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A finger tracking system for Braille reading on a tablet
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Research Title: A finger tracking system for Braille reading on a tablet
Researcher: Dr.Inthraporn Aranyanak

Faculty: Science Department: Computer Science

ABSTRACT

In order to investigate braille reading behavior, we need a device capable of
tracking readers’ finger movements in real-time. This paper presents software for
tracking the fingers of braille readers. The software is developed to observe reading
braille-embossed transparent paper on an Android tablet. It provides online visual
information of finger movement patterns, reading durations on cells, total reading time,
and the average reading rate. This allows researchers to investicate braille reading in

more depth in order to help improve the readers’ braille reading skills.

Keywords : assistive computing; braille reading; educational technology; mobile computing
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WedAgyneans Nszsiuanuiiiesiusevar 95 Tayavnn1sidenudn anadenldluniseu
v pap ] A A & P a ' o o a ]

99UNSYUNTNSWILUNG AMW 6.26 W9 LaeaslunIT81LYRITNSIURNITNIINTITHIAUY
Aadu 17.13 w7 wazleeanusuaaslunisenuvesiniSeuniniswiuung Aaodu 121.53
o 1 a = d' 1 v a a =3 a I~ o 1 a
ANMBUIY AANUL5LRASTUNNTBIUYBINNLSHUNNITNIINSHAL AMLTY 51.82 168U 21N
Joyarinananuinniseruvetiniseuniinisiiulnfanunsasulisiniinisevesintey
ANTTNIINITHAUD 2.35 1917 Beaursau 1euwaneslUidudatauawuzdrnsuni1siinus

wmsgrulunsiiaaaeudmsutiniseuioumesnysusas
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2.4 N385 UNAATUULNND

o

Tuauifedlfiauinedndinduiuainssuy wouasesd (Android) Feify
syuuUfoRnisdmiugunsainnw wu Insdwidiefio wiuudn Snitauounsesddaiu Open
source 1nan19 Google lalalitnwauiaiunsaunlanazanudadlananegla Arenislaau
LAlYF 871919121 LazAIUANQUNTRINILUNI9YAa121 Laus13 (Java Library) 71 Google
fimuntuan fedulehligiauuasinanaunsouiuuruounsasdldmuaudoas

WLNZENAUaNSALIS (Hardware) ¥93nuLadlaog1sdnenie

L

2.4.1 vRsTUYaTTUUUfURNITwaURToEn UAil

Inedeyatiiludeyailivihnsdrsnnnndadiunisidanuvesldnuey

¥
6 o

ATDUANINUALLDIUN 8 FIMNAN 2560 LARINIATINA 2.6

Marshanallow

Meugat

= e e Lingerbread
*~ice Cream-Sangwich

F——delly Boan

a o 1 14 Xy %
ANNN 2.6 ammumﬂ‘zmwummawuuaumaaﬁluﬂww

‘17'1'34'1: https://news.siamphone.com/news-32129.html

2.4.2 RLAUVDITZUVUHURANITUOUATOEA

\HessieszuuufiAnisueunsesnidu Open source 1119 Google 1Un
lonalvauisandlonazaaudaslannieg laniuadudesnisvesgwaul fety
szuvUuRnisueunsesndsinisasyivlnedrssiadiluiuresnguiniamu uaslungy

vouldau Juhlviszuuliansueunsesninisveneiiiiuuegeiaiiles


https://news.siamphone.com/news-32129.html
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Tudnsunils wandusiniduifon vieSonlsinduddiynaudndfndedsioauay
wilaiu fio nsdwiedle FalnsdwiflefonsfldsvuuufiRmanounsesslimemuiy fuhy
aun$ulaiu (Smart Phone) #n9n3aléfiEnan uazthandnsmineduswamnn Snvisdeing
Usuusisliiimnuanunsa wazgniauiiuandsiusenlunuusazdviovesindn Jedenalid
WAnfusifda A nvaeinIaInIauar Ut luiesmatn Wy tuinvestnee
mnuFesiisyszanana Usinamineanud wazanuazidunvesndedionin finan

weaudedanalignaeanisldauszuuduinisueunsesaifdannivainuaigis

ANENNNTD YT UarsIA muaEaeInisaztluldau

2.4.3 719139191 (Java Language)

= a cq v A = a

AM®19191 (Java Language) Wumwiaeuianes Tdmen1sfeulusunsud

798 (Object-Oriented Programming) Fsgniimunlag 1aud neada (James Gosling) wazivian
a A awo o a [ s 1 e A Y Y U « ] o
FAIng s du lulasTadiud gesmungvesniviannndfiielvigiaun “@ouiioanss
WAed wisulusunsudilanla” (“Write once ,run anywhere” (WORA)) [8] 1agn19139131gn
a1 uuiioldununie Cr+ waziduniviaduayunisi@eulusunsudading Junuig
dmsuiannssuunianududou lnenisimulusunsusvuingastiglvisiaansalddmse

Fosine Mileglusruunutuinldlunisesnuuulusunsy v laladeyy

UYORAYDINTHIANIN FD
- Wansuideulaenwann asdimuaunsalunsiaulsuuszuuufiang
nanvane lddduiesinulas viieunlulusunsy
- dannududeutlosnitnien C++
- fmnavasadegs iszntennilssuuinwieuuasndosaussedusit Tuau
'izé’f‘ugjﬂ L8 Electronic Signature ,Public and Private key Management wag
Access Control tfuau

VY v

- #laus3 (Library) atuayulnldaulalaelidesdealdigiaga yilvigiauwn

Y

aunsaanaliilunsgelaTesile azteninsnnee ulvaula

TVoLAEUDINI1YIA1I AD
- sesdiandldlumsimunlusunsuaninldaulalinseunan ilivatueeng
Y o o & v I o o § vy =~ o ] S 4 A & oo
A nduazaeaduawiies inlideadenaviuludiuinasesoiium

Laila


https://en.wikipedia.org/wiki/James_Gosling
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sUnuvvesn wandumuiibidmuawuunaiedluisazussvia Taous
avusinannsalouddsldvatedids uazanansaunsnmedune (Comment) I d4n1w191
mdunrwiiinsTadusnusedRunlng wazfiRuridn (Case sensitive) saudeiisn
Fuflun1g (Operators) nanesdaliléay uazn1wianntuausofiasouyadided
Usgnausessidunmsvanesiisnssiiafulugadidmilsg 1o Tnonsiauesaiwanm
wdndfunsUszananamuadunsnusesiiiiunssULuUAEs (Statements) uag
yins¥uAdsdiuyszatana (Execute) Wilolildnadndoanun Inenndrdsazsdesaude

AseIINEAlAaU () AININT 2.7

1| package packageName;

2 import ClassNameToImport;

3 accessSpecifier class ClassName {

4 accessSpecifier dataType variableName [= initialValue];
5 accessSpecifier ClassName([argumentlList]) 1

6 constructorStatement(s)

7 I3

8 accessSpecifier returnType methodName ([argumentlist]) $
9 methodStatement(s)
10 t
11 // This is a comment
12 /* This is a comment too =/
13 /* This dis a
14 multiline
15 comment */
16 1

2N 2.7 AregsaanUngnssueesn ®anig

117: http://learningcomputerinmyroom.blogspot.com/p/-c-java.html

2.4.4 M5WEUIUIUNIULTIINE (Object-Oriented Programming)

LY

Junslsulusunsuiiusznausenguuesing (Objects) usazingazdmdu
naulusUveseana (Class) Bausazaanaonviinnandinisundes (Encapsulation) n1sdunen

(Inheritance) Wagn13ieagy (Polymorphism)
2.4.5 Android Studio

Android Studio tJuitaSesdiowmunssuu Integrated Development

Environment (IDE) 910 Qg gnasisfudmiunisimunvenauwis uazuaundinduvasieu


http://learningcomputerinmyroom.blogspot.com/p/-c-java.html
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
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aseuAuusEULUURnswounseealaaanie [11] lneinguszasnvad Android studio tite
ARIN19AIUILATeINe IDE NianunsaiauiwaUndiaduuussuuluRnisuaunsesn bl
UsEAVEAMLNINTY IAUN1T0ALUUNENAE Graphic user interface Nivagli@nsanaasy

AkaUnaady TuguusanuanaeiuuugUnsalufasIu warausananInau1eeegelaviug

InulaifesinsSuneundinduuuiidnassgunsal (Emulator) dneae

2.4.6 JavaScript

JavaScript \{unnw Script ﬁmmmiﬁmauﬁ’wfﬂ%mu e Iﬁmauﬁ’u;ﬂﬁﬁ'aﬁ
msadnundudeilegldnsendeyalumesy (Jusu Javasaipt finuddyegrsunnlunig
Waules Tugalagiudombuiunivledsouduniw HTML waz CSS nsihanldas
vnlilnanldiEay aunsaifeulusunsy Javascript wudnlulugumelngldusylovidmsu
UFIUA9Y LU IR MIkAnsHa nsfudsdeya Sndianunsnyssananaldyn

&l ¥
UINIUYIBDNNIY

AnAutRvaq JavaScript fifail

1) anunsaldausindumaluladdugld wu Cal, Plug-in wag Java laeidu
dasziuunanasu

2) 28aANTTMITNNUYBY Server INFIFUINLTBITIaEis Client #1150
Uszananalaes

3) finalnnisasiaaeu Uszanana tazsnaulaesla

4) Tuine Tenwausdu Interpreter wuu Text File Heoglu HTML Fwinau
vuusTesliavuiilaglides Compile

5) [3eu3iny WINE @S UN LI ULD UL DSLTN
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A5n15ANIUIUIY
3.1 NMSAATIEHTZUU

3.1.1 AMWIIUVBITEUU

Y

szuuiiduivueundieduiiimunduiiolidnifefiaulafudoyamadiy
N1301USNYILUAA UAURIUOA IYINNITANYINGANTTUNTOUTAUTZUUAILITOLARAINAANG
mswpaeulmuesialdlnesnlusiBuasidunaniuniseulusaiu (online time) wioufy
LansaHasnInua AU areulnslUsLsuaIMsaRIuI ua il anue 1andild
wrlunseug nanildiaeleglisiunariiiniseiugn saude §ns1auEalunis

VA o I

' 1 v 13 ¥ & 4‘ @ { 4‘ a
21UND 1 FAIBNYT I@EJFL'Uﬂ'ﬁLﬂ‘UGUamﬂauuw'ﬁ"\]ﬁlﬁqﬂqﬁﬂv\lﬂwqLLﬂLﬂﬁ@\TLLWUL@WLLQLQ?@\TL@EJ']VLU

Y
1% '

Audeyald vhliludesdenailunsiinswesosdabiten Sniduuinazasnindonis

LWARBUENYDNAIEY

Notebook "o Firebase

AT 3.1 URUAINULERIBIAUTENDUTAETINTBITHUU

Ql' od ) I )~ ° I ! v 2
1NNINN 3.1 LLﬂﬂ(ﬂflﬁL‘Mu’)qﬁgU‘Uﬂiﬂqimqﬂqu@% 3@ "iﬂﬂ"?j']EJVLUGU'J'] Q]

o
1Y Y

1. Tedn fIdedesadlusunsu Android Studio luipsasneufinasng
LAgViSoMBNILABTHUUNANT kaIWAaEAIN LUBRINIUNITAIVANTEUUKAENTVINIUNANTY
agludruilvianun sgaziedeniseudmduaglddoya wu sunmdeanuiiludnes

Lad WioNnd execute program Tun1svingnu

2. Wevihnislddeyauazassfunisinnuredusunsuluinissneuinnes

waliindefinnainainnissulusunsy §idefanunsalvanlusunsunnegieiivinlildadly
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[
Y

LPSOITIULER TnefaalinisAnas Android Studio Tilwa3es Wi navinisnaass §3de

a 6

zAatwiunseawlantundnesiuadaueuuntnelvnsstunsaunlusensulaasialy

Tnganunsafnmdlalinyuisdiuuuesowiiuidaieoldlinseauedoulmvasigidis

9

Y1MABIVIINITOU

3. 14 Firebase wnfiaiiudoyannegialivupas & Firebase (Insiua ) Ao

U3n15 backend wa wnanWady Asuasdmsutniauiwen waglusunsudssgnduuliu

=

wnannesuniinIesdionarlastasiaiugiuiilisunisesnuuuaiveyglatnimuaunse
aSranenndinniinaunings Firebase (Wsiua ) waz amasasiudeyaluguuuuaes JSON

] g
wazdinas sync ayauuy realtime funn devices Midousouvudaluddluideaiund
Firebase 1Ju Project ﬁgﬂaamwumﬂﬁﬂu APl ilag Cloud Storage seafunsvieude
offline s095UMAE Platform s IOS App, Android App, Web App 59189l Security Rules
IﬁLi’]ﬁWNﬁﬁ@@ﬂLLU‘UL‘f‘i@ulstlﬂﬁﬁ’]ﬁ\iﬁﬁaﬂﬂaﬂgﬂﬂﬁ read uag wiite l@sala %9 Android, i0S

waeg Web
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3.1.2 #anN15M19uUvaIszuuluniIsnstadunisaaaulnivesiiiaiie

PANNITVINUVBISEUUIUNsaTITUNIsdsulnvesiiiloaiunsaasuledanad

Aun1syinulaewansdu Flow chart slan1ni 3.2 Tasadl

Change color back

Drag finger

Save time
and location (XY}

Calculate
Line# , Celk#,
Character , Time

Write Line#, CelR#,
Time to Firebase

Change line color Fravassia, el W if reread of call

Save rightmost cell#

wol}

Calcuiate
Rereading Time No

1 =

Calculate
Total reading time ,
_ Rereading tima ,
Reading rate

Continue
from rightmost cell

v
Display
Total reading time ,
Fereading time |
Feading raie

AT 3.2 Flow chart kan99anaanuvadssuuntglunisnsiasunisweasuluiiiaile
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A7 3.2 A9 Flow chart wansdanodiuesseuuntglun1InsIasunIsia
A 2 A ! v P Y] I3 | a v & &
felmvesihilevursudonuiilusnusivaduundulaninasuuninoeuiuan @unse
aduelasall Ao Welin1sainila nanAslusunsuaunsansadulaan Welinsdurauu
NNelUsuNTHENISTUAnA LA x wag y aninsduraniietalilumuininatiu
aguuwalyg 1 Aurdussia sudadadnes sadaduluiinnaild o gatull
P Y o 1 & & o = yya _, = I A = L~
Ay udthAauaAUTUANLIN Firebase waziinsnsivaeuininisiaasulmiaieain

1 lutenielil sziufen1sndulusuen (regression) MatilUsunsuaunsaLans duy

v
a o

wihvelduiifielfidueuunnsavesnmsindeulmindeuiinnnuiivdefiuanadud
Sudunmsndeulmanuarildewanadudindes uazsvuvagihnisasadeuluisesy
sunnsedeuiisedsudunndrelvrmiiewsy Lﬁaﬁgﬂmﬁaulﬂuﬁﬁwﬁu faznau
dluvhauluguiRudausiu uagldssuuausnaunssinssaeuifinse undud i
vl §1laifl awvimsarvaeudeulufinde Smavgansedoulmvield dlallFndudy
Uldszuvasilug usidhle szuvazvhmsiuasmaduduiutufinady Firebase Ae
nanuTmn Al lunnsenu (Total reading time) vaniildlunisenudvienun (Rereading
time) anildanzeuaingrgluumn (Reading time) anniussiinisuaninadng e

1117199 karauluswnsunisyiauludiud
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3.2 Use Case Diagram

Finger tracking system of reading braille on tablet

I__/’ T
N

N Reading braille P N,
\_ / I
<<include>> Rereading
Show 4

<includes ’ \

4N movement
Researcher

Participant

AINA 3.3 WHUNN Use Case 98955UU

AT 3.3 LEARILNUATW Use case 49958 UUN15RTI93UNsideulmaesiaiie

¥ 1 1

Ay saa ¢ | N | ¢ & &
6U§1J$V|E)|L ']3'3l|ﬂ']TV]91aENE]']ULUaaVIW@JWUULLNUSLaVD’N@EUJUHQUﬂimLW]ULafﬂ



3.3 Context Diagram

Participant

Show summary

25

-

~

Reading braille

Display finger movements on screen

Send data to the system

.

Researcher

Press Start, Next

Show summary

Finger tracking system

e

Firebase

Store data into Firebase

AT 3.4 LU Context diagram V8452 UY
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3.4 Activity Diagram ¥84n115n5293UN15tAdaUlnvesliale

Participant

Screen

Record

Calculation

Firebase

914

Start

Na

[-—

Display finger movement
in blue

}

{

Times &,y position 1‘

+ Cell & Line numbers {~

—
—

Read [ Reread

L

N

:

Store data into
Firebase

S

Display finger movement
in yellow

;

{

Times &3,y position J—‘

{ Cell & Line numbers J~

Store datainto
Firebase

1

Reading time, Rer eading

Summary - |*

.ﬂ
et
4

( Calculate total times,

time, Reading rate

Store data into
Firebase

AT 3.5 WNUAIN Activity diagram 18952 UUTMEATIATUNSIARRUlURsTie
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e
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undi 4

NaN1598

(3

PaNLUUNTNIBw UNaTUNldnsIadungAnssuluniseruniviiuadussaunIuen

Tnguaundtuilaunsadnlnandeninunivivadlivansuuniaeliiielifideiudeniny

T NNGD5ITE SN TEAHUAGTINANDLUUNTNDWTIULER N0 1U150AT39TUI

Y
Y v

fefienuls 2 dafetii@idneuarein NHNABKAALAUNIINITOUVDILUITIUNAADIUUY real

(%
=1 v 1 v W

time aunsawiulainvariiienuiaseueguumdnusdiulavesdoninu nioursaiuise

| 1

wanstoyaniaritilundavdisnusluniseiu wfeunaussia wasntineuls niouns

2 v PO, = o v a ¢ 1My
anansaiuteyamallviegluguuuy excel Tanunsathdeyaluinsgvsola

Tunas@euluswnsudulaldnwiainlunsiauiv sk ividnaindlag19n1sideu
TUshnsusuaIndulAnLaAnIRaN1965293UT5e 0 onTouchEvent lagnisiAuA1flaann
aunu x war y 13ulainuinadielhduiantiie wazdelinisainisangdieluvinag

wansranthasdududhRuiuiidune u vustlegiu

public boolean onTouchEvent (MotionEvent event)
{//get X and Y
float x = event.getX();
float y = event.getY();
//Create and set count of finger : Start
int pointerCount = event.getPointerCount();
int cappedPointerCount = pointerCount > MAX FINGERS ?
MAX_ FINGERS : pointerCount;
int actionIndex = event.getActionIndex();
int action = event.getActionMasked();
int id = event.getPointerld(actionIndex);
if ((action == MotionEvent. ACTION DOWN || action ==
MotionEvent. ACTION_POINTER DOWN)&&id<MAX_ FINGERS)
{ mFingerPaths[id] = new Path();
colorsMap.put(mFingerPaths[id],Color.BLUE);
mFingerPaths[id].moveTo(event.getX(actionIlndex),
event.getY (actionIndex));
h
else if ((action == MotionEvent. ACTION POINTER_ UP || action ==
MotionEvent. ACTION UP) && id < MAX FINGERS)
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{mFingerPaths[id].setLastPoint(event.getX(actionIndex),
event.getY (actionIndex));
mCompletedPaths.add(mFingerPaths[id]);
mFingerPaths[id].computeBounds(mPathBounds, true);
invalidate((int) mPathBounds.left, (int) mPathBounds.top,
(int) mPathBounds.right, (int) mPathBounds.bottom);
mFingerPaths[id] = null;
H
for (int 1 = 0; 1 < cappedPointerCount; i++) {
if (mFingerPaths[i] !=null) {
int index = event.findPointerIndex(i);
mFingerPaths[i].lineTo(event.getX(index), event.getY (index));
mFingerPaths[i].computeBounds(mPathBounds, true);
invalidate((int) mPathBounds.left, (int) mPathBounds.top,
(int) mPathBounds.right, (int) mPathBounds.bottom);

H
H

//Create and set count of finger : End
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Abstract—In order to investigate braille reading behavior, we
need a device capable of tracking readers’ finger movements in
real-time. This paper presents software for tracking the
fingers of braille readers. The software is developed to observe
reading braille-embossed paper on an Android tablet. It
provides online visual information of finger movement
patterns, reading durations on cells, total reading time, and the
average reading rate. This allows researchers to investigate
braille reading in more depth in order to help improve the
readers’ braille reading skills.

Keywords-assistive computing; braille reading; educational
technology; mobile computing

I INTRODUCTION

Currently there are many devices to assist the blind to
read, such as JAWs, the most popular screen reader using
text-to-speech conversion for people with visual impairments.
A recent iPhone application using the augmented reality (AR)
technology, Aipoly, helps the visually impaired to “see”
including to read text and recognise objects. Nevertheless,
literacy is one of the most important skills to facilitate
cognitive development and maintain cognitive process into
old age [1]. Moreover, Ryles’ [2] found that people with
visual impairment tended to have higher levels of
employment if they were able to read braille.

Few studies have investigated braille reading behavior in
comparison to sighted reading, since braille readers are a
minority and not many technologies support braille reading
research. The first device that explored hand movements of
braille readers was built by Biirklen [3] in 1932 and called a
“Tastschreiber.” The readers’ finger was connected to a pen-
like instrument that scratched a trace of the finger movement
on smoked paper. Most studies before 2010 used a video
camera to record braille readers’ hand movements in which
the sampling rates were between 25 to 40 frames per second
[4]. Most of these studies involved the manual analysis the
finger position data from each video frame. This technique
took time and the sampling rate was quiet low. In 2011,
Hughes [5] built an apparatus for tracking the movement
kinetics of braille readers using a digitising tablet, in which
the sampling rate of finger position was 100 Hz. Aranyanak
and Reilly [6] devised a high-resolution finger-tracking
system using a Wiimote to examine finger movements in
braille readers. Both these devices are inconvenient for
researchers to set up. This study presents an application for

978-1-5386-6349-3/18/$31.00 ©2018 IEEE

tracking finger movements in braille reading that is easier to
use to explore the reading behavior of braille readers on
embossed-braille paper with an Android tablet.

Recently, a report showed the number of people who live
with vision impairment across the world was around 253
million. Of these, 36 million are totally blind and the rest
have moderate to severe visual impairments [7]. In Thailand,
the report on the situation of disabled in Thailand showed
that there were 188,050 Thai people with sight loss, which
represents a third of all disabled. There are 12 schools for
the blind in Thailand; the biggest center is located in
Bangkok. Less than 10% of Thai blind have a chance to get
education and job training. Less than 5% are employed in a
stable position. Most Thai blind earn money by selling
lottery tickets, which is supported by the government.

In the past, research on braille in Thailand focused on
developing software to convert Thai into braille and vice
versa (e.g., Foundation for the blind in Thailand, 2008 [8]).
Recently, a group of researchers for the blind in Thailand
produced software to produce audio books, such as, “Read
for the blind” by Pongsawat [9]. Samsung in Thailand
created a special ink called “Touchable Ink” that can be used
as an alternative to a braille printer. The ink can be used
with home printers and the price of printing braille per page
is much cheaper than using a standard braille printer.
However, there are few studies focused on braille reading
behavior and none of them used an online system to record
readers’ fingers during braille reading.

The research described here involves developing
software to track fingers on embossed braille using an
Android tablet. This system records finger movement online
and provides a report of reading duration on cells, total
reading time, and the average reading speed. The report can
be exported to an excel file so that further analysis can be
done.

II.  THE BRAILLE WRITING SYSTEM IN THAI

Braille is a system that enables people with visual
impairments to read and write through touch. A braille cell
on paper comprises six dots allowing for 64 distinct patterns.
The English braille system includes contractions, helping to
reduce the size of braille books. Thai script is a syllabic
alphabet. There are 44 consonants, 32 vowels, and 4 tone
markers. Thai braille system does not use contractions, and
also the writing system itself contains tone markers and some
vowels located above or below a character. In the braille



version they have to be located on a single line in sequence.
For example, “57U” is written in braille as follows: 5/~ /1 /

U; the braille codes are 1235/ 256/ 16/ 1345. Consequently,

Thai braille is read more slowly than English braille, which
has a reading rate of 100 words per minute [10]. Srisawat
[11] observed the patterns of hand activity and reading speed
of Thai braille. The study found that over 73% of Thai
braille readers preferred to use both hands more than only
one hand in reading. The average reading rate of two-
handed readers was 41 WPM and 35 WPM for one-handed
readers. In 2015, Jitsodsaikul, Niyomphol, and
Sirirungruang [12] compared the reading speed between
sighted readers and readers with visual impairments and
found that the average reading rate of sighted readers was
twice as fast than those who read braille: 122 WPM in print
and 52 WPM in braille. However, none of these studies used
an online system to record the reading time, so their reading
rates may not be entirely accurate.

II1.

The application was developed using Java on Android
Studio. The finger tracking system is comprised of the
following devices.

FINGER TRACKING SYSTEM

Z§Firebase

Realtime Databas

Notebook

Tablet

Figure 1. Finger tracking system.

Figure 1 presents the finger tracking system. A notebook,
running on ASUS K46CB, Intel Core i7-3537U (3.10 GHz),
is used to create the software. The coding was done in
Android Studio using Java. Braille characters showed as
pictures on the tablet screen are imported into the drawable
library on the notebook. Then the application can be
transferred into a tablet, Lenovo IdeaTab S6000 (CPU: MTK
8389 QC 1.2GHZ), using a USB cable. The tablet comes
with a 10.1” display with a resolution of 1280 x 800 pixels.
Once the program is uploaded to the tablet, a researcher can
bring just the tablet to collect data. Transparent braille paper
is placed on the tablet screen using sticky tape on four edges.
The data recorded on the tablet is transferred to a database on
this link: https://console.firebase.google.com. Firebase is
used to process the data in real time. A text file can be
downloaded from the cloud database.

Figure 2 shows the overall algorithm of the tracking
system from the beginning to the end. A key feature of the
algorithm is the facility to change the color of the finger
trace to allow the visualization of re-reading. Thus, the
instructor can immediately see the areas of the text where the
reader is having difficulty.

110

Drag finger

Save time
and location (X.Y)

Change color back

4

Calculate
Line# , Celi#,
Character , Time

4

Write Line#, Celi#
Time to Firebase

|

Change line color Yes

Save rightmost cell# figeread of cell

Calculate

Rereading Time No

o J
.

Calculate
Total reading time |
Rereading time ,
Reading rate

Continue
from rightmost cell

v
Display
Total reading time
Rereading fime ,
Reading rate

Figure 2. Flowchart of the algorithm of the tracking system.

IV. APPLICATION

This software can detect finger movements on a tablet
screen. However, this application is a prototype, and can
now just track two fingers. The reason we use only two
fingers at the moment is because most braille readers only
use two fingers, usually the left and right index fingers as the
main fingers in reading. However, the program can track up
to five fingers and the code can be modified easily to
accommodate this. A maximum of 34 cells per line and a
maximum of 9 lines per screen can be displayed on a 10.1”



display with a resolution of 1280 x 800 pixels. However,
these can be changed depending on the size of the tablet
screen used. The software supports reading multiple pages.
A sample screen of the application is showed in Figure 3.

Figure 3. One-finger tracking.

Figure 3. shows one-finger tracking during braille
reading. The line is recorded when a finger presses on the
screen. The blue line represents reading from left to right.
The yellow line represents return sweeps from the end of one
line to the beginning of the next. Return sweeps will be
deleted when computing the reading time. The application
can show cell, line, and page numbers on the screen.
“PressTime” is the current reading duration. The “start”
button is for starting a recording of the finger movements.
The “clear” button is for clearing the line on the screen. The
“summary” button is for showing a summary page of reading
statistics. This includes total reading time in milliseconds,
total reading time excluding regressions, total rereading time,
and reading rate per character. The “next” button is for
moving to a new page.

Figure 4. Two-finger tracking.

Figure 4. illustrates two-finger tracking. The following
code is for tracing fingers while reading a transparent braille
paper on the tablet screen.
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public boolean onTouchEvent(MotionEvent event)
{//get X and Y
float x = event.getX();
float y = event.getY();
//Create and set count of finger : Start
int pointerCount = event.getPointerCount();
int cappedPointerCount = pointerCount > MAX FINGERS ?
MAX_FINGERS : pointerCount;
int actionIndex = event.getActionIndex();
int action = event.getActionMasked();
int id = event.getPointerld(actionIndex);
if ((action == MotionEvent. ACTION_ DOWN || action ==
MotionEvent. ACTION_POINTER DOWN)&&id<MAX FINGERS)
{ mFingerPaths[id] = new Path();
colorsMap.put(mFingerPaths[id],Color.BLUE);
mFingerPaths[id].moveTo(event.getX(actionIndex),
event.getY (actionIndex));
}
else if ((action == MotionEvent. ACTION_POINTER_UP || action ==
MotionEvent. ACTION UP) && id < MAX_ FINGERS)
{mFingerPaths[id].setLastPoint(event.getX(actionIndex),
event.getY (actionIndex));
mCompletedPaths.add(mFingerPaths[id]);
mFingerPaths[id].computeBounds(mPathBounds, true);
invalidate((int) mPathBounds.left, (int) mPathBounds.top,
(int) mPathBounds.right, (int) mPathBounds.bottom);
mFingerPaths[id] = null;
¥
for (int i = 0; i < cappedPointerCount; i++) {
if (mFingerPaths[i] != null) {
int index = event.findPointerIndex(i);
mFingerPaths[i].lineTo(event.getX(index), event.getY (index));
mFingerPaths[i].computeBounds(mPathBounds, true);
invalidate((int) mPathBounds.left, (int) mPathBounds.top,
(int) mPathBounds.right, (int) mPathBounds.bottom);
}
}

//Create and set count of finger : End

However, there is limitation of the software. In terms of
computing the average reading speed easily, we have to
select one finger per hand at most, which means that we have
to select the reader’s preferred reading finger.

V. APILOT STUDY

Figure 5. Female participant using 2 hands in reading.



A pilot study was conducted for testing the application.
Two participants, one male aged 16 and one female aged 62,
were recruited from the School for the Blind, Bangkok,
Thailand. They were informed that they could leave or stop
the study anytime they wanted. The story used in reading is
called “Sim Bai” converted from the Thai writing system
comprising 40 lines of text to Thai braille consisting of 114
lines. The maximum cell numbers per line was 28. At the
end of the story, the participants were asked to answer a few
questions to check their comprehension. The study found
that both readers used two hands in reading and they read
aloud even though they were told they could read silently,
they said this helped them to spell out words.

The female participant in figure 5 used a butterfly
reading style; left and right hands conjoint at the beginning
of the lane then split near the middle, the right hand moves
until the end of that line while the left hand moves to the
beginning of a new line as shown in figure 6.
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Figure 6. An example of a butterfly reading style from Aranyanak and
Reilly [6].

The participant took 12.5 minutes to finish the reading.
The male braille readers also used both hands in reading, but
he preferred reading with both index fingers side-by-side
along the line from the beginning to the end of the line. He
took 10 minutes to finish the text. After the reading study,
there was an interview session for about 10 minutes. Both
readers said that they preferred reading on the transparent
paper to normal paper because dots were not too sharp and
not too rough, so it was more comfortable for them to read
for longer. In addition, they were taught to read braille using
both hands together in reading, however, they said
sometimes they used only one finger in reading if the other
gets tired and they had both developed a reading style suited
to their specific needs and experience.

VL

This paper presents a new finger-tracking system
developed on Android using Java. Finger movements can be
used to investigate moment-to-moment processing of braille
text. The device used is mobile and convenient to collect
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data using only a tablet with the installed program. The
application can show reading behavior of braille readers in
real time. Cognitive processes can be inferred from the
reading patterns found on the application screen. The
software provides various reading time measures. Data is
logged to a cloud-based database. The pilot study revealed
that the finger tracking system for two fingers does not
always provide an accurate trace, since the signals from both
hands were sometimes confused. Nonetheless, data from
single handed tracking proved robust and accurate.
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