.6. Programy palyginimas

Zemiau esanéioje lenteléje (Lentelé 2) pateikti 2.4 skyriuje apzvelgty sprendimy duomenys.

Lentelé 2 Programy palyginimas

Kriterijus/Programa DTU BCI Singapiiro IR | 2D Garsiné ERP grjsta
instituto P300 | P300 lytéjimo
BCI
Jrengimas g.USBamp Neuroscan Brain Products | BioSemi ir
NuAmps 64-kanaly pjezoelektrinis
stiprintuvas Brailio
stimulatorius
Signalai 6—-11Hz 1-24Hz 100 Hz 35 Hz
Signaly apdorojimas FFT Artefakty MATLAB Downsampling
pasalinimas, | funkcijos
kanaly
i1Srinkimas
Naudoti masininio mokymosi - SVM Dvejetainis Linijinis
metodai klasifikavima | klasifikavimas | klasifikatorius,
S naudojant dvejetainis
Fisherio Klasifikatorius
Diskriminanta
Triuk$mo filtravimo metodai Juostinio Juostinio Juostinio Juostinio
pra¢jimo filtras | pra¢jimo pra¢jimo filtras | pra¢jimo filtras,
filtras judancio
vidutinio
vagono filtras,
Furjé filtras
Antrinis apdorojimas (angl. Post | - PCA metodai | - ANOVA
Processing)
Sasaja:
Simboliy isdéstymas Matrica 3 x 3 | Matrica 4 x Matrica 3x3 Matrica 6 X 6
10
Ar priklausoma nuo kalbos? Ne Ne Taip Ne
(Vokieciy)
Charakteristikos SSVE P300 P300 P300, N2
potencialai potencialai potencialai ir potencialai ir
garsiniai Brailio
stimulai stimuliatorius
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3. Siulomas metodas

Siame skyriuje apraioma motyvacija kurti konceptais grista i¥maniaja teksto jvedimo sasaja bei

pats koncepty panaudojimas.

3.1. Jvadas

Tiek Lietuvoje, tiek pasaulyje labai opi problema yra palengvinti nejgaliyjy dalig. Yra tokiy
ligoniy, kurie gali atlikti labai minimalius judesius, taciau jy nepakanka normaliai funkcionuoti. Todél jie
turi biiti slaugomi. Dalis $iy nejgaliyjy dél jvairiy priezas¢iy nesugeba Snekéti ir norédami komunikuoti su
aplinkiniais turi kitais buidais reik§ti savo mintis. Siy Zmoniy galimybés naudotis kompiuteriu yra ribotos,
nes kompiuteriai pagrinde vis dar yra valdomi pele ir klaviatira. Naudojimosi kompiuteriu galimybés
minimalus ar visiSkas nebuvimas labai suprastina negalig turiniy Zzmoniy gyvenimo kokybe. Todél
tobul¢jant kompiuterinéms technologijoms reikia atsizvelgti i Zmoniy naudojimosi kompiuteriu kokybe,
visuose gyvenimo etapuose. Nauji konceptai ir metodai (tokie kaip kasdienj gyvenimg palengvinancios
aplinkos (angl. Ambient Assisted Living) [14] technologijy jrenginiai, sistemos ir sgsajos) turi bati istirti, kad
sukurti efektyvesnes naudojimosi kompiuteriu sgsajas ne tik tipiniams vartotojams , bet ir nejgaliesiems ar
senyvo amziaus zmonéms. Bendravimo kanaly, tarp vartotojo ir kompiuterio, kiekio padidinimas leidzZia
iSplésti neigaliy vartotojy galimybes, padidinant konteksto supratimg ir kompiuteriniy sistemy intelekta
protingose aplinkose bei padidinant tipiniy vartotojy sgveikos lygj, pvz.: kompiuteriniuose zaidimuose.[15]

Nepaisant didelés technologijy augimo spartos dauguma paslaugy yra neprieinamos negalig
turintiems vartotojams. Bitent dél techninés jrangos dizaino trikumy Sie vartotojai negauna prieigos prie
informacijos ir Ziniy, kurias teikia naujausios technologijos.

Neijgaliis individai su daliniais motoriniais sugeb¢jimais daZniausiai gali naudotis mechaniniais
jungikliais bendravimo sistemy valdymui per tiesioginius pasirinkimus [16]. Taciau individams galintiems
judeti tik dalinai ar visai negalintiems judéti (,,Jocked in“ sindromas), gali reikeéti sasajy nepasikliaunanciy
vien paprastais jungikliais. Jungikliai Siose sgsajose galéty biiti aktyvuojami fiksuojant vartotojo maZzus
judesius infraraudonaisiais spinduliais arba akiy mirksniais. Taip pat gali bti pasitelktas elektromiogramos

signaly fiksavimas atliekant valingus ranky ar veido raumeny susitraukimus arba okulografija.

3.2. Koncepty panaudojimas

Piktogramos sutinkamos visur Siandieniniame pasaulyje: medicinoje, kompiuteriuose ir pan. Taip
yra todel, kad jos savo ikoniSka forma atvaizduoja realaus ar virtualaus pasauliy objektus, vietas, veiksmus,
kryptis, apribojimus ir pan. Sios ikonos yra nepriklausomos nuo kalbos, todél suteikia kur kas platesnj
panaudojima nei tekstas. Atpazinti paveikslg yra lengviau nei skaityti tekstg. D¢l Siy priezasCiy ir nuspresta
magistrinio darbe, vietoje konkre¢iy raidziy ar zodziy, vartotojo-kompiuterio bendravimg patobulinti

panaudojant vaizdus, turin¢ius platesng prasme nei vienas zodis — konceptus.
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Pavyzdziui | klausimg ,kaip tu jautiesi?* galima atsakyti raSant zodj ,,gerai, taciau pasitelkus

koncepta biity galima atsakyti teigiama emocija iSreidkianéiu paveiksléliu. Zemiau pateikiamas paveikslélio

pavyzdys (Pav. 9).

Pav. 9 Teigiama emocija iSreiSkiantis paveiksliukas

Taip pat pasitelkus tg patj koncepta biity galima pasisveikinti.

Toks koncepty panaudojimas leisty sumazinti atsakymo laikg bei veiksmy reikalingy pateikti

atsakymui kiekj. Sis teksto jvedimo sasajos suabstraktinimas galéty praplésti potencialiy vartotojy spektra,

nes taip biity sudarytos galimybés ja naudotis vartotojams, kurie nemoka rasyti ar skaityti ar turi protiniy

sutrikimy.

3.3. Vizualinés kalbos modeliavimas

Magistro darbe naudojama vizuali kalba — konceptai — sudaryta i§ penkiy pagrindiniy daliy ir

vienos j konkredig vartotojy grupe (negalia turintys vartotojai) orientuotos dalies. Sios dalys tai placia

prasme turintys konceptai, matomi Pav. 10.

If@ i
2|OX

Pav. 10 Pagrindinés vizualinés — koncepty — kalbos dalys

Sie konceptai atitinka tekstinés kalbos dalis. Eilutémis i§ kairés j desine:

Jausmai — atitinka badvardzius. Sio koncepto vieni vaiky yra ,,Salta®, | karSta“.

Veiksmai — atitinka veiksmazodZius. Sio koncepto vieni vaiky — ,,skaityti®, ,,bendrauti®.
Daiktai — atitinka daiktavardzius. Vaikai: ,,televizorius®, ,,maistas‘.

Asmuo — daugmaz atitinka jvardzius, nes po Siuo konceptu grupuojami konceptai
nurodantys asmenj: ,,AS%, ,,Daktaras*.

Vieta — §is konceptas apibrézia vieta nurodancius konceptus, pvz.: ,,ligoniné®, ,,namai®.
Laikas — tai konceptas apjungiantis laika nusakancius konceptus, pvz.: ,Siandien®,
,,vakar.

Kiino dalys — tai bendrinis konceptas orientuotas j tiksline auditorija (nejgaliuosiuos). Sis

konceptas apjungia konceptus nurodancius zmogaus ktino dalj, pvz.: ,,ranka®, ,,koja“ ir t.t.
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- Pagalbiniai konceptai — po Siuo koncepty grupuojami konceptai atliekantis pagalbines
kalbos funkcijas, tokias kaip neigimas, sakinio uzbaigimas, klausimas.

Pilnas sistemoje naudojamy koncepty sgrasas pateiktas prieduose (9 skyriuje) esancioje lenteléje —
Lentelé 5.

Konceptai ir juos apjungiantys téviniai konceptai parinkti kuo paprastesni ir universalesni. Tai suteikia
vartotojui galimybe bendrais terminais i§sakyti savo poreikius. Taip pat tai reiskia, kad jvairius konceptus
galima naudoti skirtinguose kontekstuose, suteikiant skirtingas reikSmes sakiniams. Toks koncepty
parinkimas ir panaudojimas sifilomai vizualinei kalbai suteikia lankstumo. Zemiau esanéioje lenteléje
(Lentelé 3) pateikiamos pavyzdinés vizualinés koncepty kalbos frazés.

Lentelé 3 Pavyzdinés vizualinés kalbos frazés

Tekstiné frazé Vizualiné — koncepty frazé

AS noriu valgyti s
S fti

Kiek dabar valandy?

Man skaudg Sirdj, kvieskite greitaja

A_
[+
[©

Ar tu gali pakasyti man koja?

ISjunk televizoriy

LI AES

Man reikia eiti i ligonine Siandien

M| |t &
)

*::‘}
B
&

Man reikia pagalbos

G

AS laimingas namie

W e

AS noriu eiti | laukg

lolelele © + lo(

>

Kvieskite gydytoja

Negaliu kvépuoti

(NP
> & 2
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Projektiné dalis

Siame skyriuje pateikiami projekto reikalavimai, funkcijos bei sistemos statinis ir dinaminis vaizdai.

4.1. Projekto reikalavimai

4.1.1. Funkciniai reikalavimai
Kuriamai sistemai buvo iSkelti tokie funkciniai reikalavimai:

Sistema turi leisti vartotojui jvesti tekstg pasinaudojant nervy-kompiuterio sasaja.

Sistema turi vartotojui suteikti galimybe jvedus dalj zodzio iSsirinkti labiausiai tinkantj
atitikmenyj i$ jos nuspéty varianty.

Galimybé issirinkti koncepta.

Konceptai turi buti sugrupuojami | struktiirinius vienetus, kuriuose gali biiti kiti vienetai
arba pavieniai konceptai.

Sistema turi suteikti galimybe vartotojui iStrinti ar pakeisti pasirinkta zodj, simbolj ar
koncepta.

Sistema turi turéti galimybe nuspéti tolimesne vartotojo jvest;.

Sistema turi sugebéti automatiskai jterpti nuspéta zodj ar jo dalj i teksta.

Turi buti sukurta galimybé susikurti savo konceptus.

Turi biiti jgyvendintas koncepty Salinimas.

4.1.2. Nefunkciniai reikalavimai
Projekto pradzioje buvo sudarytas nefunkciniy reikalavimy sgrasas:

Zodyne neturi biti keiksmazodziy ar kity jzeidziandiy zodziy.
Sistemoje negali bati jZzeidZian¢iy koncepty.
Masininio mokymosi algoritmy atsako greitis turi biiti priimtinas vartotojui.

Koncepty kiekis turi buti pakankamas bent minimaliam bendravimui.
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4.2. Programy sistemos funkcijos

Sistemos vartotojas pasinaudodamas NIA prietaisu gali jvesti teksta. Automatinis Zodziy
uzbaigimas pateikia savo spé&jima, koks Zodis yra vedamas. Jei vartotojas pageidauja jis gali pasirinkti §j
pasitilyma. Tada bus automatiskai uzbaigiamas vedamas Zodis. Si funkcija tinka ir klaidy taisymui. Jei
jvestas pilnas zodis su klaida ir sistema siiilo teisingg variantg, galima jj i$sirinkti ir taip iStaisyti klaida.

Kitas svarbus projekto aspektas yra konceptai. Vartotojas gali jvesti arba trinti jau parasytus
konceptus. Sistema sukonstruoja koncepty medj, taciau vartotojas gali ji koreguoti savo nuoziiira. Yra
sukurtos galimybés pridéti savo konceptus j duomeny baze arba Salinti iS jos jau egzistuojancius.

Visi konceptai yra susieti su juos atitinkanciais zodziais — sinonimais, tod¢l galima perziiiréti
konceptais parasyto teksto atitikmenj zodZiais.

Zemiau esan¢iame paveiksle (Pav. 11) matoma sistemos panaudos atvejy diagrama.

|

ISmanioji teksto jvedimo sistema A

¢ Klaidos taisymas

i
(

Teksto jvedimas

" Zodzioraidés
spéjimas

~ -~ Zodzio uzbaigi N
= /'/I(onceptq medzio \

Vartotojas " inoni = inoni
\

Sinonimy ' Sinonimy //
perziuréjimas wy/
— / Vartotojo veiksmo
Qm/-) identifikavimas
\redagawmas
Koncepto S'Q“a“l
sukiirimas atvaizdavimas
duomeny bazéje

/ Konce pto trymmas Slgnalu prlemlmas

i$ duomeny bazés

|§tema

\//

Pav. 11 Panaudos atveju diagrama
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4.3. Architektdros tikslai

Kuriant sistemos architektiirg buvo uzsibrézti tokie tikslai:

- Sistema turi biiti projektuojama su galimybe ateityje ja iSplésti.

- Turi biiti panaudoti masSininio mokymosi algoritmai teksto jvedimui pagreitinti.

- Tam, kad sistemg padaryti labiau prieinamg jvairiems vartotojy tipams, turi biiti naudojami

konceptai.

- Turi buti sudarytos galimybés plésti zodyna ir koncepty sarasa.

- Vartotojui turi biiti sudarytos salygos atSaukti atlikta komanda.

- Sistema turi tiréti grafing sasaja.

4.4. Sistemos statinis vaizdas

Zemiau esan¢ioje diagramoje (Pav. 12) pateikiamas sistemos pakety idéstymo vaizdas.

L

Vaizduoklis

]

== = = —

Sistema

[ .

Dirbtinio intelekto paketas

= T
i

[

| .

Saugyklos paketas

(.

Vartotojo sasajos paketas

Teksto redaktoriaus paketas
= =

_| Valdymo paketas

Prietaisas

| ~h

' |

Duomeny priémimo paketas | |

5

\

\-1‘4

Duomeny apdorojimo paketas

ol Duomeny klasifikavimo paketas

7
I

— A

= Apmokymo paketas

Pav. 12 Sistemos iSdéstymo diagrama

Vartotojo sgsajos paketas — Sis paketas atsakingas uz grafinés vartotojo sgsajos langy atvaizdavimag

ir veikima.

Teksto redaktoriaus paketas — paketo pagalba bus jvedinéjamas tekstas.

Valdymo paketas — atsakingas uz valdymo funkcijy jgyvendinima.

Dirbtinio intelekto paketas — $is paketas jgyvendins masininio mokymosi algoritmy funkcijas.

Saugyklos paketas — suteiks prieiga prie zodziy ir koncepty duomeny bazés.

Duomeny priémimo paketas — priims duomenis i§ prietaiso.

Duomeny apdorojimo paketas — §is paketas jgyvendins gauty duomeny apdorojima.

Apmokymo paketas — paketas atsakingas uz klasifikavimo modelio sukairima.

Duomeny klasifikavimo paketas — pasinaudodamas klasifikavimo modeliu sujungs protines

biisenas su valdymo komandomis.
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4.5, Sistemos dinaminis vaizdas

Siame poskyryje pateikiami keliy pagrindiniy sistemos atlickamy veiksmy aprasymai bei veiklos
diagramos.

4.5.1. Koncepto iSsirinkimas
Zemiau pateiktoje diagramoje (Pav. 13) matoma koncepto issirinkimo diagrama. Si veiksmy seka

pradedama kai identifikuojamas koncepto pasirinkimo veiksmas. Visy pirma paimamas pasirinktas
konceptas, tada patikrinama ar jis turi vaiky. Jei egzistuoja pasirinkto koncepto vaikai, tai reiskia, jog galima
pereiti lygiu zemiau prie konkretesniy koncepty — vaiky. Tada atlickamas Sis veiksmas. Jeigu vaikiniy

koncepty néra, tada j raSymo panele jtraukiamas pasirinktas konceptas.

Gauti
pasirinkta
koncepta
| Gauti koncepto ‘
vaikus
= Atvaizduoti
Pereiti lygiu ) Taip W Ne 4 koncepta
gilyn f S o rasymo
—_— Ar yra \ paneléje
vaiky? — —

Pav. 13 Koncepto iSsirinkimo veiklos diagrama
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4.5.2. Pasiulymo generavimas ir atvaizdavimas
Pasitilymo generavimas inicijuojamas kai vartotojas jveda daugiau nei 3 simbolius. [vestas tekstas

yra palyginamas su visais zodyne esanciais zodziais. Taip iSrenkamas panaSiausias zodis, kuris ir yra

pasiiilomas vartotojui. Sis veiksmas kartojamas su kiekviena naujai jvesta raide.

paveiksle (Pav. 14) pateikta pasitilymo generavimo ir atvaizdavimo diagrama.

Taip

Ne

Ar jvesti daugiau
neitrys
simboliai?

\

Perduoﬁ ivesta

i tek

sta

analizavimui

I

)

( Surinkti iodym; }

B 2

“Palyginti jvesta
teksta su
kiekvienu

zodyno zodziu |

Arlabai <

Ne panasas?

\ e

Nustatyti kaip

geriausia
atitikmenj

3o

Ar per]
Zody

Fidretas
nas?

Taip

.1

_Atvaiz

duoti )

rasta pasialyma

Pav. 14 Pasiilymo generavimo ir atvaizdavimo diagrama

Zemiau esan¢iame
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4.5.3. Naujo koncepto saugojimas

Sis veiksmas vykdomas suvedus koncepto duomenis ir nuspaudus saugojimo mygtuka. Visy pirma
patikrinama ar jvestas koncepto pavadinimas ir ar pasirinktas paveikslélis yra 64 x 64 pikseliy didumo bei ar

jo plétinys yra ,,png*“. Nepavykus patikrinimui parodomas nesékmés praneSimas su zinute apie konkrecia

bloga vieta.

paveikslas yra perkeliamas j sistemos aplanka. Jei atlickant kurj nors i§ $iy veiksmy susiduriama su klaida

S¢kmingai atlikus duomeny tikrinimg konceptas yra jraSomas j duomeny baze ir po to pasirinktas

visi veiksmai yra atSaukiami ir vartotojui parodomas klaidos pranesimas.

Baigus saugojimg s¢kmingai vartotojui pateikiamas praneSimas apie sékmingg iSsaugojima.

Paveiksle (Pav. 15) pateikta koncepto saugojimo veiklos diagrama.

Surinkti
saugojamo
koncepto

duomenis

?

|

Patikrinti
koncepto
duomenis

ISsaugoti

‘l’ Taip (
2] koncepta

Rodyti klaidos =
pranesima !

Ne

~

Ar duomenys

teisingi?

Ar saugojimas

pavyko?

duomenuy
bazéje

Ne

&
i Taip

PerkeTt?

koncepto
paveiksla |
sistemos

aplanka

/l\ Taip _ [ Rodyti sekmeés

~

Ar
perkelimas
pavyko?

pranesima

Pav. 15 Naujo koncepto saugojimo veiklos diagrama
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4.6. Duomeny vaizdas

Paveiksle Pav. 16 matoma duomeny bazés esybiy diagrama. Pagrindiné lenta yra ,,Concept®,

kurioje saugoma koncepto informacija:

- ID —identifikatorius.
- PARENT_ID - tévinio koncepto identifikatorius.
- RELATED_WORD_ID - susijusio zodzio identifikatorius.
- NAME - pavadinimas.
- IMAGE_NAME - paveikslélio pavadinimas.
Lentoje ,,Word“ saugomas zodzio identifikatorius bei pats zodis. ,,Synonym* lenta skirta susieti

zodzius kaip sinonimus. Toks susiejimas leidzia iSvengti duomeny dubliavimo, nes egzistuoja tik viena lenta

laikanti Zodzius. Sinonimy lentoje saugomas identifikatorius, ZodZio bei jo sinonimo identifikatoriai.

Concept Word Synonym
-D -0 -D
-PARENT_ID -WORD_TEXT :: -WORD_ID
-RELATED_WORD_ID -SYNONYM_ID
-NAME
-MAGE_NAME

Pav. 16 Duomeny bazés esybiu diagrama

4.7. Testavimas

Sistemos komponenty pavienés funkcijos buvo iStestuotos vienety testais, o grafiné vartotojo sgsaja

ir bendras sistemos veikimas testuotas integraciniais testais.

1.
2.
3.

Komponentai testuoti vienety testais:
Saugyklos paketas.
Vartotojo sagsajos paketas.
Dirbtinio intelekto paketas.

Bendram sistemos funkcionalumui patikrinti buvo naudojami integraciniai testai, kurie apjungé

tokius sistemos paketus:

4.

5.
6.
7
8

Saugyklos paketas.
Vartotojo sgsajos paketas.
Dirbtinio intelekto paketas.
Teksto redaktoriaus paketas.
Valdymo paketas.

Integravimo testavimo metu tikrinta kaip sistemos dalys bendradarbiauja: ar duomeny nuskaitymo

modulis gauna ir persiun¢ia duomenis i$ prietaiso. Kaip sgveikauja duomeny apdorojimo, klasifikavimo, ir

apmokymo paketai. Ar valdymo paketas iSkviecia reikiamas teksto redaktoriaus funkcijas. | valdymo paketa

buvo paduodamos uzklausos simuliuojanc¢ios vienos ar kitos valdymo komandos inicijavimg. Galiausiai

surinkus vartotojo sgsajos objektus jie buvo palyginami su lauktu rezultatu.
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Tam, kad izoliuoti testuojamus modulius nuo kity testavimo metu Salutiniy moduliai buvo pakeisti
netikrais (angl. mock) objektais, kurie leido grazinti pageidauting biiseng, bei stebéti | juos ateinancius

kvietimus ir duomenis.

5. Eksperimentine dalis

Siame skyriuje aprasomas atliktas konceptais gristos i§maniosios teksto jvedimo sistemos tyrimas

lyginant raSymo greitj su tradicine teksto jvedimo sgsajg. Taip pat pateikiami tyrimo rezultatai.

5.1. Tyrime naudoty teksto jvedimo sistemy aprasymas

Sistema, kurioje sukurta konceptais grista teksto ivedimo sgsaja yra ir tradiciné teksto jvedimo

sasaja. Siame poskyryje pateikiami abiejy tyrime naudoty sasajy apra§ymai.

5.1.1. Tradiciné teksto jvedimo sistema
Sistema turi dvi teksto jvedimo sasajas, viena i§ jy yra tradiciné simboliy matrica grjsta teksto

jvedimo sasaja. Sios sasajos grafinis vaizdas matomas Zemiau esanéiame paveiksle Pav. 17.
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Pav. 17 Tradicinés teksto jvedimo sasajos vaizdas

Pirmu numeriu (1) pazyméta signalo riby reguliavimo slankikliai. Jais reguliuojamos ribos ties
kuriomis fiksuojama jvedimo komanda. Sios ribos matomos antru numeriu (2) pazymétoje signaly
atvaizdavimo paneléje. Svarbiausia Sios sgsajos dalis yra tre¢iu numeriu (3) pazyméta simboliy matrica. I§
Sios matricos pasirinktas simbolis jraSomas j ketvirtu numeriu (4) pazyméta teksto atvaizdavimo panele.
Raudonai pazymétas stulpelis yra dabartinio pasirinkimo stulpelis. ISsirinkus konkrety stulpelj pradedama
iteruoti per to stulpelio simbolius — pazymint kiekvieng individualy simbolj raudonai. Pasirinkimo
7yméjimas juda greidiu kintandiu nuo 500 iki 1500 milisekundziy. Sis greitis kinta priklausomai nuo klaidy,

kurias atlicka vartotojas jvedinédamas zodj, skaiCiaus. Klaida laikomas jvesto simbolio iStrynimas arba
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pasirinkimo atSaukimas. Kuo maziau klaidy tuo greiciau juda pasirinkimas. Tai leidZia patyrusiam vartotojui
greiciau jvedinéti teksta.

Virsutinéje simboliy matricos eilutéje iSdéstytos zodyno ikonos. Pasirinkus bet kurig i§ Siy ikony
pereinama j penktu numeriu (5) pazyméta zodyno panele. Sioje paneléje iteruojama per labiausiai tinkamus
zodzius, iSrinktus pagal paskuting vartotojo jvestj. Pasirinktas norimas zodis jterpiamas ] teksto panele

vietoje pradéto vesti zodzio.

5.1.2. Konceptais grjsta teksto jvedimo sistema
Kita sistemos sasaja yra grista konceptais. Sios sasajos vartotojo sasajos vaizdas matomas

paveiksle Pav. 18.
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Pav. 18 Konceptai gristos teksto jvedimo sasajos vaizdas

Kaip ir tradicingje simboliy matrica grjsta teksto jvedimo sistemoje pirmu numeriu (1) pazyméti
veiksmy fiksavimo riby slankikliai. Antru numeriu (2) pazyméta signalo atvaizdavimo panelé. Treciu
numeriu (3) pazyméta panelé, kurioje yra koncepty matrica. Pasirinkimas vykdomas identiSkai tradicinei
teksto jvedimo sgsajai: pirma iSsirenkamas stulpelis, tada pasirenkamas konceptas. Jei konceptas turi
vaikiniy koncepty, tada pereinama lygiu gilyn, kur vél vykdomas pasirinkimas. Grizti | Sakninj lygj galima

su paveiksle Pav. 19 pavaizduotu konceptu.

Pav. 19 Grizimo j Sakninj lygi konceptas
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Issirinkus norima koncepta jis itraukiamas i ketvirtu numeriu (4) pazyméta raSymo panele. IS kur
jis gali biiti iStrintas jvykdzius atSaukimo komanda.

Penktuoju numeriu (5) pazymétoje vietoje yra teksto generavimo mygtukas. Nuspaudus §] mygtuka
pateikiamas langas su konceptus atitinkanciais Zodziais.

Sestuoju numeriu (6) pazyméta koncepty legenda — joje pateikiami $akninio lygio konceptai
apvesti atitinkamomis spalvomis. Pagal Sias spalvas galima nustatyti koks konceptas priklauso kuriam
Sakniniam konceptui.

Didzioji dalis koncepty ikony paimtos i§ ,,The Noun Project (http://thenounproject.com/)

svetainés, o likusios sukurtos pasinaudojant pieSimo programa GIMP.

Kiekvienas konceptas gali turéti vaikiniy koncepty. Naujai kuriamas konceptas priskiriamas tam
tikram téviniam konceptui. Taip galima nesunkiai plésti koncepty medj. Medzio gylis néra ribojamas todél
galima jtraukti vis konkretesnius konceptus. Tyrime naudota koncepty medzio struktiira pateikta Zemiau

esanciame paveiksle Pav. 20.

Sakninis lygis
4 @)2]

[ e][2][s] (2] ClmiEE &[a]LS
P EYE RS e [fEE sees RO
Emocijos Vietos  Veiksmai Laikas Obiektai IE Spec. simboliai
Iﬂm Kiino dalys
Bendravimas E

Medicinos objektai

Pav. 20 Koncepty medZio struktiira

5.2. Eksperimento rezultatai

Siame poskyryje pateikiami su abejomis sasajomis atlikty eksperimenty apraymai bei rezultatai.

5.2.1. Eksperimentas su tradicine teksto jvedimo sgsaja
Eksperimentas buvo atliktas su 5 asmenimis i§ kuriy trys buvo vyrai. Dalyviy amzius nuo 24 iki 54

mety (vidurkis 33 m.). Eksperimente dalyvave asmenys neturi jokiy neurologiniy sveikatos sutrikimy,
nevartoja vaisty ir turi normalig arba pakoreguota (neSioja akinius) regg. Dalyviai daveé sutikimg atlikti
eksperimenta.

Fiziologiniai signalai (elektromiograma) i$ subjekty buvo surenkami OCZ NIA aparatu. Vartotojo
sasaja buvo pateikta 13.3 coliy jstrizainés TFT LCD ekrane, kurio rezoliucija 1360 * 768 pikseliai ir

atnaujinimo daznis — 60 Hz. Subjektai buvo pasodinti prie stalo. Kompiuterio ekranas buvo stalo viduryje ir
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apytiksliai 100 cm atstumu nuo subjekto. Kiekvieno simbolio dydis buvo 1.5 * 1.5 cm ir visa teksto jvedimo
matrica buvo 9.5 * 13 cm dydzio.

Eksperimento dalyviams buvo duotos jvesti trys teksto pastraipos. Dalyviai turé¢jo suvesti Sias
pastraipas pasinaudodami teksto jvedimo sgsaja. Visas tekstas buvo pateiktas lietuviy kalba. Pirma pastraipa
sudaryta i§ 126 simboliy ir atitinka kasdieniame bendravime naudojamg kalba. Antroje pastraipoje yra 111
simboliy. Sioje pastraipoje pateikiamas mokslinis tekstas. Tregiojoje pastraipoje yra 120 simboliy, o joje
esantis tekstas yra mokslinis su matematinémis lygtimis. Kiekvienas eksperimentas buvo kartotas 4 kartus.
Eksperimenty metu buvo fiksuojamas vidutinis tikslumas, jvedimo greitis ir bity perdavimo sparta.

Teksto jvedimo sgsaja gali biiti jvertinta apskaiCiuojant jvedimo tiksluma, bity perdavimo bei
jvedimo grei¢io metrikas. Ivedimo tikslumo procentas paskai¢iuojamas jvertinant tiksliai atlikty ir i§ viso
atlikty komandy kiekius.

Bity perdavimo greitis apibuidina kiek informacijos perduodama per laiko perioda. Ivedimo grei¢io
metrika parodo vidutinj laika, kurio reikia norint jvesti teksta. Eksperimento rezultatai pateikti Zemiau
esancioje lenteléje (Lentelé 4).

Lentelé 4 Tradicinés teksto jvedimo sasajos eksperimento rezultatai

Metrika Vidutiné Auksc¢iausia
reik§mé reik§mé

BAZINIAI NUSTATYMAI

Tikslumas 96.29 98.25

Bity perdavimo sparta 34.78 41.83

Ivedimo greitis 6.37 7.57

PRISITAIKANTIS PASIRINKIMO GREITIS

Tikslumas 88.61 93.64

Bity perdavimo sparta 42.53 49.79

Ivedimo greitis 8.19 9.60

Su ZODYNU

Tikslumas 92.65 96.06

Bity perdavimo sparta 43.55 49.26

Ivedimo greitis 8.22 9.35

SU PRISITAIKANCIU PASIRINKIMO GREICIU IR ZODYNU

Tikslumas 89.16 92.53

Bity perdavimo sparta 58.69 65.53

Ivedimo greitis 11.35 12.42
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Zemiau esan¢iame paveiksle (Pav. 21) pateikiamas eksperimento metu apskaiGiuotos vidutinio

tikslumo metrikos grafikas.

Tikslumas, %
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Pav. 21 Tradicinés sgsajos tikslumas
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Pav. 22 Tradicinés sgsajos bity perdavimo greitis
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Paveiksle, Pav. 23, matomi jvedimo greicio jvertinimai prie atitinkamy teksto jvedimo sgsajos

nustatymuy.
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L . Prisitaikantis > Prisitaikantis
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pasirinkimo greitis pasirinkimo greitis ir
Zodynas

Pav. 23 Tradicinés sasajos jvedimo greitis

5.2.2. Eksperimentas su konceptais grjsta teksto jvedimo sasaja
Eksperimentas su konceptais grista teksto jvedimo sgsaja buvo atliktas tomis paciomis

aplinkybémis kaip ir su tradicine teksto jvedimo sgsaja. Eksperimente dalyvavo du vyriskosios lyties
subjektai, kuriy amzius 24 m. ir 28 m. atitinkamai. Dalyviams buvo pateiktas tekstas sudarytas i§ 196
simboliy. Tekstas buvo sudarytas toks, kad atspindéty kasdieningje vartotojo kalboje pasitaikancias

pagrindiniy poreikiy formuluotes. Paveiksle Pav. 24 pateikta galima koncepty formuluoté. Sis pavyzdys

&‘@‘D‘h

Pav. 24 Koncepty formuluotés pavyzdys

reiskia ,,AS nenoriu valgyti®.
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Eksperimento metu buvo registruojamas jvedimo greitis. Zemiau esandiame paveiksle (Pav. 25)

pateiktas konceptais gristos teksto jvedimo sgsajos jvedimo greitis.

30

25

20

15

# Raidés

H Konceptai
10 -

Jvedimo greitis, sim/min

Tekstiné sgsaja Koncepty s3saja

Pav. 25 Konceptais gristos sasajos jvedimo greitis

Sioje diagramoje (Pav. 25) pateikiamos dvi metrikos: koncepty jvedimo greitis (teisingai jvesty
koncepty kiekis per laiko perioda) ir jvedimo greitis simboliy, kurias reikéty jvesti per laiko perioda norint
perteikti ta pacig Zinutg, kaip ir konceptais. IS diagramos matome, kad koncepty jvedimo greitis - 4,31
konceptai/min atitinka 26,03 sim/min. Naudojantis tradicine simboliy matrica grjsta teksto jvedimo sgsaja
buvo pasiektas tik 11,35 sim/min jvedimo greitis (Pav. 23 Tradicinés sasajos jvedimo greitis). Taigi matome

vir§ dviejy karty didesnj jvedimo greitj konceptais gristoje teksto jvedimo sasajoje.

32



[1]

[2]

[3]

ISvados

. Atlikta problemos sprendimo pasaulyje analizé leido nustatyti panaSiy teksto jvedimo sgsajy

jvertinimo metrikas: informacijos perdavimo greitis bei simboliy jvedimo greitis. Sios metrikos
panaudotos vertinant sukurtajg konceptais grjsta teksto jvedimo sasaja.

Sukurta vizualiné kalba — konceptai, leidZianti vartotojui perteikti savo mintis ikonomis. Konceptali
sugrupuoti j logines grupes (Emocijos, daiktai, kiino dalys), kurios suteikia vartotojui i$ paprasty
koncepty sudaryti sudétingas frazes. Fraziy pavyzdziai pateikti — Lentelé 3 Pavyzdinés vizualinés

kalbos frazeés.

. Konceptais grjsta teksto jvedimo sgsaja suteikia galimybe atsiriboti nuo kalbos, nes ikonos yra

kuriamos, kad biity atpazjstamos daugumos Zmoniy.

. Atliktas eksperimentas su tradicine simboliy matrica grista teksto jvedimo sasaja bei konceptais

grista teksto jvedimo sgsaja.

. Abi sgsajos palygintos pagal simboliy jvedimo grei¢io metrikg, nes buvo tiriama kaip konceptai

itakoja teksto jvedimo greitj.

. Pastebéta, kad konceptai leido pasiekti vir§ dviejy karty (2,3) didesnj ivedimo greitj, lyginant su

simboliy matrica grista teksto jvedamo sgsaja. Taip yra todél, nes konceptai gali perteikti platesng
prasme¢ nei konkretus zodis. Pavyzdziui konceptas reprezentuojantis objekta — laikrodj papildytas
konceptu reprezentuojanciu klaustuko simbolj, atitiks sakinj ,,Kiek dabar valandy?*. Taip dviem

konceptais reprezentuojamas 19 simboliy tekstas.
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Terminy ir santrumpy zodynas

NCI — nervy — kompiuterio sasaja (angl. Neural computer interface).
BCI — smegeny — kompiuterio sgsaja (angl. Brain — computer interface).
HBCI — hibridiné smegeny-kompiuterio sasaja (angl. Hybrid Brain-computer interface).

Elektroencefalograma — tai smegeny zievés elektrinio aktyvumas, kuris gali atvaizduoti jvairias

sagmonés biisenas bei akiy judesius ar raumeny jtempima.

Elektrokardiograma — tai Sirdies veiklos diagrama.

Elektromiograma — tai raumeny elektrinio aktyvumo diagrama.

Elektroneurograma — tai elektros impulso sklidimo greicio nervy skaidulomis diagrama.

ERP — su jvykiais susijes potencialas (angl. Event-related potential).

Okulografija — akiy judesiy signalai.

NIA — (angl. Neural Impulse Actuator) — OCZ firmos gaminamas nervinius registruojantis

prietaisas.
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9. Priedai

Lentelé 5 Konceptai ir ju reikSmés

Konceptas

Reik§mé

g

Konceptas apibendrinantis emocijy konceptus.

Dziugesys. Linksmumas. Laimé.

"
v
Nepasitenkinimas. Litidesys.
"
P
Nuostaba.
"

Skausmas. Galvos skausmas.

*f.

Saltis.

&

Siluma. Karstis. Auksta temperatiira.

Konceptas apibendrinantis vietos konceptus.

Namai. Pastatas. Gyvenamoji vieta.

Ligoniné ar vieta, kurioje teikiama medicininé
pagalba.

5.5 3 o

Konceptas apibendrinantis veiksmus.

—
—_
—

=5
==

Konceptas apibiidinantis bendravimga.

a0

Skambinti. Kviesti.
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Konceptas reiSkiantis pagalba.

Skaityti. Skaitymas.

Konceptas reiskiantis kasymo veiksma.

@ Konceptas apibendrinantis laikg.

“ Siandien.

! Rytoj. Ateitj.

| Vakar. Praeitj.

. Konceptas apibendrinantis daiktus.

Maistas.

Konceptas apibendrinantis su medicina
% susijusius daiktus.

Greitoji medicinos pagalba.

&

Medikamentai.

Knyga.




Stikliné vandens. Gérimas.

[k =

5
o

Televizorius.

Konceptas apibendrinantis zmogaus ktino dalis.

Ranka. Rankos.

Nugara.

Galva.

Sirdis. Sirdies plotas.

Koja. Kojos.

Plaudiai.

Skrandis. Pilvas. Plotas aplink pilva.

Asmuo. AS.

leL SN & »

Daktaras ar su medicina susijgs asmuo.

Konceptas grupuojantis pagalbinius konceptus.

Rodymas kairén. Kreipimasis j kitg
asmenj/save.
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Rodymas deSinén. Kreipimasis j kitg
asmenj/save.

Draudimas, neigimas.

N Q b

Konceptas reiskiantis klausima.

Konceptas atitinkantis tarpg ar sakinio pabaiga.
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9.1. Straipsniai

9.1.1. Evaluation of user fatigue in neural computer interface system

Evaluation of User Fatigue in Neural Computer
Interface System

M. Vasiljevas®, I. Martigius?, T. Sumskas®
1Software Engineering Department,
Computer Science Department,

Kaunas University of Technology,

Studentu 50, Kaunas Lithuania
Email: mindaugas.vasiljevas@ktu.lt

Abstract— The paper analyses analytical models of fatigue and
their applicability to Physiological Computing Systems (PCS). For
evaluation of fatigue we use a neural interface system (NIS) as an
example of PCS for controlling an external physical entity (a
robot) using EMG (electromyography) signals. We use the system
to evaluate the state and performance of the users in performing
control operation as well as to analyse dynamical changes of
user’s state (such as induced by fatigue) over time. The results
suggest validity of classical model of muscle fatigue suggested by
Banister et al.

Keywords— physiological computing, neural interface, EMG,
fatigue.

1. INTRODUCTION

Physiological computing systems (PCS) use physiological
data of its users as input for performing computational tasks
[1]. Data is collected using physiological data sensors (e.g.,
electroencephalography (EEG), electrooculography (EOG),
electromyography (EMG), etc.) attached to the user’s body.
Sensors directly measure signals triggered by the events
occurring within the human body. Such input represents an
additional channel of communication [2] between a user and a
computer that allows a PCS to monitor, detect and respond
appropriately to the physical, emotional and cognitive
modalities of its users.

Since a PCS monitors the user’s state, it creates a bio-
cybernetic feedback loop [3] that allows to produce a more
accurate representation of the user’s context using information
received from sensors attached to the human body. Such loop
represents an innovative mode of human-computer interaction
(HCI) where interaction is achieved by observing, analysing
and responding to psychophysiological activity of a user [4].
The increase of the number of HCI modes beyond common
audio, video, mechanical and tactile ones [1] promises
extended capabilities of using computers for disabled users [5],
as well as increasing engagement and immersion of common
computer users (e.g., in computer games [6]), and increasing
general intelligence of computer systems in smart
environments such as Internet-of-Things.

However, the conscious use of PCS is hindered by many
factors such as availability of low-cost high-quality sensors and

the need to develop more effective physiological signal
processing and user state detection algorithms as well as steep
learning curve for using PCS. One of the factors often
neglected is fatigue (both mental and muscular one) which
reduces accuracy and information transfer rate of the PCS
communication channel and leads to input errors.

Fatigue is a gradually increasing subjective feeling of
tiredness of a subject under load. Fatigue can have physical or
mental causes. Physical fatigue is the inability of a muscle to
maintain optimal physical performance [7]. Mental fatigue is a
decrease in maximal cognitive performance resulting from
prolonged periods of cognitive activity [8]. Mental fatigue
leads to deterioration of cognitive functions as due to
deterioration of cognitive functions user responses become
slower and more error prone [9]. The result of fatigue is
decreased productivity of using a PCS as well as critical errors
in worst cases. Despite the importance of the fatigue factor
there is little research of how to detect, measure and use it as
factor for adapting the behaviour of a PCS.

In this paper we analyse analytical models of fatigue and
their applicability to Physiological Computing Systems (PCS).
For evaluation of fatigue we use a neural interface system
(NIS) for robot driving control as an example of PCS that uses
EMG as input. We use the system to evaluate the state and
performance of the users in performing control operation as
well as to research dynamical changes of the user’s state (such
as induced by fatigue) over time.

The structure of the remaining parts of the paper is as
follows. In Section Il we analyse the mathematical (analytical)
models of fatigue. In Section Il we describe the developed
NIS system and the methodology of measurement. In Section
IV we describe and discuss the experimental results. Finally in
Section V we present conclusions and discuss future work.

2. OVERVIEW OF ANALYTICAL MUSCLE FATIGUE MODELS

Mathematical and analytical models provide a method for
describing and predicting the effect of mental and muscular
load on the performance characteristics of a human [10].
Analysing physical performance data one can identify and
quantify different effects of loads such as increased
performance (fitness or learning) and decreased performance
(fatigue). Such models have been extensively researched in
sports medicine [11], [12] as well as in applied physiology
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[13], [14]. Consequently, there are two research streams: one is
analysing the fitness and fatigue models affecting the sport
performance of athletes [11-14], while another one aims to
model the muscular response to stress.

The Banister model [11] and its various elaborations [12-14]
is aimed to relate training loads to performance, taking into
account the dynamic and temporal characteristics of load
sequences over time. These effects can be described by two
transfer functions: 1) a positive influence (i.e., muscular
learning or fitness) that sums up all positive effects leading to
an increase in performance, and 2) a negative function that
summarizes effects leading to fatigue and having a negative
influence on performance. The transfer function is as follows:

t-1 t-1
_ ~(t-s)/t, —(t=s)/t
P = p0+kaze Ws_kfze st
s=0 s=0

(1)

where p, is the modelled performance at time t; p, is the
initial performance level; k, and k, are the fitness and fatigue
magnitude factor, respectively; z, and z, are the fitness and

fatigue decay time constant, respectively; and w, is the known
training load per week (or day) from the first week of training
to the week (or day) preceding the performance.

Calvert et al. [12] have proposed a model to quantify the
training and performance relationship of a swimmer. The
model was derived by fitting a mathematical equation and
examining its parameters. A single training impulse elicited
two fitness responses that increase performance, and a fatigue
response that decreases performance. The final form of the
Calvert’s model was presented as follows:

—t —t —t

p(t)= {e’l e - Ke’a}w(t)

)
where w(t) is the training impulse, p(t) is performance, r,
and 7, are the time constants associated with the two fitness

functions and 7, is the time constant associated with fatigue,

and K is the fatigue coefficient specific to the individual, and
t is the day of the training impulse.

Morton et al. [13] simplified the Calvert’s model (Eq. 2) to
two components (one for fitness and one for fatigue) because
the second fitness component was not statistically supported.
The Morton’s model is as follows:

—t —t

p(t)= {eﬁ - Ke@}w(t)
3)

Busso et al. [14] defined how fitness and fatigue are affected

by a training input as follows:
-1

g(t)=g(t-1)e" +W(t)’
-1
h(t)=h(t-1)e® +w(t)

4)
where g(t) and h(t) are arbitrary fitness and fatigue response
levels at the end of day t, and 7, and 7, are decay constants
of each input.

Eq. (4) were then combined to form a simple linear
difference equation

p(t)=kg(t)~kh(t)

(%)
where k;, and k, are weighting factors for fitness and fatigue,
respectively.

Summarizing, the fatigue models discussed here are based
on the exponential decay function that is widely used to
describe natural phenomena such as heat transfer between the
object and its medium, rate of enzyme-catalysed chemical
reactions, fluid dynamics, metabolization of drugs in patients.
These examples provide a logical foundation for application of
exponential decay function for fatigue modelling. However the
fatigue models also have been criticized for imprecision and
low accuracy due to variability of their parameters [15].
Furthermore, the models also need verification in the context of
physiological computing, where signals of human body are
usually registered under normal conditional rather than
considerable strain. Also the problem of mental fatigue is
usually ignored, though over time it leads to decrease of
performance in PCS.

3. EXPERIMENTAL NEURAL INTERFACE SYSTEM

We use the NIS (first described in [16]) that has these
components (see Fig. 1):

— Data Acquisition Module — reads the neural data from
the sensors via USB;

— Data Processing Module — processes data from Data
Acquisition Module for noise removal and feature
identification;

— Training Module — produces a classification model for
identification of mental states;

— Classification Module — identifies mental states in the
data using a classification model; and

— Device Control Module — maps mental states to control
commands and sends them to an external device.

NIS System
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Fig. 1. Components of the Neural Interface System (NIS) [16]

The Data Acquisition Module is implemented to receive data
from the OCZ Neural Impulse Actuator (NIA) (see Fig. 2). The
NIA is a NIS device that has 3 sensors and uses a USB
connector to connect to a computer. The NIA captures three
types of signal from the brain and forehead: EEG data (the
neuronal discharges in the brain), EOG data (positional
differential between the front of retina and the retinal
pigmented epithelium which changes relative to the eye
orientation), and EMG data (neuro-muscular signals along with
electrical discharges resulting from depolarization of the
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muscle cells). The data is wrapped in packets and delivered via
USB. Raw data is provided unprocessed, so we use our own
methods to map mental states to control commands.

Fig. 2. Neural signal registration using OCZ NIA device

The aim of the training module is to capture the individual
characteristics of the neural signals of the subject, who uses the
data. The component manages the training session, which
consists of flashing symbols shown on the screen while the
neural data received from the data acquisition module is
analysed and the training dataset is constructed. Each symbol
represents a specific control command of an external robotic
device such as “Move forward” or “Move right”. The control
command is then encoded as a class of data, while the data
received during visual presentation of the command (i.e.,
neural feedback) is saved as the features of the class.

For externally controlled physical entity we use the Arduino
4WD Mobile Platform provides a 4 wheel drive system
complete with ATmega328 microcontroller board and 4 DC
Motors. The platform can be connected to a computer with a
USB cable or powered using the AC-to-DC adapter or battery.
It has four degrees of freedom (forward, backward, left, right).

4. EXPERIMENT

The experiments we performed with 5 healthy subjects aged
between 20 and 30 years. For each person a list of 120 task was
generated randomly. The task list included 40 tasks to issue the
commands ,left, ,right“ and ,forward“, respectively. The
subjects were instructed to issue commands as follows: “left* —
to blink with left eye, ,right“ — to blink with right eye,
forward“ — to stress the forehead muscles. The command
,»Stop“ was not generated and registered during the experiment
because it is executed when a subject is in complete standstill
(without straining facial muscles). This condition is natural for
most persons and requires no effort, i.e., it does not lead to
muscular fatigue. All commands were distributed randomly on
a task list. For each task execution 5 seconds were allocated.
As subject initiates the given command, another person (the
observer) observed whether the behaviour of the robot
corresponds to the command issued by the subject and the
results registered. Each experiment was repeated 5 times with a
30 min break for resting. The results of the experiment were
used to calculate the accuracy of robot control using the
following formula:

n—f

A= ,
n

(6)

here A — is the accuracy of control, n — is the number of tasks,
and f — is the number of incorrectly executed commands.

The results of the experiments are presented in graphically in
Fig 3.
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Fig. 3. Accuracy results for robot control commands

To model user fatigue during the robot control experiment,
we assume that control accuracy follows the classical
exponential decay model with two components: the positive
one is corresponding to learning (training), and the negative
one is corresponding to user fatigue (as defined in the Banister
et al. [11] model). We can see from the Fig. 3 that the trend of
classification accuracy corresponds to our fatigue model.
Accuracy first increases due to user learning processes, but
finally starts to decrease due to user fatigue.

The proposed model used to fit experimental data is as
follows:

A(t) — A] +/’L_e*t/71 _(p.eft/rz ,

(7)

here A(t) is accuracy, A(t) is base accuracy, A is learning
parameter, ¢ is fatigue parameter, t is time, r,and z,are

decay parameters for learning and fatigue respectively.

The results of fitting are presented graphically with 0.95
confidence intervals in Fig. 4. Note that base accuracy is
modelled as random accuracy (A =0.5) att = -1 as well as at a
final time period t = -10.

We assume that at first, the user can not issue correct control
commands because he/she has not been trained yet. Finally, the
user is also unable to issue correct control commands due to
extreme fatigue.
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Fig. 4. Results of data fitting (accuracy vs. time periods)
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5. CONCLUSION

Our initial experiments with evaluating user fatigue when a
subject is working with the experimental Neural Computer
Interface (NCI) system suggest that the classical model of
Banister et al., first suggested to evaluate performance of
sport’s athletes, is applicable to the domain of physiological
computing as well. We have analysed the accuracy of tasks
performed in controlling an external robotic device using the
EMG-based NCI system. While initial effort leads to
improvement of task performance (the learning effect), more
prolonged user effort leads to fatigue, both mental and
muscular, because forehead muscles are used for control.
Experimental data was fitted to the proposed user fatigue
model adapted from Banister et al. The proposed model has
been shown to be valid with 0.95 confidence.

Further research is needed in analysing long-term effects of
fatigue which may not be covered by the presented experiment.
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Abstract

Physiological computing is a paradigm of computing that uses physiological data of users as input during computing tasks in an
Ambient Assisted Living (AAL) environment. By monitoring, analyzing and responding to such inputs, Physiological Computing
Systems (PCS) are able to respond to the cognitive, emotional and physical states of users. 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
communication pathway between the user and a computer. We present taxonomy of speller application parameters, propose a
model of PCS, and describe the development of the EMG-based speller as a benchmark application. We analyze and develop an
EMG-based speller application with a traditional letter-based as well as visual concept-based interface. Finally, we evaluate the
performance and usability of the developed speller using empirical (accuracy, information transfer speed, input speed) metrics.

Keywords: Physiologic computing, NCI, EMG, speller, user interface.

Resumen

La computacion fisiologica es un paradigma de la computacion que usa los datos de los usuarios como entradas durante las tareas
computacionales en un Ambiente de vida cotidiana soportado por computadores (AAL). Monitoreando, analizando y respondiendo
a dichas entradas, los Sistemas de Computacion Fisioldgica pueden responder al estado cognitivo, emocional y fisico de los
usuarios. Un caso particular es el de la interface de Computacién Neuronal (NCI), que usa sefiales eléctricas para manejar la
actividad muscular del usuario establecioendo una comunicacion directa entre el usuario y el computador. Se presenta una
taxonomia de parametros de aplicacion de deletreo, proponiendo un modelo de PCS y describiendo el desarrollo de un deletreador
basado en EMG. Se analiza y desarrolla una aplicacion con un sistema basado en letras tradicionales y una interfaz visual.
Finalmente, se evalua el desempefio y usabilidad del sistema desarrollado.

Keywords: Computacion fisiologica, NCI, EMG, deletreador, interfaz de usuario.
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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]. Such limitations raise barriers for people with major
or minor disabilities such as elderly people with motor
impairments. Considering predictions of the demographic
changes in society and the need to improve the quality of daily
life for humans in different periods of their life, new concepts
and methods of human-computer interaction (such as Ambient
Assisted Living (AAL) [2] systems) must be researched that
efficiently address the accessibility problems in human
interaction with software applications and services while
meeting the individual requirements of the users in general,
including disabled and elderly people.

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 (PCS) are able to
monitor 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), etc. The state of a user is captured
using sensors attached to the body, and could be used for
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 engagement, or incorporating
an emotional display element into the user interface [4].

Specific cases of PCS are neural computer interface (NCI)
and brain computer interface (BCI). BCI uses brain activity
(EEG) 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. NCI is similar
to BCI in methods used as well as in applications, however it
uses the surface EMG signals to establish an interface between
human peripheral neural system and computers by recording
electrical signals governing muscular movements of a subject.

A speller is a typical example of PCS, which is a benchmark
application for BCI and NCI methods [5]. The speller aims to
help persons unable to activate muscles traditionally used in
communication (hands, tongue) to spell words by utilizing their
neural activity. Usually, spellers use signal amplitude
information, however, integrating it with signal preprocessing
methods such as noise reduction methods (e.g., shrinking
functions [6], nonlinear filter operators [7]), and user intent
prediction techniques can improve the results [8]. Due to the
noise present in the physiological signals, the detection of
control signals requires using efficient digital signal processing
techniques [9, 10, 11]. Furthermore, the requirements for real-
time systems prohibit the use of highly complex computations
and demand the result to be delivered just in time to be used by
the user [12].

In this paper, we continue our previous work [13, 14] and
describe a model of PCS for EMG-based applications, analyze
the requirements for developing interfaces for impaired users
and visual interfaces of known speller applications, and
describe the development of an EMG speller as a typical
benchmark application.

2 Analysis of requirements for speller applications

The requirements for speller application can be categorized
at different levels depending upon the physical abilities of its
users [15]: 1) Users with no physical disability, who may use
NCI for entertainment or other conditions where physical
movement is restricted. 2) Users with minor impairments (such
as older persons). 3) Users with severe physical disabilities,
who may wish to use NCI as a secondary input. 4) Users who
have limited muscle control and may need to use NCI as a
method for communication. First, the speller must follow
general requirements for smart systems to be integrated into the
AAL environments. Next, the specific requirements for
impaired users must be followed. Impaired users need
assistance such as automatic learning of user’s behavior to
estimate his/her current needs. Humans often make mistakes in
interacting with machines, so for any human-operated system
user interfaces should be designed such that prevent errors
whenever possible; deactivate invalid commands; make errors
easy to detect and show users what they have done; and allow
undoes, reverse, correct errors easily [16]. For smart systems,
the following principles (also called “operational modes”) of
Humanistic Intelligence Framework [17] must be satisfied:

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

According to Lopes [18], user interface for persons with
disabilities must: support user variability allowing to provide
the means to adapt to user-specific requirements; support of a
wide range of input devices and output modes; provide minimal
user interface design; promote interaction and retain user
attention on the tasks; and provide strong feedback mechanisms
that may provide rewarding schemes for correct behavior
(results). The requirements for interfaces for impaired users can
be formulated as follows [2]: 1) Limited access to details:
complex and vital details of the system have to be hidden to
avoid user overwhelming and trapping. 2) Self-learning:
detected common patterns in the behavior of the user should be
used to automatically create rules or shortcuts that speed and
ease up the use of the system. 3) System interruption: Impaired
users have in most cases no idea how the system is working,
therefore easy cancellation of system’s activities must be
ensured.

3 Overview of speller systems and interfaces

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 automatic
correction of misspellings.

The speller implementations can be characterized by:

Type of data: EEG [19], EMG [20], ECoG [8], EOG [21].



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 [22], 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 [23].

Modality: Auditory: the rows and columns of the letter
matrix are represented by different sounds, such as spoken
numbers [24] or environmental sounds. 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 [25].

Interface:

Single character (orLinear) speller: all letters are shown
and each letter is flashed individually until letter selection is
done [26].

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
[27]. Different matrix sizes can be used, e.g., a 6x6 matrix
containing all 26 letters of the alphabet and 10 digits (0-9), or
even a full QWERTY keyboard [23].

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
[28].

Chekerboard Speller [29]: the 8x9 matrix is virtually
superimposed on a checkerboard, 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. The items in the
first matrix) randomly populate the white or black matrices, and
the users see random groups of six items flashing (as opposed
to rows and columns in Matrix Speller). Such layout controls
for adjacency-distraction errors, because the adjacent items
cannot be included in the same flash group.

Hex-0-Spell: 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. First, the
circle with the desired group of letters is selected. Second,
letters are redistributed over the circles and the target letter is
selected [30].

Frequency-based layout accounts for the relative frequency
of character occurrence in a language [31]. It has a virtual
keyboard with 32 symbols surrounded by five boxes flickering
at different frequencies. These boxes correspond to commands
for navigating the cursor, 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 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.

Stimulus type: the way each individual character changes
(e.g., flashing, color change, etc.). 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 [32].

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): includes all letters of the
alphabet as well as some 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 [33], word autocomplete,
spelling correction or word prediction.

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.

4 Model of a physiological computing system

The model of physiological computing system (PCS)
proposed in this paper is based on the “operational modes” of
the Humanistic Intelligence Framework [17]:

1) Constancy: PCS should operate continuously to read
signals from human and 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 (fatigue, information overload) as well as
to increase positive effects (e.g., user satisfaction) by
amplifying or enhancing desired inputs.

The proposed model is summarized in Figure 1 and has
three levels of information processing.

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 systems.
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Figure 1. Model of physiological computing system. Source: The authors.

5 Development of EMG speller

5.1Components and architecture

A NCI system generally comprises the following components: (1) a device that records the muscular activity signals; (2) a
signal preprocessor that reduces noise and artifacts; (3) a decoder that classifies the de-noised signal into a control commands for
(4) an external device or application (e.g., a robotic actuator, a computer program etc.), which provides feedback to the user [34].

Our speller application has three layers as follows: 1) on the lowest layer, 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 layer, 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 layer, decisions are processed and used to generate control commands for external applications (systems).

Architecture of the speller consists of 6 main components: MainReader — system module responsible for control of data reader
which is selected to use.ReaderAPI — 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. 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.

5.2 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 2). 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. The signal view of EMG, while spelling the word “hello”, is presented in Figure 2. In Figure 2 (left), the word “hello” is
spelled without mistakes. In Figure (right), the spelling contains has a few mistakes. For correction of those mistakes cancellation
commands must be performed. The spikes indicate the “select” command. One trial (selection of one character) contains two



positive signal spikes, the first spike is for column selection, the second for letter selection in the corresponding column.
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Figure 2. Signal view of spelling word “hello”. Left: no spelling mistakes were made while three characters (“hel”) selected from
symbol matrix. Right: two spelling mistakes were made, and after each wrong selection cancellation command was performed.
In both cases, dictionary selection was made to complete the word. Source: The authors.

5.3 Traditional speller interface

The developed EMG speller has two different user interfaces. One is traditional matrix-based speller interface presented in
Figure 3a. Another one is a novel concept-based interface presented in Figure 3b. 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 thus common used words are at the top of the dictionary, thus the dictionary adapts to the user.
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Figure 3.Interfaces of EMG speller: a) traditional, and b) visual concept based. Source: The authors.
5.4 Visual concept-based speller interface

We also have implemented a completely different interface of the EMG speller. Traditional spellers use common letters of an
alphabet rearranged in different layouts. We have implemented a visual concept based interface that is based on graphical symbols
(graphemes) of a visual communication language. Visual language is a form of communication that uses visual elements as
opposed to a formal written (textual) language to convey meaning or an idea. Visual language uses pictograms or ideograms to
signify the concepts that are communicated. Pictograms are pictures that resemble what they signify, and represent a concept,
object, activity, place or event by graphical illustration. An ideogram is a graphical symbol that represents an idea, rather than a
group of letters arranged according to the phonemes and grammar of a spoken language, as is done in textual languages.

Visual symbols form part of our daily lives through their use in medication, transport, computers, etc., because they indicate in
a concise and easily understandable form places, directions, actions or constraints on actions in either the real world or virtual
space. Thus, visual symbols can be used in a number of situations in which textual messages are not possible or adequate due to
context or user based constraints. The development of software for people with impaired cognitive or motor capabilities requires
by the developers to take into account the high-level cognitive processes and mental models of a solution of a domain-specific
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problem (such as expressing basing needs of an impaired user), which may contribute to the ease of use of the developed
application by its potential users.

While textual (letter-based) languages are good for expressing all kinds of human communication, they require many typing
effort for human-computer communication, which for specific groups of users such as users with impaired motor capabilities may
be a tiresome burden. A visual concept-based language allows to express high-level concepts succinctly using a notation tailored
to a set of specific user problems. Such languages could be tailored towards a specific domain, and could be based only on the
relevant concepts and features of that domain. Therefore, visual languages can be considered as a medium of communication that
allows to bridge the gap between the mental models of users and the domain systems and, consequently, to cut the distance (both
in terms of effort required and speed of communication) between communicating parties in AAL applications.

A snapshot of the developed visual concept-based interface of the EMG speller is given in Figure 3b. The interface is
organized using a hierarchical structure. It consists of symbol matrixes connected with each other by references. Each reference is
represented as an icon of particular domain. Currently, we have included visual symbols from 8 main concept domains: emotion
domain, location domain, action domain, time domain, object domain, body part domain, person domain and special symbol
domain. Most of visual icons we use are adopted from The Noun Project (http://thenounproject.com/), while the remaining ones
are custom-built. Each domain matrix as well as the root matrix can be extended easily by adding new icons (concepts) to the
particular domain matrixes. Also each icon (concept) could contain a reference to the specific subdomain matrix. The taxonomical
tree of concept matrixes is summarized in Figure 4.
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Figure 4.The tree of concept matrixes.Source: The authors.
The meaning of visual concepts is presented in Table 1.
Table 1.
Meaning of visual symbols. Source: The authors.

E Return sign brings back cursor to the
root matrix.
____ Emotions/feelings:
L Happy
" Sad
e | Amazed
L Pain
Cold
* Hot/warm
Location (current location):
& Hospital
# Home/house
Actions:
E To read a book
§ To ineract:
] m | To call
 § To scratch
(8 To help
[e] Time:
‘ Past
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6 Experimental results

6.1 Experiment with text-based interface

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 LCD 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 during the symbol selection process. Bit rate (or
information transfer rate) indicates how much information can be communicated per time unit (calculated using the Wolpaw’s
formula [35]). Finally, input speed is measured as the average time required to enter a set of benchmark texts.

The experimental results are presented in Table 2 and Figures 5, 6 & 7. Our results are comparable with the results achieved by
other authors.
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Accuracy values of the BCI/NCI spellers achieved by other authors (Table 2) are within 80-95% range (82.77% using ECoG
[8], 87.58% using SSVEP-based BCI [24], 87.8% for EOG-based speller [21], 91.80% [36], 94.8% for RV SP based speller [32]).
The information transfer rate (aka bit rate) of the BCI/NCl-based speller applications achieved by other authors are within 7-41

bits/min (7.43 bits/min [37], 17.13 bits/min [38], 19.18 bits/min [36], 11.58-37.57 bits/min [39], 40.72 using SSVEP based BCI

[23], 41.02 using ECoG [8]).
The symbol input speed of the BCI/NCI-based speller applications achieved by other authors are within 1-12 CPM (1.43 CPM

for RSVP based speller [32], 4.33 CPM [36], 4.91 CPM [39], 9.39 CPM using SSVEP based BCI [23], 12.75 CPM [40]).

Table 2.

Evaluation of speller application.Source: The authors.

Quantitative metric | Average Peak value
Value
BASIC SETTINGS
Accuracy 96.29 98.25
Information transfer 34.78 41.83
rate
Input speed 6.37 7.57
ADAPTABLE STIMULUS RATE
Accuracy 88.61 93.64
Information transfer 42.53 49.79
rate
Input speed 8.19 9.60
WITH DICTIONARY
Accuracy 92.65 96.06
Information transfer 43.55 49.26
rate
Input speed 8.22 9.35
WITH ADAPTABLE STIMULUS RATE AND DICTIONARY
Accuracy 89.16 92.53
Information transfer 58.69 65.53
rate
Input speed 11.35 12.42
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Figure 5. Accuracy of character input.Source: The authors.
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6.2 Experiment with visual concept based interface
The experiment with the visual concept-based interface was performed under the same conditions as the experiment with text-
based interface. The participants had to enter one paragraph of text (196 symbols) which represented daily conversation topics.
This paragraph contained simple formulations of basic needs of a user (see an example of message in Figure 8). The experiment

was performed with 2 subjects (both male, aged 24-28 years). The duration of experiment task was measured, and the input speed
is presented in Figure 9.

&@D‘H

| don’t want to eat

Figure 8. Example of a message entered using the visual language. Source: The authors.

30

N
o

Input speed,
sym/min
=
o

o

Input speed of Concept input
symbol speed
equivalent

Figure 9. Input speed of concept-based speller. Source: The authors.

Two metrics of input speed are presented in Figure 10: concept input speed (number of valid concepts entered in a time unit)
and input speed of letters in a textual language, which would be required to enter in a time unit in order to convey the same
message. The results show that using the visual concept-based interface can increase input speed to 26.03 sym/min (equivalent to
4.31 concepts/min) as compared to 11.35 sym/min (see Table 2) using the traditional text-based interface of the EMG speller.

7 Evaluation and conclusion

We have described the development of the EMG speller application for an Assisted Living Environment based on a three-
layered model of a Physiological Computing system based on the “operational modes” of Mann’s Humanistic Intelligence
Framework. This system is controlled by voluntary muscular movements, particularly the orbicular ones (i.e., eye blinking), which
are translated into text input commands.

The developed speller application is adaptive (input speed can be adapted dynamically in response to the user’s state) and
intelligent (uses word complete and word frequency features). The application can aid people with reduced mobility by extending
their autonomy in their home environment.

Two types of interfaces were developed and evaluated: traditional letter matrix-based interface and novel visual concept-based
interface. The letter-matrix interface of the speller has been evaluated using accuracy, bit rate and input speed metrics. The
achieved empirical results are within range of results achieved by other authors. The visual concept-based interface was evaluated
using concept input speed and compared with equivalent text input speed. The results show an improvement of input speed by a
factor of 2.3 as compared to best results achieved using a letter matrix based interface with a dictionary and adaptable input speed,
which could be explained by conciseness of the visual language (both in terms of the size of dictionary and the length of visual
»words®) as well as by reduced user effort required to communicate a message.

The advantages of using a visual language rather than a textual (alphabet-based) one are as follows: visual representation is
easier to understand and communicate; common visual signs (such as computer icons) are universally known and understood;
there is no no need to implement multiple languages as the signs of a visual language would be understandable to all users; fewer
grammar constraints; immediate visual feedback; smaller effort due to economy of concepts required for communication; input
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speed is increased as the user has to select only one visual symbol (icon) instead of having to enter many different letters of a
word.

The disadvantages of the visual language are ambiguity of interpretation of sentences consisting from visual symbols and
limited expression capabilities.

We plan to address these problems in future by extending the dictionary of visual symbols implemented as well as by
integrating an automatic translation plugin for conversion between the entered sequence of visual symbols and its textual
counterpart.
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