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DESIGN OF DYNAMIC BRAILLE DISPLAY FOR MOBILE PHONES

SUMMARY

This thesis consists of mechanical, electronic methodologies to design a biomedical
product. A mobile Braille display is designed for mobile phones where can be carried
as a mobile phone cover. Commercially Braille displayers are available with different
design and operation concepts. The Braille alphabet is an embossed dot combination
that helps blind people to read. Since the 19" century Braille alphabet has been used
as static displayers with embossed dots. However, in the last 30 years’ industry has
come up with the idea to refresh dot positions to allow blind people to read fluently
without using paper or books covered with dots. Although not all blind populations
can use these refreshable Braille displayers become, smaller and more compact Braille
displayers are presented in the market. Since mobile phones become a general
commodity along with the humankind. The Braille displayers have to be intertwined
with mobile phones.

The suggested Braille display is designed to take part in mobile phones on a small
scale. Therefore, an electromagnet is designed to operate the dots individually
controlled with an input-output expender integrated circuits. However, the size of the
electromagnets has made it impossible to obtain electrical efficiency. Also, the size of
these electromagnets made it impossible to reproduce them in large quantities. Thus a
new method has been suggested. Instead of controlling each dot individually, a group
of dots will control by using mechanical constrains to press dots combinations. The
text data was taken from the mobile phone via Bluetooth connections.

The mechanical constraints in the design created specific problems due to the Braille
dot space standards, which made the production of the part not possible with
contemporary used three-dimensional printers. The parts or the paddles moved with
step motors, which are controlled by a microprocessor to display combinations of dots.
By decreasing the number of actuators, the lifespan of the Braille device can increase.
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CEP TELEFONLARI iCIN DINAMIK BRAILLE EKRANI TASARIMI

OZET

Bu tez, mekanik, elektronik metodolojileri i¢eren bir biyomedikal iiriin tasarimini
gerceklestirmek iizere hazirlanmistir. Uriin olarak cep telefonu kullanan korler igin bir
mobil Braille ekrani tasarlanmaya calisilmistir. Braille alfabesi, kor insanlarin
okumasini saglayan kabartmali nokta dizileridir. 19. yiizyildan beri Braille alfabesi,
kabartma noktalar kullanarak olarak kullanilmistir. Diinya niifusunun yiizde 0.5 gérme
kusurlu olmasi bu alfabenin kullanimi yillar gectikge arttirmistir. Ancak son 30 yilda
gorme kusurlu insanlarin noktalarla veya kabartmalarla kapli kitaplart kullanmaktan
ziyade  noktalarin veya kabartmalarin harflere gore degisbilecegi sistemler
gelistirilmeye baglanmigtir. G6érme kusurlu insanlar bu yenilenebilir Braille
gortintiileyicileri giinliik hayatta kullanmalarina ragmen, daha kii¢iik ve hafif Braille
goriintlileyicileri piyasada sunulmaktadir.

Braille goriintiileyiciler lineer, yuvarlak ve elektrik uyarimi olmak {iizere fiice
ayrilmistir.  Elektrik uyarimli Braille goriintiileyicileri Panda sistemleri olarak
tanimlanmis olup piyasada iiriin halinde bir 6rnegi bulunmamaktadir. Yuvarlak Braille
goriintlileyicileri sinirli sayida karakteri gortermek icin tasarlanmistir. Bir silinidirin
yiizeyine konulan kabartmalar1 dondiirerek istenilen karakterleri gostermeye
calismaktadir. Yuvarlak Braille goriintiileyicileri piyasda sadece Amerika’da
kullanilmaktadir. Uriin halinde 6rnegi sayilidir.

Lineer Braille goriintiileyicileri piyasada en ¢ok kullanilan cihazlardir. Lineer
denmesinin sebebi kabartma gorevi goren pin veya noktalarin dikey sekilye hareket
etmelerini saglayacak eyleyicilerin gorev almasindandir. Noktalar yergekimine karsi
yer c¢ekimi yOniine dogrusal eylemlerini gerceklestirirler. Lineer Braille
goriintlileyicileri elektromiknatis, piezo elektrik veya akilli hafizali alasim gibi
eyleyicilerden olugsmaktadir. Elektromiknatish lineer Braille goriinteliyicileri ¢ok
ucuz olmasina ragmen her nokta ic¢in elektromiknatis koymak sistemi hem mekanik
olarak karmasgik hale getirmekte hem de enerji tilketimi i¢in dezavantajli. Birden fazla
hiicreli Braille goriintiileyicilerde verimli olmasit miimkiin degildir. Akilli hafizal
alasimlar ise iiretimlerinin seri iiretim halinde olmamas1 ve tekrarlanabilirligi diisiik
olmasindan dolay1 endiistiride 6rnegi bulunmamaktadir. Piezo elektrik eyleyicileri
hem boyut olarak hem de tekrarlanabilirlik olarak Braille uygulamalarina ideal bir arag
olmustur. Braille goriintiileyicileri ¢cogunlukla piezo sistemlerden olugsmasina ragmen
genel kullanim i¢in ¢ok pahali bulunmaktadir.

Tasarlanmak istenen Braille modiilii cep telefonlarin arkasina yer alacak ve koruyucu
kap gorevi gdrmesi planlanmistir. Diger Braille cihazlarindan farkli olarak, bu Braille
cithaz1 telefonun yere gore olan pozisyonu degiseceginden dolay: lineer hareketi ¢ift
yonlii yapmast gerektigi diisliniilmiistiir. Elektromiknatislarin diizgiin bir sekilde
calistirilmasi i¢in gerekli olan giris ¢ikis terminal sayisinin fazlaligi sistemin
elektronik tasarimini karmasiklarstirmistir. Elektromiknatis sisteminin igersinde
bulunan solenoid ve ferromanyetik miknatislarin kuvvet ve yer degistirme hesaplari
sonlu eleman methodu ile ANSYS’de yapilmistir. Sonlu eleman analizinde kullanilan
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materyallerin 6zellikleri, boyutlari, birbirlerine olan uzakliklar1 g6z 6nilinde alinarak
elde edilebilecek en az akim degeri ile sistemin yeterli gordiigii kuvveti saglamak
hedeflenmistir. Elde edilen sonuglarda 600 miliamper ile 75 milinewton elde edilmis
olup 1 milimetrelik yerdegistirde saglanmistir. Kullanilmasi planlanan bakir kablolarin
600 miliamper degerinde sargilarda zarar vermesinde sebep olabilir. Ayrica elektro-
miknatislarin boyut olarak iiretiminin zor olmasi, sonlu eleman sonuglarindaki akim
degerlerinin ¢ok yiiksek olmasi ve sistemin islevi i¢in ¢ok fazla eyleyiciye gerek
duyulmasi bu modiiliin elektromiknatis eyleyicilerle tasarlanilmasin1 imkansiz
kilmustir.

Braille modiilii igin hem kolay kullanimi saglamak amaciyla kalinligini ince tutmak
hem de enerji tiiketimini azaltmak i¢in yeni bir yontem Onerilmistir. Tiim Lineer
Braille cihazlarinda oldugu gibi her noktayi ayri ayri kontrol etmek yerine, nokta
kombinasyonlarini mekanik kisitlamalarla saglayan pedallar kullanilmasi
planlanmistir. Bu pedallarin pozisyonlarini kontrol etmek i¢inse rotorlarinda vida mili
olan stepper motorlar yer almistir. Braille alfabesinde bir harfi tanimlamaya hazir alti
nokta yer almasi saglanmistir. Harf veya karaktere gore ikili grup halinde bulunan alt1
noktanin en fazla dort noktasi kullanilmakdir. Tasarlanan yeni sistemte {iglii nokta
gruplarmin diisey halde alabilecegi sekiz kombinasyonu saglayan pedal sistemi yer
almaktadir. Vida milinde hareket edecek olan pedal iizerindeki bosluklar sayesinde bir
grup ¢l noktanin sagladigr 8 kombinasyonu saglamasi diistiniilmiistiir. Bu sayede
eyleyeci sayisi ligte birine diismesi amaglanmigtir. Pinler i¢inse gerektiginde mekanik
olarak sikismaya hazir “pogo pin” kullanilmistir. Bu pinler tasiyici bir platforma
konulmus olup pedallar pozisyonlarni aldiginda elektromiknatis yardimi ile yer
degistirilmesi 6n gorilmiistiir. Sikismasi planlanan pinler ylizeye ¢ikmayacak ve bu
sayede geri kalan pogo pinler kabartma goérevi géormektedir.

Braille modiiliiniin ¢alismasi i¢in okunmasi istenilen Kkarakterlin Braille diline
aktarlmasi gerekmektedir. Bunun i¢in ti¢lii noktalardan elde edilen posizyonlarin vida
milindeki karsiliklar1 Olclilmiistiir. Bu sayede normal alfabeden Braille alfabesine
doniistiirme esnasinda hangi harf i¢in hangi ikili grubun ait olduklar1 vida milinde
hangi pozisyona gelecegi hesaplanmistir. Bu sayede bir doniistiirme tablosu
olusturulmustur. Bu tablo iizerinden bir harfi tanimlamak icin 6 eyleyici kullanmak
yerine 2 eyleyici kullanilmasi saglanmistir. Ancak Braille sistemlerinin mekanik
kisitlamalari,kullanilan step motorlarin ufak ve hassas olmasimi gerektirmistir.
Mekanik kistaslar ve step motorlarin boylarinin ufak olmasi pedallarin boyutlarinin da
ufak olmasini gerektirmistir. Bu yilizden geometrik toleranslar sistemi etkileyen bir
etken olmasina sebep olmustur. Sistemde 6n goriilen pozisyonlar sistemin kurulumu
esnasinda veya motorlarda yasanabilecek sikintilardan kalibrasyon yapma ihtiyaci
hissedilmesi 6n goriilmiistiir.

Metin verileri, cep telefonunun tizerinden Bluetooth baglant1 uygulamasi kullanilarak
Bluetooth araciligi ile mikroislemciye aktarilmaktadir. Alinan veriler string
formatinda tutulup gerektiginde karaktere doniistiiriilmiistiir. Doniistiiriilen karakter
sayist modiilde bulunan hiicre sayisi ile aynidir. Yayinlanan karakterler okunduktan
sonra bir dokunmatik sensdrle pinleri geri ¢ekmesi ve ardindan pedallar1 vida milinin
basina ¢ekmesi planlamistir. Yeni karakterler kaydedilen string verisinden ¢ekilir ve
Brallie hiiclerinde yayinlanmaya devam ettirilmistir.

Istenilen hacimde calismasi 6n goriilen Braille modiilii, o hacim igersinde yer
alacakabilecek ve kuvvet standartlarini saglayan elektromiknatis saglanamadigindan
dolay1 modiiliin kalinlastirilmas1 gerekmistir. Pinleri gerektiginde itis saglayacak olan

XXV



elektromiknatislarin boyutlarinin biiyiik olmasi hacimsel olarak Braille modiiliinii
ufaltmanin Oniinii kapamistir.Yeni tasarlanan sistemde kullanilan elektromiknatislar
pinleri tastyan sistemi itebilme kabiliyetini gostermistir.

Kullanilacak olan admi motorlarinin her biri adim( step) motor siiriicii ile siiriilmesi
On goriilmiistiir. Bu siiriiciilerin bir tanesi mikroislemciden iki adet genel giris ¢ikis
sinyaline gerek duymaktaktadir. Bir tanesi adim motorunun kag¢ adim atmas1 gerektgi
digeri is hangi yone donmesi gerektigini tayin etmektedir. Motorlarin hareket
kabilyetlerini MATLAB iizerinden, segilen entegrenin ¢alisma diizenigini modelleyen
bir sistem olusturularak test edilmistir. Istenilen hedefe veya pozisyona ulasmak i¢in
yon ve adim sinyalleri tayin edilmistir. Simulasyonlardan alinna sonuglar sisteminin
On goriilen yiik degerlerinde diizgiin ¢calistig1 goriilmiistiir.

Pedallar, Braille goriintiileyicisi, pin tasiyici gibi parglarin SLA denilen deneysel bir
tic boyutlu basim teknigi ile iiretilmesi istenilen geometrik toleranslar1 saglamistir.
Ancak montaj esnasinda yasanan problemler sistemin ¢alismasina engel olmustur. Bu
pargalarin mekanik dayanimlar1 ve esneme 6zellikleri igersinde konan regine degerine
gore degismektedir. Mukavvemetleri kalinliklarina bagli olarak artmakta olup
beklenmedik sekilde kirilmalara sebep olabilmektedir.

Modiiliin mekanik motajlar1 yapildiktan sonra, pedallar nokta kombinasyonlarini
gostermek i¢in bir mikroislemci tarafindan kontrol edilen adim (step) motorlariyla
hareket ettirildi. Ancak pedallarin Braille goriintiileyiCisinin iizreinde hizada gitmesi
icin acilan yollarda olusan siirtiinmeler ufak adim (step) motorlar1 zorlanmasina ve
yanmalarina sebep olmustur. Pedal kullanilarak elde edilmek istenen mekanik ¢iktilar
elde edilmistir. Ancak sistemin dayaniklilig1 ve tekrarlanabilirligi kullanilan tiriinlerin
ve malzemelerin 6zelliklerinden dolayi istenilen seviyeye getirelememistir.

Onerilen yeni Braille sistemi enerji tiiketimi ve finansal olarak elektromiknatis
sistemlerinden daha pahali olmasina ragmen piezo sistemlerine gore daha ucuz
kalmaktadir. Sistemin iiretimi yaklagik 150 dolara yaklagmakta olup, batarya tiikketimi
stirekli kullanimda 5 saate kadar ¢ikmaktadir. Araliksiz olarak 17000 defa yeni harf
dizisi olugturabilmektedir. Bu sayilarin arttirabilmesi i¢in enerji kaynaginin veya pilin
enerji kapasitesi arttirilmalidir. Giig tiiketiminin sebep olan parcalarin step motor ve
elektromiknatislarin oldugu diistiniildiigiinde bu tiriinlerin ¢alismasi gii¢ tiiketimlerine
degil boyutlarina baghdir. Bu yiizden bu parglarin de8isme koulu sadece
dayanimlarinin gergeklestirmedigi zaman diisiiniilebilir.

Ayrica Onerilen bu sistemin diger sistemlerden farki sistemin tasinabilir olmasidir.
Sistemin iiretimi ve testleri esnasinda yasanan problemler kullanilan veya iiretilen
iriinlerin dayanimlarinin fazla olmamasindan dolayr kaynaklanmaktadir. Montaj
esnasinda olusabilecek en ufak bir geometrik kayma sistemin ¢alismamasina sebep
olabilmektedir. Bunun i¢in dayanimi ve tork degerleri daha yiiksek vida mili
bulunduran adim (step) motorlar1 segilmelidir.
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1. INTRODUCTION

1.1 Research Topic and Purpose

The Braille reading system is based on touching individual pins. Visually impaired
people use the Braille alphabet to accomplish tasks such as reading and writing in daily
life by sensing individual pins. Nowadays, blind people reach out to knowledge
through audio and haptic (touchable) feedbacks to communicate. However, it is not
always possible to provide audio platforms continuously for all daily activities.
According to WHO, there are over a quarter billion people in the world who have
visual disabilities, 14% of them are blind, and the rest have a significant level of
impairment [1]. These numbers might increase in the future as a result of population
growth. Most of the visual impairments, approximately 80%, can be avoided or healed
[2]. According to table 1.1 and table 1.2, up to 300 million people have visually
impaired; meanwhile, 40 million are blind, and 250 million people have low vision.
Also, %90 of people who have visual impairments live in low income. More than %80
of people who have blindness are aged 50 and above. Braille alphabet is one of the
ways to increase the quality of life for people with visual disabilities. Louis Braille,
who was also blind, invented the system over two centuries ago, and it is named after
him [3].

Table 1. 1: WHO Statistics of blindness in the world population grouped in age [1].

Age Total Blindness Low Visual
Group Population  [Millions] Vision Impairment
[Years] [Millions] [Millions]  [Millions]

0-14 1848.500 1.421 17.518 18.939

15-49 3548.200 5.784 74.463 80.248
50 and

1340.800 32.160 154.043 186.203
older

All ages 6737.500 32.160 246.024 285.389




Table 1. 2: WHO statistics of blindness in the world population regionally grouped

[1].
WHO Total Blindness Low Visual
REGION Population [Millions]  Vision  Impairment
[Millions] [Millions]  [Millions]

Africa 804.900 5.880 20.407 26.295
America 915.400 3.211 23.401 26.612
Eastern 580.200 4918 18.581 23.499
Mediterranean
Europe 889.200 2.713 25.502 28.215
South-East
Asia(India 579.100 3.974 23.938 27.913
excluded)
Western
Pacific (China  442.300 2.338 12.386 14,724
excluded)
India 1181.400 8.075 54.554 62.619
China 1344.900 8.248 67.264 75.512
World 6737.500 39.365 246.024 285.389

The Braille alphabet system is a profound solution to provide a simple tool to
communicate without using eyes. Most of the Braille applications are static glyphs that
provide small vital information in common areas for visually impaired people. Braille
alphabets can vary depending on the language symbols and abbreviations. With recent
developments such as 3D printing, open-source Braille applications started to appear.
These applications can refresh the Braille text and formats. Most of these Braille
display devices use electromechanical systems that can transfer texts such as articles
news, messages from a computer, or even cell phones to Braille display. Each character
can be transformed into the Braille alphabet. The combination of pins provides a span
of pin layouts. Thus, it makes these electromechanical systems sufficient enough to
represent all characters. The electromechanical system in Braille displayers always
operates or moves one direction against gravity. The device usually used in the same
position where the pins always move upwards. However, in order to use these devices
more in daily life, blind people should be able to carry the display device without

causing any hindrance.



A Braille display cell contains six or eight dots arranged in three rows, two columns.
Alternatively, four rows two columns of cells and raised with different combinations
to represent letters, numbers, and symbols. The cell must be fit a specific mechanical
size. The dots are embossed as glyphs and can be read by passing the index finger over
glyphs. Braille alphabet first started to be implemented in textbooks as static glyphs.
Lately, refreshable Braille devices have become popular. Braille is an alphabet, not a
language a way to express words. Therefore, every language may have a way of

expressing letters or expressions. [4-7].

Refreshable Braille devices may offer many benefits for visually impaired people.
Importantly, they require much less space than a Braille book. Hence the user can use
the device anytime without trouble. Such a device can be programmed to display any
desired data; it reduces the amount of space needed to compare to printed Braille
books. Today, these devices can interact with smartphones and computers and increase
the user’s experience with the technology. A survey conducted among students shows

that students use static Braille less than the dynamic Braille displayers [8].

There are two types of grades of Braille. Grade 1 Braille provides a large number of
pins to present multiple letters, signs, or special Braille characters individually. It does
these tasks simultaneously, which is considered for significant texts or documentation.
Grade 2 Braille was designed for minimizing space considerations. Instead of showing
each character in grade 2 Braille, regularly used words can be represented within a
single cell. A Braille device has to include additional formatting marks, which have to
correspond with other written languages, such as the number and letter sign.

There are potential users of Braille displays are worldwide 266.450, which results in a
percentage of 4% of the overall population and 93% of all blind and severe visually
impaired people [1]. Another survey was done by the British Royal National Institute
of Blind People that participated partially blind and blind people, most of them adult
aged. %80 of visually impaired people have their computers or smartphones. These
people spend their time on computers or smartphones to do tasks such as
communicating (e-mail, messaging), reading or writing documents, and surfing the
internet [9]. Also, the survey asked people who do not use Braille devices, and most
of them found it too expensive and costly also too complicated to use. These people

mostly in a groupage above 65.



The main goal is to design a Braille display device which is capable of having simple
use features. There is a various amount of Braille displayers; however, there is a lack
of movable (easily deployable) refreshable Braille displayers in industry. One of the
solutions is to create a smartphone case where it will provide Braille display behind

the phone case. To create such a device, this thesis will rely on:

Evaluation of Braille cell technologies
Design and development of 3D printable components
Implementation of open source available resources for the software application

Design and implementation of required electronics

1.2 Literature Review

1.2.1. Braille alphabet definition

Braille is a tactile writing system that is used by visually impaired people. The
Alphabet consists of combinations of six or eight different dots raised, representing
the different letters and abbreviations in a language, as shown in Fig. 1.1.

Combinations may differ for languages, and may or may not contain abbreviations.

= a b c d e f h i j
Braille Alphabet 9 )
L] - . L L] .- .0 . - .. .
L L] . . . .. . .
The six dots of ) ’ ’ ’
) 1e04
the braille cell are 205 k 1 m n o P q r [3 t
arranged and numbered: i1eec
L .o LL] . .0 e - - . L d
. il L . . . . .
. . L] . L] . L]
The capital sign, dot 6, ] 4 u v w X z
placed before a letter 2 5 . . . . ..
. 3 . G L .o . . .
makes a capital letter. b bl . . b A
Excla-
The number sign, dots 3, 4,56, g?g:::lal gitsr:‘lber Period Comma nnﬁn::tlon 2:;::‘- m:‘lém qOE:trLIng :‘I:;stieng

placed before the characters N

a through j, makes the numbers d e . *e * Y H H HY .
1 through 0. For example: a preceded
by the number sign is 1, b is 2, etc.

(AR
[ X X ]
o

Figure 1. 1: Braille alphabet for the English language [10].



1.2.2 Standards for writing braille

A Braille letter occupies the same amount of space regardless of the number of dots.

Therefore, some conventions are followed by Braille producing countries. Table 1.3

shows the size and spacing for Braille dots.

Table 1.3: Size and spacing for a Braille cell.

Measurement Range

Minimum in Inches

Maximum in Inches

Dot Base Diameter

Distance between two dots in the same cell

Distance between corresponding dots in adjacent

cells
Dot height

Distance between corresponding dots from one cell

directly below

0.059 (1.5mm) to

0.063 (1.6mm)
0.090 (2.3mm) to

0.100 (2.5mm)
0.241 (6.1mm) to

0.300 (7.6mm)
0.025 (0.6mm) to

0.037 (0.9mm)
0.395 (10.0mm) to

0.400 (10.2mm)

One convention that is commonly used and published by the National Library Service

for the Blind and Physically Handicapped of the Library of Congress [10]. Also, in

Fig. 1.2, Braille dot distances specifications are given.

Figure 1. 2: Braille dot distance specifications according to EU Standards [11].



1.2.3 Braille display

Braille displays focus on converting texts from a given input into Braille characters by
creating displacements on Braille dots; by doing so, it creates a touch sense for the
reader. Many types of methods proposed to complete this task, such as linear Braille,

rotating Braille, and panda Braille [12].

Linear Braille displays use actuators like magnetic, piezoelectric, and pneumatic. Each
dot in a cell requires to have an actuator. This type of Braille displayer has been more
popular amongst the other type of Braille displayers because of their more
straightforward structure. Users can read the characters by sliding their fingers through
the cells. The size variations of the display can reach up to 100 characters
simultaneously. Thus, most of the linear Braille displayers are made on large scales.
An example of large scale linear Braille displayers is a device developed by Bristol
Braille company [5]. The company focused on providing large scale Braille cells such
that the reader would not bother with switching to the next readout frequently. It has

672 actuators. Thus, the device requires a continuous power source.

Rotating Braille first developed in the USA by the National Institute of Standards and
Technology (NIST). This device requires a relatively less amount of actuators and can
create a longer length of characters [13]. The system includes two rotating wheels with
different combinations of pins set in groups of three. Readers can place their fingers
on the part of the wheel exposed, and the device creates a static line for the text. These
devices are sophisticated compared to linear displays. Also, it has fewer cells
compared to linear Braille displays. The combinations of cell groups used for

describing certain words or time and dates.

Panda Braille methodology creates an electrical impulse that is sufficient enough to
give a sense of Braille dot and not harm the reader. This type of device requires serious
calibration and safety standards. Electrode layers represent Braille dots, and when
these electrodes layers came in contact with the finger, the pulse is sent. This method
reduces the cost due to less amount of mechanical parts are used. However, there are
no records of testing the device on subjects [14]. A comparison has been made amongst
the types of Braille, and the following table is created [12]. Table 1.4 shows the
comparison of Braille display types.



Table 1.4: Comparison of the different types of Braille displays

Braille Mechanism Design Reliability Cost
Complexity
Linear Braille Braille cells * kel Fhx
Display along the length
of the device
Rotating A rotating wheel *** ** **

Braille Display  with Braille
cells along the

surface
Panda Braille Electro folsiad * *
Display cutaneous

stimulation

The review on Braille displayers shows the most efficient also, the cheapest method is
to move pins with linear translation. One of the new generation Braille display device
was designed by a company called Perkins. The Perkins Mini is capable of connecting
smartphones and computers via both USB and Bluetooth. Also, it has its SD card in
which users can put their text documents. The device has 16 cells, each cell with eight
refreshable dots. The capability of this device shows the integration capability of

Braille devices. However, the cost of Perkins Mini is around 15008$. [15].

1.3 Hypothesis

The Braille display is designed to operate behind the mobile phones on a small scale.
Therefore, an electromagnet is designed to operate the dots individually controlled
with an input-output expander integrated circuits. However, the size of the
electromagnets has made it impossible to provide electrical efficiency. Thus a new
method has been suggested. Instead of controlling each dot individually, a group of
dots will be controlled with mechanical constrains to press dots combinations. The text

data are taken from the mobile phone via Bluetooth connections.






2. DESIGN

Most of the Braille display applications designed to have a Braille displayer, a
keyboard, and interfaces modules. That does not mean all functions have to be
provided in a Braille display product. However, specific tasks must be considered. For
example, to be able to provide data to a Braille display, the display needs a USB or a
Bluetooth connection. Unlike stationary Braille displayers, mobile displayers require
rechargeable battery via battery charger or USB. The prototype design and
development lies in high interoperability between the most widely used devices using
open standards. Additionally, it has to use the technologies that will reduce the
manufacturing costs compared to available devices significantly. Fig. 2.1 shows

Braille display components.

Bluetoath 30 Card Rechargeable
Interface Inte rface Battery
\‘/ Wireless Charging
USE Interface Microcontraller | -
i II
‘\_._ Audio and Haptic
1 Feedback
Radio Keyboard Braille Cells

Figure 2. 1: Design of hardware components regarding the Braille display

The basic requirements are deducted from Braille market research as well as state
of the art devices [16]:

o Refreshable display of minimum of eight cells each holding six-dots

¢ Reading the content of files on an SD card for stand-alone operation

e Computers and portable devices can be connected via USB and Bluetooth

e Eight Braille input keys and space bar



e Four-way arrow and selection control keys

e Two panning control bars

e Date, time and calculator function

e Rechargeable battery with additional wireless charging

e Audio and haptic feedback
However, the main goal of this project is to design a phone case that will provide
Braille displays. Therefore, it is not necessarily providing all essential requirements.
The smartphone case provides Braille pins when the user wants to read characters from
the mobile phone. By neglecting some of the requirements, it will be possible to

increase the battery usage time.

2.1 Braille Cell Technologies

One Braille cell must have at least six dots, which each dot has to individually
controlled. Thus, cell dots can be embossed in a combination referring to the desired
character. To be able to emboss each dot, there are certain actuator technologies. The
most three used topologies are the piezoelectric, electromagnetic, and micro motor
based mechanisms. However, there are unique topologies, such as shape memory alloy

and electroactive polymers [16].

2.1.1. Piezoelectric braille cell

The most common mechanism used for operating Braille cells is the piezoelectric
actuators. The Braille cell consists out of piezoelectric bimorphs. The system has PCB
and mechanical construction to drive pins. However, a high voltage of 200V has to be
applied, which will bend the bimorphs through electric excitation with the desired
elongation. Those bimorphs are connected to a lever that embosses a dot of the Braille

cell. [17,18]. In Fig. 2.2 a piezoelectric Braille module can be seen.

Figure 2. 2: Piezoelectric Braille module with eight dots [18].
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2.1.2 Electromagnetic braille cell

This type of Braille cell, each dot is moved by electromagnetic actuators. Small
magnets can move up and down that are placed in a cylindrical component between
the coil. Two ferromagnetic materials magnetic force attraction hold the dot in the
desired position. A project covering this technology is the so-called Modular Low-cost
Braille Electronic Display (MOLBED). This project is constructed and designed in a
way to produce the module as cheap as possible. [19] However, each coil will be driven
with H Bridge topology to move bidirectionally. Also, all electromagnetic actuators in

Braille displayers operate in one direction. The design can be seen in Fig. 2.3.

Modular Brallle Character,
“Maker Friendly” version

6 Indrvidual Pins

Character PCB
(haids the pans, conpects the cols)

Breaoboard compatible,
6 x 2 ping, O.1" connectons

Figure 2. 3: Design of the Braille cell using an electromagnetic concept. [19]
2.1.3 Motor based braille cell

The small-sized motors are used in a variety of applications, such as positioning lenses
in image applications. Fortunately, these motors can be used as positioning dots as
well. There are various motor types such as step, dc vibration motors that are capable
of moving an object in millimeter dimensions. Vibration motors are used to move each
dot individually. Thus, one motor requires to move a single dot. By tapering the
metallic mass on the driveshaft of the vibration motor, it is possible to lift a pin

vertically up and down if it turns to a certain degree [20].

2.2 Implementation

2.2.1 Actuator

An actuator considered to operate bidirectionally in the Braille displayer. The design

considerations and constraints have taken into account, such as Braille display
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standards. A solenoid is the best selection for the considered actuator. The solenoid
will contain a coil winding a plunger and neodymium magnets each side of the
solenoid. Solenoids are used for multiple applications such as locking, translation
move, switching. The design of solenid is vital to provide enough force to be able to
move an object to a certain distance. The commercially available electromagnets either
consumes much power, or they do not fit in the physical dimensions to be able to

operate Braille display standards.

2.2.2 Actuator driving

Bidirectional solenoids are used in valve operations and linear movement applications.
Solenoids consist of windings rounded a ferromagnetic material, plunger, relays, and
springs. Due to its inductive characteristics, the movement of the plunger changes the
dynamics of magnetic circuits. Thus to obtain a precision movement, physical
modeling is required. In order to drive solenoids bidirectional, the winding has to take
current from two directions. H- bridge topology is capable of providing positive and

negative voltage by using switch-mode components such as bipolar junction transistor.

2.2.3. Mobile phone support

A Bluetooth connection allows pairing a Braille display with smartphones. Thus, it is
possible to extract messages shown on the smartphone display and transfer them to the
Braille cells. A smartphone operating system called Android has an application service
called Braille Back. The settings of the operating system and can be activated when
required. As soon as a supported Braille device is connected, the touchscreen behavior
changes. Swiping and tapping on the screen will highlight elements on it and display
the information on the Braille device. It is required to tap twice or use the buttons on
the Braille keyboard to perform a click event if there is one. Similar to Android and
Apple includes support for Braille displays and readers. These assistive technologies
are implemented for the most widely available and known Braille displays products.
For Bluetooth communication, the BLE5 module will be used [21]. The
communication between the module and the central processing unit is achieved

through Universal Asynchronous Receiver Transmitter (UART).
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2.2.4. Battery system

The battery has to be charged in a proper way to use its lifespan as much as possible.
Thus, a battery control unit is needed, which can track current and voltage values also
inform the microprocessor when the battery is at a critical level. The battery will be
selected as Lithium-ion or polymer houses a capacity of 380mAh at 3.7V output
voltage [22]. Depending on the solenoids operation voltage, a boost converter will be
applied as well. For the battery controller unit, TP4056 module is selected. The
integrated circuit has set limitations for voltage limitation at 4.2V and maximum

current drainage at 1 ampere [23].

2.3 Actuator Design

The design concept of electromagnets consists of two parts. One is the plunger or
moving part; the second part is the static parts, such as the coil and magnet parts. The
plunger can be a softcore metal or a ferromagnetic metal. The coil must be wrapped
around the plunger’s move traction. In order to provide enough electromagnetic force,
the turn ratio must be high to lower the current value. Choosing a cross-section of
copper will allow putting more turns on the design; however, it will limit the amount
of current flowing through the copper, which is 4 Ampere per mm?. The permanent
magnets can be used to provide constant electromagnetic force to keep the plunger in
specific positions to maintain it without activating the coils. As mentioned before, most
of the Braille displayers had one direction of actuation. However, since the cell phones
can be held multiple directions, including towards and against the direction of gravity.
The electromagnet has to operate bi-directionally along the plunger’s path. Also, it
must be able to carry both finger pressure force and gravity force as well. The equation

of plunger force can be estimated as in equation 2.1.

_ (ND*xpo+A

o 2.1)

where N is the coil turn, I is coil current, and A is the area length units squared p, is
the permittivity constant and g is the distance between the coil and the solenoid. The
plunger must be able to carry 50mN force, including its weight. The plunger has been
selected as a softcore metal that has 2g weight. Thus the total force must be higher

than 60mN including the dynamic load of the plunger during the startup.
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2.3.1. Solenoid equations and circuit

The solenoid can be considered as an inductance-resistance circuit because of having
winding copper components. However, inductance value changes depending on the

location of the plunger. The voltage equation can be taken as equation 2.2.
. OLi . 9 .ol
V—R*l-l—E—Rl-l-Lat-l-lat (2.2)

The levitation force that has been produced in the core of the coil. This force is a
combination of block and ring magnet’s interactions with the magnetic field created

by the coil. The magnetic field strength of a coil is defined as

where N is the number of turns, [ is the length of solenoid and I is the current going

through the coil. Then, the magnetic field intensity is
B = Hum (2.4)
where u,, is the magnetic permeability of the area.

A solenoid essentially acts as a cylindrical magnet; therefore, it can be modeled as one
for the force calculation. For simplicity, the bottom block magnet will be modeled as
a cylindrical magnet as well with similar dimensions. In the case of the top ring
magnet, ring magnets’ magnetic properties are obtained with radius R, extracted from
another cylindrical magnet with radius R2. Suppose the system is positioned at
cylindrical symmetry axis z. Superposition theorem applies for magnetic calculations,
so total force acting on the core can be written as in equation 2.5.

ﬁtotal = ﬁ1 + ﬁz (2.5)

where 131 is the force between the bottom magnet and the coil. 17"2 is the force between
the top magnet and the coil. The force between two magnets can be expressed as the

derivation of the total system energy, E
F, = —VE (2.6)

then the interaction of two magnets can be expressed as in equation (2.6).

0E aj
F,=-o_= 2nu0M2R3a—Zd (2.7)
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where u, is the permeability of the gap, J, is the dipolar coupling integral, M is the
saturation magnetization of the magnet and R is the outer radius [24].Dipolar coupling

integral is defined by Beleggia and De Graef,

oo J2
Ja(ry,7,8) = 2 ;L8 sinh(qr,) sinh(qr) e~%dg (28)

where § = Z /R is the reduced distance between the centers of magnets Fig. 2.4, J;(q)

is a modified Bessel function, t; , = L/2R is the aspect ratios of the cylinders [25].

TZ
M, 0_\

2R

)

Z=R¢

M,

2R Y+

Figure 2. 4: Position of 2 magnets attracting each other[25].

If the integral converges uniformly, expression in equation 2.9 can be rewritten [24].

— 2 +°°]%(Q) . . -q6
Fz = —8nK4R? || q—zsmh(qu) sinh(qt,) e"9°dgq (2.9)

Ky = ugM?/2 is the magnetostatic energy constant. Here, it is suggested in [28] to

convert the integral into a more suitable form for numerical evaluation, then integral

becomes,
A%, (a,b,c) = [ x* e~ %], (bx)], (cx)dx (2.10)

Equations 2.11 is a representation of hyperbolic integral in terms of exponentials, and

the integral in Eq. (2.9) transforms into,

F; = —2nK4R?Y . _1i-j-A% (6 + ity +it,,1,1) (2.11)

ij=
According to an article published in 1955 about integrals involving Bessel functions,
AY, is defined,

(2+0.502%)k @
T

A% (@,1,1) = 2 E(k) - K(e?) + (2.12)
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where k2 = 4/(4 + w?), and K and E are complete elliptic integrals of the first and

second kind [27]. Complete elliptic integrals of the first and second kind are defined

respectively [28].
1 dt
K(k) =
() fo V(A —t2)(1 — k2t2)
E(k) = [} S dt (2.13)

By using equations above, the force between two magnets of the same type can be
calculated. An example code is written in MATLAB. The code is given in Appendix
A. However, this solution assumes magnets are the same type and similar in
dimensions; therefore, it will not be accurate for the solution of this project. When it
comes to forcing analysis between two magnetic objects with different stats, it is quite
a challenge to come up with an analytical solution [28]. Therefore, the FEM solution

is used for calculations.

2.3.2. Mechanical equation

The mechanical model gives information on the plunger’s position, velocity, and
acceleration, which is affected by the different forces such as actuators, load, and the
movement induced force. By deriving the acceleration from Newton’s second law of
motion states that the acceleration is equal to the sum of all forces divided by the
accelerating mass. The accelerating mass is considered as the plunger.

e Actuator force: The force generated by the coil in the closing direction.

e Movement induced force: The force exerted by the finger touching the dots.

It has been said that magnetic actuators in Braille displays require every dot to be
controlled individually. This increases the amount of space that actuators will occupy

significantly. Therefore, the design of the actuator is a significant and challenging step.

2.3.3. Modeling

A 2D model of the desired actuator was created before actually analyzing and
optimizing at first. The model was made arbitrarily to get an idea of the system. The
design is quite similar to magnetic actuators currently in the market. Additionally, a
permanent ring magnet was added to the system. The two-dimensional model of the

actuator is shown in Fig. 2.5.
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Figure 2. 5: Initial 2D model of the magnetic actuator.

Types of the materials that are selected are shown in Table 2.1. Neodymium magnets
are known with their high magnetic flux density; therefore, they are commonly used
for electromagnets. The plunger has been chosen iron core because the magnetic field
effect may not be able to move lighter materials due to being less ferromagnetic. Soft
iron core increases magnetic field strength moderately, due to its high relative
permeability. The coil material is selected as copper, which has high electrical
conductivity and pretty standard for electromagnetic actuators. The gauge size of
copper is taken 0.4mm to have enough current limit value as well as enough turn in a

confined area.

Table 2.1: Types of the materials planned for the actuator

Material Type

Magnets Neodymium type permanent magnets
Plunger Soft Core

Cail Copper Wire

2.3.2. Design constraints

The final form of the Braille display is desired to be relatively small and easy to
assemble. To achieve that designed actuator must satisfy the requirements. These
requirements highly depend on the spacing standard of a Braille cell, and they are quite
strict. Parameters that have been used in design can be listed as:
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e The maximum distance between two dots in the same cell is 2.5 mm. Therefore,
ring magnet and coil diameters should not exceed that value.

e The height of the actuator does not affect the cell spacing. However, it has been
limited to a maximum of one cm long so that the design size would be as thin
as phone cases.

e Keeping power consumption at a minimum level. The maximum current value
should not exceed 100 milliamperes.

e The plunger must not move larger than 0.5 +- 0.25 mm

2.3.3 Simulations

A Braille dot has to generate a minimum of 50 millinewtons holding force. This value
is an essential requirement for the actuator. Therefore, the main goal of the simulations
is optimizing the actuator around that requirement. Simulations were made using
ANSYS Maxwell, which is a finite element analysis software designed for magnetic
studies [29]. A transient type of study has been created, and a 3D model of the desired
actuator has been made in Fig. 2.6. The transient study is a great way to perform force

analysis. It allows the user to define each parameter freely and obtains accurate results.

2.3.4. Material selection

Maxwell provides a large list of materials to be used, previously decided material types
have been added to the solution. Specifications of the materials are given below. In
Fig. 2.6, the 3D Model of the electromagnet is shown.

N35 (NdFe35) Type Neodymium Magnet

Relative permeability: 1.099

Magnetic Coercivity: 890 KA/m

Magnetic Flux Density: 1.23 Tesla

Bulk Conductivity: 625000 siemens/m
Iron

Relative permeability: 400

Bulk Conductivity: 10300000 siemens/m

Copper
Relative permeability: 0.99

Bulk Conductivity: 58000000 siemens/m
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Figure 2. 6: 3D model created in ANSYS Maxwell for actuator design.
2.3.5. Optimization

Optimization has a vital role in physical model designs. Due to precise dimensions,
sizes and working in a small range. Force analysis between two magnetic objects is
quite a challenge to come up with a finite element solution [30]. Therefore,
optimization is made by manually manipulating parameters and comparing the results
of the finite element analysis. The optimization of finite element analysis uses the
genetic algorithm, as is shown in Fig. 2.7. The program steps up or down changeable
parameters depending on the outcome. The outcomes must be identified with
modeling, thus having a mathematical equation. Using the energy or power equations
will enough to get the desired result. The magnets' dimensions or material
characteristics will not be included. The optimization will be carried out on Ansys
Maxwell [29]. Then, the Genetic Algorithm population properties have been set in Fig.
2.7. 1000 iterations and 2 hours elapsed time have been chosen from the program as
stopping conditions. 4 parents have been chosen among the best fitness value and a
new generation of 30 individuals is created from randomly chosen parents’ offsprings.

In Fig. 2.8 the set of properties of genetic algorithm has shown.
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Figure 2. 7: A simple representation of the optimization process of Maxwell Ansys
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Figure 2. 8: The Genetic Algorithm population settings in Maxwell

The force on the z-axis has chosen as an objective function, and the maximizing

property has been, which can be seen in Fig. 2.9.
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Figure 2. 9: Selection of objective function and solution type.

The optimization problem consists of two main elements:

Obijective Function: Primary concern of an optimization problem, which is wanted to

be maximized or minimized.
Constraints: Criteria that define the limits of the objective function.
After that optimization problem for magnetic actuator design can be defined as
follows:

Objective Function

e Maximizing holding force (min 50mN).

Constraints
e The outer diameter of the coil and ring magnet should not exceed 2.5mm.
e The inner diameter of the ring magnet should not be less than 1.5mm.
e Current flows through the coil should not be more than the current capacity of

copper wire.
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Figure 2. 10: Assignment of the variables and constraints for optimization.

The constraint values of the parameters can be seen in Fig. 2.10. Also in Fig 2.11, The
two-dimensional drawing of the electromagnet is shown. Parameters that are

manipulated for optimization are:

ro : Outer diameter of the ring magnet
r . Inner diameter of the ring magnet
rc : Diameter of the copper wire

hr : Height of the ring magnet
hc : Height of the coil

hi : Height of the core

hs : Height of the block magnet

dr : Distance between the ring magnet and coil
ds : Distance between the block magnet and coil
N : Number of turns

| : Current

22



Rp

J

nc

"l

[
0 15 3 (mm})

Figure 2. 11: 2D drawing of an electromagnet with parameter positions.

As mentioned earlier outer diameter of the ring magnet should not exceed 2.5mm and
inner diameter should not be less than 1.5mm to provide a passage for the plunger.
Therefore, ring magnet dimensions cannot be changed. Same as ring magnet, the inner
diameter of the coil is bound to the core; therefore, it has kept the same. The outer
diameter of the coil depends on the length of the coil and the diameter of the copper
wire. It is not included in parameters, because it cannot be directly controlled. Since
windings need to go over, equation 2.15 has been used to calculate outer diameter

(dimensions are in millimeter).

2
r foc +15 (2.15)

Distances between magnets and coil are important because longer distances might not
be sufficient enough to provide enough force. Meanwhile, shorter distances might lock
the plunger in the middle due to the static magnetic field of permanent magnets. The

current must be controlled to prevent wire damage.

The outer diameter has been found as 2.5 mm using equation 2.16, to be able to find
coil resistance and inductance coil length must be known. Coil length can be found
with equation 2.16 below.

I = 21K, Yk &e (2.16)

N
(o4
1 2
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After that resistance and inductance can be calculated as in equation 2.17 and equation
2.18 below.

~ Plc
R=2 (2.17)
L = M4 (2.18)
lc

where p is the resistivity of the wire and defined as 1.724x10°8, A is the cross-sectional
area of the wire, N is the number of turns and p is magnetic permeability. Then

resistance and inductance are obtained as 120Q and 90 mH, respectively.

After running several simulations, optimized values of the parameters have been found

that are shown in Table 2.2.

Table 2.2: Optimized values of the parameters

Parameter Optimized Value
Ro 2.4 mm
Ri 1.6 mm
Rc 0.05 mm
hr 1 mm
hc 4 mm

hi 3.5mm
hs 1 mm
dr 0.5 mm
ds 0.5 mm
N 750

| 0.1A

After running simulations with optimized values, it is seen that optimization came up
with satisfied the objective function previously defined. The optimized finite element
results are shown below. Approximately 65 mN of holding force has been obtained,

as shown in Fig. 2.12.

XY Plot 1
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1
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Figure 2. 12: Force-Time graph of the actuator simulation

24



XY Plot2
0.50

Curve Info |
7 — Position J
— Sefup1 : Transient
0.40 —
1 L
£0.30 —
£ 4
p= 4
=] B
ﬁg’ 4
0_0.20 ]
0.10 —
OOO T T T T
0.00 0.20 0.40 0.60 0.80 1.00

Time [s]
Figure 2. 13: Position-Time graph of the actuator simulation

Fig. 2.13 shows the desired 0.5 mm displacement. It can be seen that the core does not
start moving until a certain amount of time. The current value needs to be at a certain
value to generate enough force to move the core. Also, a certain amount of time is
required to overcome the magnetic force that is holding the core. In Fig. 2.14 the
current of the coil is shown. At first ten milliseconds, the slope of the current graph
changes because the core started to move, which changed the magnetic response of the

system.
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Figure 2. 14: Current-Time graph of the actuator simulation

Coil properties have not been graphed. Instead, they are calculated as follows.
Outer diameter: 2.437 mm
Coil inductance: 138 mH

Coil resistance: 92 ohm
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Furthermore, the effect of the ring magnet is examined. The ring magnet was removed
from the solution, and simulation is repeated. Fig. 2.15 shows the holding force

decreased drastically without the top ring magnet.
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Figure 2. 15: Force-Time graph of the actuator simulation without ring magnet

2.4 Alternative Design

Although the electromagnet operates with satisfactory ranges, it consumes much
power. Fig 2.14 shows the current value to hold the plunger is 600 milliamperes. To
be able to drive each dot, the system requires 144 1/O to operate all electromagnets.
Assuming each electromagnet will be driven with H-Bridge, which will use four
transistors. Even with 1/O integrated circuit packages, the system becomes too
complicated. Therefore power consuming. The designed system requires 100
milliamps to be able to operate at a satisfactory level. The selected 1/0 expander can
provide current up to 160 milliamps. However, the amount of actuators is making the
system non-operational in the long run. Also, considering the cost, the production, and
operation method of these electromagnets, a practical method is required by lowering

the number of actuators.

The portability concept of design on a mobile phone size creates many constraints
during the designing process. The selection of the new actuator will have to provide
multiple operating dots. However, none of the actuators in the commercial can do that
task alone. Actuators require specific physical-mechanical constrain to able to perform

numerous dots.
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2 phase step motors are widely used in cameras to position lenses and other objects.
These motors provide high speed and low torque ratings. Although they provide low
torque values, these motors are precise when it comes to positioning. The size and
power rates of these motors are suitable for small-sized electromechanical
applications. To be able to move objects linearly, these motors attached with a linear
ball screw, which propagates along the screw as the motor rotates.

Considering the size and operation constraints, one commercially available step motor
has been found. A Chinese vendor called AIYIMA has a step motor with a 3mm
diameter and an 8mm screw shaft that operates between 3.3V and 5V in Fig 2.16 [31].
The windings resistances are 15 ohms.

Figure 2. 16: Micro Step Motor with Screw Rod [31].

Along with the motor, a paddle is required to move along the screw rail. Due to low
torque ratings of the motor, the paddle must be light-weighted. The stepper motor can
divide a full revolution into several steps. The motor can be moved or held at a specific
position as long as rated sized in terms of torque and speed are applied. There is a
transfer function to how much current is needed for the torque value or how much
voltage is required for the speed. Since voltage and current values depend on the
impedance of windings, both values affect the mechanical output of the step motor.
The value K defines as torque constant shows the linear relation of torque and current.
Ki can be changed depending on the construction style of the motor. The torque current

relation can be seen in equation 2.19.
T=K;*I (2.19)

T is torque | is current and K; is the torque constant. Unfortunately, there are not

available datasheets regarding the characteristics of the step motor that will be used.
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The size and mechanical shaft specifications made there were no other options to use
alternative step motors at this rating with given proper documentation.

The mechanical tolerances and the positioning of the step motor become crucial due
to the alignment of dot positions. There are six dots for each cell. Each step motor will
be responsible for displaying three dots. Thus, two step motors will be showing one

character.

The paddle must be long enough in order to provide all combinations of three dots.
Also, the height of the paddle is critical due to the platform that will be the position
under the paddles. The platform details will be discussed later on. The paddle designed
performing certain pin positions, as shown in Fig. 2.17.

-]
o0 :00
°.
O 00 O

1 2 3 4 5 6 7 8

Figure 2. 17: Pin Combinations for each three dots group.
2.5 Mechanical Design

2.5.1. Paddle

The paddle will translate over the screw rod to display pin positions showed in Fig.
2.17. Due to the size and having small geometric tolerances, the paddle can be
produced with laser or heat sintering 3D printer method. The top view of the paddle is
shown in Fig. 2.18. The paddle is 15mm long, and its height is 8mm. The height of the
paddle also determines the height of the Braille display. The height should be enough
to create space for pin movements. The higher height values may make the part more
brittle in terms of the strength of materials.
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Figure 2. 18: The paddle model from the top view.

As can be seen above, the paddle has two different hole sizes in order to provide pin
positions mentioned in the previous section. The size of the paddle can be seen in Fig
2.19. The height of the moving part will be 8mm. However, the height of the whole
design may vary due to mechanical structures. By using Fig 2.17, the truth table is

created.

5.50

Figure 2. 19: The paddle model from the side view.

The truth table configured from the pin position sets is shown in Table 2.3 below. All
characters that are used in the computer keyboard are shown with respect to pin
positions. Step motors take positions opposite sides of the Braille display. The pin
positions will be taken as distance reference to figure out how many steps that are

required to operate the step motors depending on the screw pitch. The number of steps
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can only be found after the location of the installation of step motors is established
during the mechanical design.

2.5.2. Case

The device will be designed for the mobile phone model called OnePlus 6. There will
be two parts of the device. One part is the case to hold the device next to the mobile
phone. The other part will contain mechanical, electronic components. In Fig 2.20
shows the component holder side of the device. There are small pinouts in order to
position the step motors to position respect to the Braille display. Fig 2.21 shows the

Braille device carrier side of the case.

Figure 2. 20: The Phone carrier side of the case.

- 7~

Figure 2. 21: The Braille device carrier side of the case.
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Table 2.3: Truth Table for Braille Converting

Character Pin Position Character Pin Position
A 2,6 6 3,5
B 3,6 7 2,6
C 2,5 8 8,4
D 2,4 9 1,6
E 2,8 0 7,6
F 3,5 . 8,3
G 3,4 , 8,6
H 3,8 X 4,6
I 8,5 : 8,8
J 8,4 / 2,5
K 1,6 ? 4,2
L 7,6 ! 4,8
M 1,5 @ 2,4
N 1,4 # 2,7
0] 1,8 + 48
P 7.5 - 8,8
R 7,4 * 2,8
Q 7.8 e 42
S 4,5 ”? 53
T 4,4 ¢ 5,6
U 1,2 < 3,2
\/ 7,2 > 5,4
W 8,7 ( 4,3
Y 1,7 ) 4,3
Z 1,3 Capital letter 6,2
1 2,6 _ 5,2
2 3,6 And 7,1
3 2,5 Letter 6,3
4 2,4 number 5,7
5 2,8

The carrier board is design to align or position crucial equipment in order to move the
paddles in a desired direction and magnitudes. The carrier board is a mechanical
referencing tool to montage step motors, solenoids, pin holders. Fig. 2.22 shows the

carrier board.
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Figure 2. 22: Carrier Board.
2.5.3. Step motor with screw rod

The motor model has modeled respect to given sizes by the commercially available
website. The holes on the bottom of the motor will allow the motor to stabilize itself
to the mainframe during the operation. The model of the stepper motor model is shown

in Fig. 2.23.

Figure 2. 23: Step Motor Model
2.5.4. Braille display carrier

The Braille display carrier will allow paddles to move along the path. The lines next
to the Braille holes are designed for paddles to move along. The pins will go along
holes that are dispersed by taking account of Braille display standards [10]. The
dimensions are 57mm x 10mm x 2mm. There are two holes to attach the display piece

to the mainframe with M5 screws. The braille display part can be seen in Fig. 2.24.
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Figure 2. 24: Braille Display Carrier

2.5.5 Pin headers

In order to display dots specific pins, pins have to go through the holes of Braille
display. Thus pin arrays are required to move along the path. Pins have to have a spring
attachment system when a force is applied; they have to squeeze. After the force is
removed, the pin must be retraced back to its original points. Thus a pogo pin system
has been selected with two columns 3-row pin alignment, which is precisely the same

dot amount in Braille display. The mode of the pin header is shown in Fig. 2.25.

Figure 2. 25: Pin Header Model

The whole mechanical design based on physical constraining. Items that are required

to move are squeezed certain parts in order to make sure they move only one-
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directional path. The assembly piece of motors paddles and Braille display can be
observed in Fig 2.26.

Figure 2. 26: Assembled parts of Braille Displayers

The whole Braille mechanical system’s exploded view has shown in Fig 2.27. The
pogo pins will be carried out towards the Braille display part by a generic
electromagnet.

Figure 2. 27: Exploded view of Braille Displayer.

The exploded view of mechanical systems has shown in Fig 2.28.
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Figure 2. 28: Exploded view of the Mechanical Assembly

The whole mechanical model, including the electronic components, can be seen in Fig
2.29.

Figure 2. 29: Isometric view of the design model
2.6 Electronic

2.6.1. Topology

Step motor is used in precision applications in the industry due to its basic winding
structure, size, and driving topology. Solenoid requires four outputs to push the
plunger bidirectionally, and two phases step motor also requires four outputs for each
phase in and out. A step motor driver integrated circuits available commercially which
operate step motors. The step motor driver can be controlled from microprocessors
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Depending on the rotation amount, the operation cycle must be determined to track the
position of the paddle on the rod. To minimize the generally proposed input-output
pins are used to command step motor drivers. The other option will be using the input-
output expenders as considered for solenoids. Although, input-output expander
integrated circuits are cheaper than step motor drivers, for the sake of easy, direct and
efficient driving step motors are driven with step motor driver integrated circuits. Fig.

2.30 shows the operation flow of the device with a step motor driver.

Battery Control Unit 7.6V 1400maAh
Charge » TP4056 > Battery
P -, String STEP
UART
Data —
‘ E;;']'”F'Cgt‘?gﬁ }<_> Bluetooth HC-05 —»  STM32F103C8 Direction Dmsa%‘ﬁ:ﬁ“ N
—_—
Y Moving ¥ N
Faddle
Paddle Positioning Micro Step Motor
B —— | —

Figure 2. 30: Operation flow of Braille Display with Micro Step Motor as an actuator.
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Figure 2. 31: Operation flow of Braille Display with Micro Step Motor as an actuator

controlled without a motor driver.

The Fig 2.31 also shows another workflow except micro-step motors is driven with
generic input-output expenders. The output current of I/O expander integrated circuit

is @ maximum of 50 milliamps. The selected step motor can operate at 50 milliamps;
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however, under the slightest load, the rod does not move. The resistive and the
inductive values of windings vary. The gauge size or the turn size is not available to
consumers. For the resistor, each phase value between 15-20 ohm value. The inductive
value was measured around one and five micro Henry. The measure was done with a
generic LCR meter. Considering a load of the paddle, although it is less than 2gr, the
maximum value of operation current for step motors taken as 160 milliamps.
Therefore, the 12C input-output expenders cannot be used for this application.
However, the integrated circuit can be considered for large module control systems

where no current output is used for actuator source.

2.6.2 Components

The Braille display will be controlled with a microcontroller board set with a 32-bit
ARM Cortex- MO0 chip. The set has a microprocessor speed up to 72 MHz. It provides
32Kbyte Flash along with 8Kbyte RAM, 12 analog input and output ports, hardware
Serial, Serial Peripheral Interface, 12C connections a total of 27 input-output pins
[32].STM32 F103C8 Bluepill is a development board housing the ARM Cortex MO
processor chip with all required communications port and a power supply. The headers
of the board can be attached to the main circuit board. In order to drive the motors, a
step motor controller integrated circuit DRV8834 by Texas Instruments will be used
[33]. The driver requires direction and the amount of step that the motor needs to take,
which can be provided through the microprocessor with generic input-output pins. The
motors rated current value is 120 mA. The usage of the step motor driver provides
logging for positions of paddles on the screw rod. Thus it will be easy to locate the
position of paddle compared to driving motors with an input-output expender

integrated circuit. A step driver carrier is given Fig. 2.32.
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Figure 2. 32: DRV8835 Step motor driver carrier.

The carrier has required resistors to set fault voltage and limit current values for step
motor drivers. The current limit value can be set by regulating the potentiometer. The
maximum operation current of the driver is 1.5A. In order to operate the micro-step
motors, the current limit has been set to 160 milliamps. Fig. 2.33 shows the schematic

of the motor driver carrier.
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Figure 2. 33: DRV8835 Step motor driver Schematic [33].

The distance of the screw mill is small, as well as the screw pitch. One full step means
one rotation of motor which means the mill carrier will move along the size of a screw
pitch. Thus the step will always be set to full cycle. The period of movement or

occurrence of step can be given in general pull up signal according to datasheet [33].
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Figure 2. 34: Timing diagram of the motor driver [33].

The frequency of the step signal is 1kHz. In order to activate the driver for the first
time, the integrated circuit must be enabled to “nSleep” pin with a high step signal.
Afterward, direction and step size will be provided. As seen in Fig. 2.34 step signal
must have a high and a low signal in a single period [33]. The amount of square will
define the amount step that will be taken by the step motor. The electrical behavior of
step motors creates specific problems. The current flowing in the windings does not
discharge instantaneously. Thus there is a decay time every time a step winding has
been excited. However, the decay can be dampened faster with a decay resistor, but
this will create a voltage drop. The speed of the rotor has to operate, considering the
decay time, which is small. Also, considering the rated current value is 160mA

shortens the decay time as well.

OmA -

Figure 2. 35: Winding current in a period [33].

The operation voltage of the step motor is recommended at 5 volts. Tempering with

the dampening effect may drop the voltage value. Although the step motors can operate
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under the rated value, it is not efficient as to do so as well as ending up having lesser

torque value as well.

The motor was selected depending on its mechanical features, such as being small and
having a screw rod. However, mathematical modeling is needed to understand the
capabilities of the step motor. Step motors are brushless direct current motors that
require no encoders since they can accurately move between their many poles. These
poles are designed with magnet teeth. Due to that, one rotation of a stepper motor
requires current exchanges through the windings. Another feature of the stepper motor
is to be able to operate in the open-loop constant current mode. Thus no encoder is
needed since there is no space for encoders on a 3 millimeter-sized diameter motor.
Unless step motors are operated out of their rated values, step motors usually don’t
lose steps. Also, steppers are capable of stabilizing and holding at their positions
without fluctuation, especially under dynamic loads. The Braille paddle does not need
to move instantaneously, where stepper motors are the optimal choice for low-speed

applications.

Traditional step motors can operate in a constant current mode. The continuous current
flow can heat the windings. Therefore, stepper motors may require a resting period or
a limitation on current value. The winding impedance and supply voltage determine
the current flow; however, the current can be limited by a stepper motor driver or a
power electronic circuit pretending the total impedance or load is much higher, which

will result in lowering the current value.

By using the datasheet of the selected stepper motor, a control simulation will be
prepared. The controller method will be the same one DRV8834 analog circuit control.
In order to move the rotor, the windings are excited with supply voltage; thus, creating
a current, an electromagnetic field is generated. The collision of electromagnetic fields
from both windings and magnets forces the rotor to find its superposition, which is the
balance where two magnetic forces cancel out each other. Equation 3.1 and 3.2 show

the current change for each phase A and phase B.

di; — (va—-Rip—ep) (3 1)
dt L '
di; — (vg—Rig—ep) (3 2)
dt L '
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Where R is the winding resistance, L is the winding inductance, i and ig are the A and
B phase winding currents, va and vg are the A and B phase winding voltages. The rotor
movement will be depending on the speed, amount of magnet teeth, and the angle. The
rotor generated an induced voltage on the windings, which cause voltage drop
depending on the angular speed and teeth amount for each phase A and B as shown in
equation 3.3 and 3.4.

eA=—Kmawsin(Nyb) (3.3)
eB=Kmwcos(Nyb) (3.4)

Where ea and eg are the back electromotive forces (EMFs) induced in the A and B
phase windings, respectively. N is the number of teeth on each of the two rotor poles.
The full step-size parameter is (/2)/Nr, e is the angular rotor speed. and @ is the rotor

angle. The mechanical load can be calculated in equation 3.5.
d
J ==+ Bo=Te (3.5)

Where Te is the electrical torque, J is the inertia of the rotor and B is the rotational

dampening of the rotor. The generated torque formula is shown in equation 3.6.
Te:—Kmia— e, Rm Sin(Nre) +KmiB_ es Rm COS(N[‘@) —TdS|n(4Nr9) (36)

Where Km is the motor torque constant, Rm is the magnetizing resistance, Tq is the
detent torque amplitude, which can be given 0 for steady-state applications. By using
the equations above the plant, the model is prepared. Matlab has a stepper motor tool
that provides a parameter input interface to design a controller. The modeling is used
in Matlab Simulink where a model of the stepper motor is generated. Fig. 2.36 shows
the simulation model of the selected stepper motor.
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Figure 2. 36: Stepper motor drive diagram in Simulink

The driver has a discrete comparator. The values that are given from STEP and DIR
can be taken as high or low conditions. DIR value determines the direction of rotation
of the stepper motor. The direction value activates the line of activation of windings.
STEP value determines the number of steps that will be taken. The signals must be
synchronized as in Fig. 2.32. The driver STEP value triggers the lref reference value.
Depending on the activation, the lrf value is given to the gate driver. Each gate trigger
comes from a high value of the STEP driver. However, before current approaching
windings, the driver has a shunt current measurement system as there are 2 for each
phase for DRV8834. The block diagram of the driver can be seen in Fig. 2.37.
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Figure 2. 37: Open-loop controller for the modeled stepper motor.

The register of values will be discretely taken into account. Thus zero-order holders

are used in order to operate the system in a desirable period. Also, the comparison of
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signals may take time; therefore, the signal must be delayed on purpose. DRV8834 has
a current measurement system where checks out whether the current value is at Iy
value or not. The movement of full revolution movement, also electrical and

mechanical outputs be seen in Fig. 2.38, and Fig. 2.39.
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Figure 2. 38: The stepper motor’s Shaft Angle-Speed vs. Time graph

Figure 2. 39: The stepper motor’s winding current (Phase A-B), torque, shaft angle,
back emf voltage (Phase A-B), angular speed graphs vs. time

Fig. 2.40 shows the phase current and voltage values of one phase of the stepper

motor. The maximum current value is 160mA, and the maximum power dissipation
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is 0.8 watt. However, the average power dissipation can be considered as 1.6 watts

since there are two windings on the motor.
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Figure 2. 40: The stepper motors phase current voltage and power dissipation values
with respect to time.

The time to take full revolution depends on the stepper motor design. The amount of
poles affects the rated speed of the motor due to the back electromagnetic force, which
generates a voltage drop on the windings. The simulation is done with the motor

characteristics. The values of the motor characteristics are given below.

R: Winding Resistance 15 ohm

L: Winding Inductance 7 pH

e Step Angle: 18 Degrees

e Torque Constant: 0.0009 Nm/A

e Maximum Detent Torque: 9e-6 which be taken as zero (kg.m/s)
e Total inertia of rotor: 1.2e-7 (kg.m?)

STEP and DIR signals are generated in order to initiate the simulation or the
movement. The motor will do a full step movement clockwise then a half step
movement counterclockwise. In order to achieve the desired movement, a pulse signal
is generated, both STEP and DIR for 0.1 seconds. Then only a square wave of the
signal is generated for STEP signal and DIR kept 0. The signal of both STEP and DIR
are shown in Fig. 2.41.
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Figure 2. 41: STEP-DIR signals for the simulation

The phase voltage and current values have to correlate with torque and angular velocity
movements. Fig. 2.41 shows the simulation results of applying STEP-DIR signals in
Fig. 2.31. The motor draws 0.15 amperes maximum. Also, the cogging torque is so

low that it does not affect the angular positioning.

AANASSALLSL

Figure 2. 42:Simulation results of applied STEP DIR signals.

Each graph in Fig. 2.42, the angular position, the angular speed, the torque, phase
currents, and voltages respect to time will be shown in Fig. 2.43, Fig. 2.44, Fig. 2.45,
Fig. 2.46 and Fig 2.47 accordingly. The most relevant results are the angular
positioning when the step signal goes to 0 at 0.1 seconds. The motor continues to move
clockwise 0.5 seconds more. The cut of step signal is crucial due to the dampening of
current, as mentioned in Fig. 2.23. 0.1 second step gives the driver to go 180 degrees’
rotation in 1000 steps. The STEP signal determines how fast the step motor needs to

go to the desired position. Thus the angular speed can be adjusting accordingly.
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Figure 2. 43: Angular position of stepper motor respect to the time

Figure 2. 44: Angular speed of stepper motor respect to the time

il

'

Figure 2. 45: Generated torque of stepper motor respect to the time
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Figure 2. 46: Phase currents of stepper motor respect to the time

Figure 2. 47: Phase currents of stepper motor respect to the time

In order to operate the stepper motors, a library file has been used as an open-source
that can be used for microprocessors such as Arduino, STM, and Teensy. The library
has stepper motor driving classes as well as moving multiple stepper units at once for

3D printer applications. The code is given in appendix B.

For communication HC-05 Bluetooth module is used in order to connect every mobile
phone in the market. The microprocessor communicates with the HC-05 Bluetooth
asynchronous UART protocol. However, the receiver pin of the HC-05 Bluetooth
module works with 3.3 volts while the microprocessor works at 5-volt maximum.
Therefore, between the microprocessors transmitter pin and receiver pin of the
Bluetooth module, there must be a voltage divider to protect the receiver pin. The

power consumption of HC-05 during transmission is stated by 40 milliamps [36]. The
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circuit is supplied with a lithium-polymer battery, which has the highest power weigh
ratio in the commercial market due to the lack of space. The circuit is located in the
back frame part where the motors are located. The area of the circuit covers the full
size of the inner part of the back frame. A 3.7 volt 380 milliamp per hour lithium
polymer has been selected for powering the circuit. However, a future implementation
can be done on the mechanical design to create more space for larger power capacity.
This will likely increase the thickness of the module. Instead of having a lithium
polymer battery, a lithium-ion battery can be installed. Such as The Sony Li-lon
houses a capacity of 2600mAh at 3.7V output voltage. The motor drivers and
microprocessors need 5V to operate. The microprocessor carrier has its voltage

regulator to operate the microprocessor at 3.3V.

However, the step motor driver needs 5V in order to operate with enough torque lower
current values. It is possible to supply 3.3V to the motor, but the motor may not be
able to move the paddle with all the friction and side forces applying to the Braille
displayer. This action may result in a stall or may miss micro-steps along the way. A
stall can harm the windings. Each motor driver was set to draw 150 milliamps per
windings. For moving the rotor, two windings must be supplied with 150 milliamps.
The traveling of the paddle along the rod occurs less than 2 seconds. During the
rotation steps for each half rotation, only two windings are active. Thus means one
carrier will consume 120 milliamps per hour. There are 8 of the carriers which make
total battery usage of motors will be 960 milliamps per hour. For every paddle to travel
on the whole rod, the motors will consume 0.88 milliamps per second.

The step motors provide positioning of paddles. The pins need to be pulled and pushed
up and down after and before getting the paddles into their position. The
electromagnets are used for moving the Braille pins by moving a carrier. Fortunately,
there are commercially available solenoids which look like the designed electromagnet
in chapter 2. The solenoids have 5miliHenry inductance and 30 ohms. Electromagnets
datasheets are not given; therefore, the turn and copper gauge values are not known.
The electromagnet is modeled as an inductor and resistor circuit. The inductor and the
resistor values are five mHenry and 25 ohms, respectively. The circuit has been driven
with 5 volts supply voltage, and it is shown in Fig. 2.48 that single actuator draws 0.42

amperes, which is satisfactory enough for the desired response.

48



CURRENT GRAPH
SPBm- Re(2)

400mM
3008m
200m
1868m

B.00

—180m
66 .00mM 68.00m 70 .00m

Figure 2. 48: The current graph obtained from PROTEUS simulation.

The pin carrier is made of 3D printing material around 2 grams adding the six pinouts,
which each weights 2 grams whole carrier is 14grams. The solenoids are capable of
carrying out this weight. In order to drive these solenoids in bidirectional, a H-Bridge
module will be used. In order to provide enough current, a Darlington circuit will be
used. The transistor is connected with flyback diode from the ground to remove the

remaining inductive current flowing in the windings.

The motor driver schematic can be seen in Fig. 2.49. Due to lack of space, only 8 step
motor drivers are installed. The microprocessor circuit schematic can be seen in Fig.
2.50. The printed circuit design of Braille display in three dimensions can be seen in
Fig. 2.51. The printed circuit board of the circuit can be seen in Fig. 2.52. The traces
were too small due to lack of space even though the two-sided copper layer has been

used.
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Figure 2. 49: Motor Driver Carriers Schematic Layout
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2.7 Software

In order to gather text data from the phone, an android application has been selected
for data gathering. The mobile application mates with the HC-05 Bluetooth module.
The module is left at enable position as soon as the device is powered up. The android
application transfers each character in ASCII code. ASCII provides a decimal
indication of each letter and symbols used in daily language. The English language has
been selected for the application. Fig. 2.53 shows the communication layout of the

Braille module.

Bluetooth
Module
(HC-05)

Vdd

.

Figure 2. 53: Communication Layout.

The HC-05 module communicates with a mobile device at 115200 baud rate due to
Bluetooth standards of mobile phones. However, for the UART protocol, the baud rate
can be changed. Since each character takes 8 bits each, the baud rate does not have to
be as fast as Bluetooth connection. Thus the baud rate of UART communication
between HC-05 and STM32 modules is taken 9600 baud rate for decimal readout. In
order to read it hexadecimal, the baud rate will be taken 0x2580 bits/s to minimize the
parity errors. Each character will be sent three times to check the parity errors. Since
only four characters will be able to display on the board. The algorithm is based on
predefined arrays of characters and their binary counterparts. Binary representation is
obtained by setting raised pins to 1 and the others to 0, starting from top left to right.
For example, the binary equivalent of the letter “A” is 100000, and “G” is 111100.
After taking user input, the corresponding indexes of the characters are found in letters
array. Then, using those indexes binary expressions obtained from binary values array.

Afterwards corresponding pins are set to high and low.
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Figure 2. 54: Communication layout and setting on STM32.

STM32CubeMX provides pinout and communication setting arrangements on a java
supported platform. During the setting, the program gives warnings related to the
capability of selected microprocessors, depending on the usage of functionalized
pinouts. Fig 2.54 shows the UART settings of the microprocessor. The word length
indicates the number of bits that will send for one character. A character is defined
with 8 bits; thus each transmits will identify a character. However, the read access
memory value of the microprocessor cannot keep an infinite amount of characters,
although it has 8 Kbytes. Since 1 byte is 8 bits, the microprocessor can hold up 8000
characters. There is a significant amount of characters that can be kept in RAM for
single usage. However, for simplicity, the storing character amount has been held at
96 characters. The microprocessor will shift the logged characters stored in the RAM
as it displays on the Braille display. The shifting command will come from a force
sensor there. The user may able to pressure the sensor with the index finger while
finishing the readout of Braille display. The sensor will generate a high pulse where it
will be a command to shift the next character group to the display. The workflow of

the algorithm is shown in Fig. 2.55.
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Figure 2. 55: Algorithm flow cycle of STM.

The lack of robustness of step motors and screw rods may not work well on an open-
loop controlled system. Due to the limited area and lack of amount of input-output
pins, there is no alternative way to measure the position of paddles except keeping the
last movement of the paddle. However, the mechanical failures of screw rods or even
paddle itself may disable the system. The distances that are required to take are
measured in computer-aided drawing program SOLIDWORKS. The paddle length,
the position of holes on the paddle, and the screw pitch can affect the number of steps
that will be taken into consideration in order to move the paddle to the required
position. The screw pitch is 0.5 millimeters which means in one revolution of the rod
will move itself 0.5 millimeters along the screw. By programing the motor driver to
take a half step the rod can be move half revolution which moves the rod by 0.25
millimeter for each step time command has been delivered. Eight positions were
needed for Braille display for a single paddle. To be able to get these eight positions,
the paddle needs to move the exact location. Due to working with small-sized items
with a lack of robustness, it is hard to get low geometrical tolerances. By using a
computer-generated drawing program, an assembly has been made to measure the

distances required to get the step amounts, which is shown in Fig. 2.56.
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Position 1 Position 2 Position 3 Position 4
No distance 1mm 4 Step 1.75mm 7 2.5mm 10
Steps Steps

Position 5 Position 6 Position 7 Position 8
2.75mm 11 3.5mm 14 5mm 20 5.75 23
Steps Steps Steps Steps

Figure 2. 56: Layout of a paddle for each position.
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3. RESULTS

3.1 Components

The components that were designed for the alternative method produced by using SLA
type 3D printer ordered via company and PCB printer by LPKF D104. Fig. 3.1 shows
the display carrier and pinheads assembled from the top view. In Fig. 3.2 the Braille

displayer can be seen.

Figure 3. 1: The Display Carrier and Pinheads.

Figure 3. 2: The Braille Displayer.

However, the paddle and the Carrier Board geometry have some defects. The
production of the paddle with 3D printer machines was not successful due to the small

size dimensions of the paddle. The paddles on the motor is shown in Fig. 3.3. For the
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size comparison, a ten kurus Turkish lira has been put next to the paddles. Due to the
paddles' small size, the strength of components has become fragile. Fig 3.4 shows the
damaged paddle. The line extrusions are not strong enough, as well as the rod
connector part. Moreover, the rigidness of the carrier board has created bending along
the longitude of the carrier board. The carrier board in the case module can be seen in
Fig. 3.5. Fig 3.6 and Fig 3.7 shows the printed circuit board.

Figure 3. 3: Paddles on the step motors

Figure 3. 4: The damaged paddle on the left, rigid paddle on the right
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Figure 3. 6: Topside of the circuit.

Figure 3. 7: Downside of the circuit.

However, due to lack of geometric tolerances, the module couldn’t be assembled. Also,
the small electromagnets were not sufficient enough to squeeze the pogo pins due to
spring and friction forces. A portable device could not obtain due to a lack of marketing

material and production capabilities. It is possible to prototype a mobile device with
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better financial and logistical support. In order to prove the stepper motor technique,
another design has been done and produced, which has larger space, and electronic
parts are not confined in a case. Fig. 3.8 below shows the larger design. The size of the
displayer is 80mmx30mmx40mm. The assembly of design can be seen in Fig. 3.9 and
Fig. 3.10.

Figure 3. 8: The enlarged design for Braille display

The completed prototype module can be seen in Fig. 3.11. With stepper motor drivers

and other electronic components included in Fig. 3.12.
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Figure 3. 9: The implementation of Braille displayer.

There are geometric defections on the board due to the printing process. However, the
traces and holes do not have any problems. The circuit visuals are shown in Fig. 3.10
and Fig. 3.11.

Figure 3. 10: Top view of prototype Braille module.
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Figure 3. 11: The Braille prototype module with electronic components.

As mentioned in the electronic design, the step motor driver will generate phase steps
depending on the desired location of paddles. The generated outputs from the desired

cycles position 1,4 and 7 are given in Fig. 3.13, Fig.3.14 and 3.15.

Figure 3. 12: Motor Driver Phase output for position 1.
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Figure 3. 14: Motor Driver Phase output for position 7.
3.2 Displays and Failures

The design of paddles and step motors did not work at a satisfactory level. The paddles
could not move along the Braille displayer unit due to the rough surface of 3D
components. Also, the step motors could not keep up the constant current applied on
the winding. The motors require rest time to be able to operate again in healthy
conditions. A proper surface mount device connector for the step motor terminals,
could not be found due to sizing limitation. The connectors are connected to the circuit
via surface mounted device pads. However, during the soldering applying heat to the
connection may have damaged the stepper motors’ insulators. Removal or damaging
of insulators in windings may create shortcuts, which means less turn ratio, torque and

step inaccuracies. However, a replacement of the current stepper motor could not be
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found within the same size in terms of screw rod and motor casing diameter. Choosing
a larger and more robust stepper motor would provide better accuracies and easier
assembly. However, a larger stepper motor will increase the physical size of the Braille
holes and distances, which will not be in Braille standard, as mentioned in chapter 1.
The solenoids operated well continuously and managed to carry pogo pins and squeeze
them under the pallets. Adding a capacitor parallel to the solenoid terminal provided
faster excitations. As can be seen in Fig. 3.15 the solenoid can operate every 2 seconds.
Considering the alignment of paddles and readout process. One Braille read cycle will

take more than 5 seconds.

0s
v(12v,02:1)

Figure 3. 15: The Solenoid Operation Cycle.

The small micro-step motors are tending to break down quickly. During this project,
out of 60 micro-step motors are broken down during the tests and assemblies. The
electromagnets were sufficient enough to enforce pins to move; however, the Braille
carrier started bending rather than moving the pinhead. Fig. 3.16 shows the bending of
the pin carrier.
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Figure 3. 16: The Braille-Pin Carrier bending on the mechanical loading.

The motor failed due to constant current applied on the windings. The positions of
desired locations are gathered to prove the mechanical part of the system. Fig. 3.17
shows the positions 2-4-6 the figure Fig. 3.18 shows the position 1-3-5-7. Position 8
cannot be achieved without a longer screw rod. The location of the furthest point on
the screw road does not emboss the single pin in the middle. A larger screw rod with

the same diameter stepper motor is needed to operate the paddle system entirely.

Figure 3. 17: Embossment of Position 2,4, and 6.
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Figure 3. 18: Embossment of Position 1,3,5 and 7.

3.3 Braille Cell Costs

Braille cell technologies are evaluated in terms of their cost. As mention in the
introduction, the comparison was made between piezoelectric, electro-mechanic and

motor-based mechanisms.

The cost of a Braille cell with a piezoelectric mechanism with eight refreshable dots is
estimated at 35 USD, which is equal to 4.38 USD per dot [17]. The cost of a single dot
with an electromagnetic Braille cell technology is 0.85 Euros [20]. Assuming there are

six dots, the total price is 5.1 Euros for a one-character display.
The design for the electromagnet method costs per 6 dots is shown in Table 3.1.

Table 3.1: Cost of Single Electromagnet Design.

Name of part Price ($)
3D Printer Part 2
Copper Winding 0.5

Magnets 10
Plunger 0.1
Soft Iron 5

The total amount of the creation of six pins is 23.2 dollars. Since there are six groups
of dots, the complete module costs 139.2 dollars. The design for the motor method

costs are summed in Table 3.2.
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Table 3.2: Cost of Single Cell with step motor Design

Name of part Price ($)
3D Paddles 4%

Step Motor 16$
Step Motor Driver 2%
Carrier Cost 1$

Braille Displayer 1$

The total value for the six dots group becomes 9.4 dollars. The total amount becomes
56.4 dollars.

3.3.1 Cost of electronic components
The costs for the required Printed Circuit Board with the equipment are shown in Table

3.3, including the components and board production.

Table 3.3: Cost of Electronic Equipment of Step Motor Design

Name of part Type of Material
Copper Board 3%
STM32 Blue Pill 2%
Step Motor Drivers 24%
Battery Charger Unit 2.5%
Boost Converter 4%
HC-05 Bluetooth 3%
Lithium Polymer Battery 3.7V 4%
380 mA

Step Motors 10%
Solenoid 1$

3.3.2 Cost of 3D printer Components

The cost of Polylactic acid (PLA) is way cheaper than Stereolithography (SLA). The
PLA components were used for coverage of the equipment inside the product, whereas
SLA components were designed to be small in dimensions with having low geometric

tolerances. Table 3.4 shows the cost of 3D Components of step motor design.
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Table 3.4: The Cost of 3D Components of Step Motor Design

Name of part  Type of Material Amount Price($)
Case PLA 1 10

Case Cover PLA 1 4
Paddle SLA 10 50

Pin Holder SLA 1 15
Pogo Pin Copper 8 8
Paddle Carrier SLA 1 25

Without achieving low geometric tolerances, the paddle system may not work or has
to be calibrated. Thus SLA products are much expansive than the PLA products. The
total cost of mechanical products is 112 $. The total cost of the Braille displayer

prototype can be seen in Table 3.5.

Table 3.5: Total Cost of Step Motor Design

Name of part Type of Material
Mechanical Parts Cost 112 $

Electronic Parts Cost 535%

Screws Inserts Pins 5%

3.1.3 Cost comparison of Braille cells

The total material cost of all required components for the Braille display are listed in
Table 3.6.

Table 3.6: Cost comparison of Braille Cells

Name of part Number of Cells Cost Per Dot Cost Per Cell
Piezo electric Cell[17] 8 4.375 35
Electromagnetic Cell[20] 6 0.85 5.1

Motor Based Cell[35] 6 0.338 2.03
Portable(Step)Motor Based 6 1.56 9.56

Cell

The motor-based and the electromagnetic based cell displayers can be implemented on
a portable scale for the mobile phone application. However, the design cost would be
higher than the mentioned value in Table 3.6 above. Also, the thickness and weight of

the material would be higher than the current suggested design.
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3.4 Power Consumption

The power consumption of the Braille display depends on the usage. Thus there will
be two types of battery life span calculated one for the standby mode, and the other

one is for continuously reading.

3.4.1 Standby power consumption

By using a 5V voltage supply, the Braille display has an average current consumption
on standby around 28mA where the microprocessor and the Bluetooth are on sleep
mode. STM32 consumes 20mA where Bluetooth module consumes 8mA [32, 36]. The

calculation is shown below in equation 3.1.
P=UxI=5Vx28mA = 140mW (3.1)

The battery used for the suggested design has 370 milliamps per hour, which leads to
a battery life close to 13 hours. The amount of battery discharge can be calculated with
the equation shown where C is the capacity of the battery, and I is the standby current

consumption. The standby duration can be calculated by using equation 3.2.

€ _ 370mah
tstandby - 7 28mA

= 13.2h (3.2)

3.4.2 Power consumption in use

Compared to the standby consumption, the usage of step motors will increase the
energy required for the Braille cells. Assuming paddles will always move the furthest
distance on the screw rod.

As the prototype of the Braille display houses six cells, it is assumed all paddles move
long the whole screw rod. The time to complete the travel is less than 1 second. The
ability of step motor drivers is set to operate a higher revolution per second up to
10000. However, the step motors are not reliable when operated at higher speeds. For
this prototype, the paddles will travel rod in around 1 second. The rod needs to rotate
25 revolutions to reach to the end of the rod. Thus in the longest distance, the step
motor will consume 200 mAh in 1 second. According to the DRV8834 datasheet, the
power dissipation of the motor can be calculated as in equation 3.3.

Power = I ,ccou” * (Highside Rpseon) + Lowside Rpsors)) (3.3)
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Assuming the maximum current is 200 milliamps, the root means the square value of
the maximum current will be 120 milliamps. The resistance value of field emitted
transistors value is given 1 ohm at 35 degrees Celsius [33]. Each solenoid consumes
400mA when the pins of solenoids push the Braille carrier to the display. The dots can
be read within 2 seconds. Thus, the active operation of solenoids is taken as 2.5
seconds. The time to complete the embossed process for 6 characters takes 6 seconds.
2 seconds for aligning the paddles 2 seconds for the readout process than the last 2

seconds for retracting the embossed pins. The equation 3.4 shows the tiine calculation.

tline = tclear + talingment + temboss + tread (34)
= 2.2+2+0.2+2=6.4seconds

During the clearing, alignment and embossing time, eight motors will be driven which
each of them will consume 115mA around 4 seconds in total for one cycle. The
solenoid will stay excited during embossment and clear time also 4 seconds as well.

Table 3.7 shows the current consumption for one embossing cycle.

Table 3.7: Current usages of electronic equipment during the embossing
cycle

Name of part Operation Operation Battery Usage
Current (A) time(s) (Ampere per second)
Step Motors 960 mA 4 1.77 milliamps
Solenoids 400 mA 4 0.56 milliamps
Bluetooth 40mA 5 0.208 milliamps
STM32 Blue Pill 60mA 6 0.112 milliamps

The Bluetooth module will not consume 40mA continuously since it sends characters
when it is needed. The total amount of battery usage of one cycle can be calculated as
equation 3.5 bellow.

Battery Usage = Istm * tline + Istepmotor * (tclear + talingment)Isolenoids*(tclear + temboss) (35)

The total battery usage for the one-line cycle is 7.6 mA per second. The battery has

370mA per hour. The amount of cycle repeat can be found by the equation 3.6 below.

Total Charge (mAh) (3 6)

Amount of cycle =
One cycle Batter Usage(mA per s)

where

_ 370mAh*3600(s/h) _
Amount of cycle = Y5 = 17526 (3.7)
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The emboss cycle can be done 17500 times if the operation times are divided as
mentioned above. However, for continuous operation of whole items would drain the

battery less than an hour.
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4. DISCUSSION

Comparing the variety of concepts for Braille cells, this study focused on an
intertwined product where the system can be used in any condition. The focus lies on
prototyping and manufacturing the design in an affordable and easily reproducible
manner while obtaining mobility usage. The piezoelectric effect has the advantage of
easy access and high precision. However, the dots require high voltage to be embossed.
In order to achieve high voltage, a boost converter is needed.

Moreover, the cost for the cells, even in a higher amount, is not efficient and
economically viable for piezoelectric systems. The boost converter operation
efficiency drops due to an increase in the voltage value. The promising concept using
an electromagnetic mechanism shows a possibility to be manufactured as a prototype
using commercially available materials such as neodymium magnets and soft iron
cores. Although the cost of designing such systems is cheaper due to the size problem
spacing problem occurs in order to comply with Braille display standards. Also, the
number of dots can be implemented to the module as long as the thickness of the
module can be increased. However, the downside of using electromechanical systems
has too many individual parts. Also another problem that has not been investigated is
the requirement to balance the electromagnetic effects such as mutual inductance in
order to operate them without hindering each other. By using micro motors, either
direct cuirrent or step can provide cost-efficiency among other types of Braille
technologies. The number of actuators and the complexity of design can be decreased
as well as power usage. Required mechanical components can be implemented or
modified attached to the module by using three-dimensional printing. Producing 3D
materials with low geometric tolerances are not cheap. Not all 3D printing methods
provide rigid products in terms of small dimensions and strength. Any slightest
dimension error can cause failure in the system. There are cases in mechanical design

that requires low geometric tolerances regardless of the size of the pieces. General 3D
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printing materials do not provide enough geometric tolerances such as PLA, ABS. In
order to obtain robust and consistent production, such as the Selective Laser Sintering

method, thus increases mechanical production price.

Operating step motors individually with general input-output pins increases input-
output terminals. Also STM32 blue pill model does not have enough general input-
output pins to control all step drivers at required conditions such as waking up the
driver, setting the voltage and current limits or changing the step size. Therefore, an
integrated step motor driver circuit is needed which has communication protocol such
as SPI, 12C. Thus, the control of multiple motor drivers can be achieved with limited
general purposed input-output terminals. The dot size dimension within a cell is
designed according to the recommended standard referred to as Marburg Medium. The
motor and electromagnet type of Braille displayers have a problem with satisfying
Marburg medium standards due to their size. Thus the spacing between the cells and
the dots is way larger than the standards recommend. However, with the paddle
system, the distance between the dots and the cells is kept the same as the Marburg

standards stated.

The module was designed to be compact, easy to use, and light-weighted as one of the
purposes of this device is handheld usage. For handheld usage, high battery life is
needed. However, having a large battery would make the module heavier. Also, the
center of weight would shift to the battery side, which may cause comfort problems.
The battery used in the prototype is standardized in size and can be replaced easily as
required. During the development phase, batteries with higher capacity were
unavailable for delivery. The current battery life span with continuous work can last 5

hours. Enlarging the battery would certainly increase the life span of the battery.

The case is designed for 6 Braille cells, which can display up to 6 characters. However,
the modules are not easily replaceable, but it can be extended or shortened depending
on the mobile phone size. The mechanical pieces can be produced in large scale plastic
production rather than 3D printing. The cost of mechanical parts can be lowered in
large amounts of output. Although the step motors are small and fast, they are not

capable of working under the slightest force exerted on them.

Braille alphabet varies significantly in the languages and alphabets. Not only the

abbreviations also concerning special characters and punctuations can affect the pin
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layout of each character. The current state of the development of the Braille display,
there is a hardcoded Braille chart implemented only for English. The table has to be
expanded to other languages as well. The language selection for the user can be made
before the device is delivered. A significant improvement would be to store predefined
and adjustable Braille tables of the desired languages on it. By doing so may help the
user and the distributor to set the device in a state of most prominent advantage. The
mobile software application that has been used for communicating with the module
was a generic Bluetooth connection application for non-commercial use. A Braille
display software must be created to convert Braille formats, depending on the format
store messages, texts, or documentations, and set the settings of microprocessors via

the application.

Due to the failures of chosen components such as step motors, fragileness of paddles,
time limitations, and lack of funding, the step motor Braille module couldn’t be
completed. Although the designed module has promising features such as offering
mobility, power usage, the module is yet to become available to users. There has not
been a mobile carriable Braille displayer either as a single product or a product that
operates with a mobile phone. Thus this study may offer an essential effect on the
Braille displayer industry. To achieve it, commercially available better step motors
must be used, which have a similar sizing as used in this thesis. But with better
robustness and more straightforward assembly methods, the designed Braille module
can be operated without failures or deflections either in electronic and mechanical

components.
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5. CONCLUSION

Braille displayers are getting more popular and smaller each day with unorthodox
methods and operation topologies are presented in the industry. The amount of people
who are having dysfunctionalities in the world always provides a market. However,
the preference of these people will always determine the usage of these Braille devices.
The focus lies on the possibility of manufacturing Braille cells referring to CAD
drawings via rapid prototyping technologies, and the micromotor based Braille
topology shows excellent promises. Further improvements on the design have to be
made in order to increase the life span of the battery and having an operational linear
actuator with small spacing and reliability. Software applications either for
communication and embedded are implemented using either open-source resources or
free available products such as the communication between the Braille displays with

mobile phones.

The dynamic Braille designed in this thesis has flaws both in mechanical and electronic
concepts. The Braille standards made mechanical paddles and other related parts so
small that they cannot be produced consistently. The number of actuators, whether
electromagnets or step motors, more extensive or comprehensive microprocessors,
must be selected in order to operate efficiently. The concept proves that a mobile
Braille display can be manufactured and developed through prototyping techniques as
well as controlled with a microprocessor. All the concept and implementation prove
that a braille display can be manufactured and developed through prototyping
techniques as well as open source software applications in order to decrease the

costs significantly while keeping state of the art technologies.

Due to the failures of chosen components such as step motors, the fragility of paddles,
time limitations, and lack of funding, the step motor Braille module could not be
completed. Although the designed module has promising features such as offering

mobility, lower power usage, the module is yet to become available to users. There has
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not been a mobile carriable Braille displayer either as a single product or a product that
operates with a mobile phone. Thus, this study may offer an essential effect on the
Braille displayer industry. In order to achieve it, first, better commercially available
step motors will be used. These stepper motors will have similar sizing as used in this
thesis but with better robustness and more convenient assembly methods. Second, the
mechanical part will be revised, simplified to be able to produce quickly by using force
calculations. Thus, the designed Braille module can be operated without failures or
deflections either in electronic and mechanical components. Future studies regarded

on this topic will be continued to make this Braille module available to user use.
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APPENDICES

APPENDIX A: Matlab code for force calculation of 2 magnetic source.
APPENDIX B: The code for step motor based braille displayer.
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APPENDIX A

function F = CalculateForce(a_,L1 L2 ,R_,M)
syms t

a=a *10"-3;
L1=L1 *10"-3;
L2 =L2 *10"-3;
R =R_*10"-3;

taul = L1/(2*R);

tau2 = L2/(2*R);

sigma = (L1/2 + L2/2 + a)/R;
Kd = 4*pi*M~2/20;

sums =J;

c=-1;
b=-1;
count=1;

whilec<=1
whileb <=1

w = (sigma + ¢ * taul + b * tau2)/2;

k1 2 = 4/(4+w."2);
k1 =sqgrt(kl_2);

contsl = w/(pi*k1);
const2 = -(2+0.5*(w."2))*k1*w/(2*pi);
const3 = 1/2;

[K,E] = ellipke(k1_2);
A = conts1*E + const2*K +const3;
sums(count) = (c*b) * A;

b=b+1;
count = count + 1;
end
c=cCc+l;
b=-1;
end
sums = sum(sums);
F=(2*pi*Kd* (R"2) * sums)/10"-6;
End
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APPENDIX B

#include <TeensyStep.h>

/Iposition step ups

#define STEPUNIT 20 /DEGERLERIN HEPSINI DUZELT
#define PP_1 STEPUNIT*5

#define PP_2 STEPUNIT*20
#define PP_3 STEPUNIT*40
#define PP_4 STEPUNIT*60
#define PP_5 STEPUNIT*80
#define PP_6 STEPUNIT*100
#define PP_7 STEPUNIT*120
#define PP_8 STEPUNIT*140
#define StringBufferSize 32

#define cellCount 4

#define blueSerial Seriall

I/ The look up

static int Braille_a[2]={PP_2, PP_6};
static int Braille_b[2]={PP_3, PP_6};
static int Braille_c[2]={PP_2, PP_5};
static int Braille_d[2]={PP_2, PP_4};
static int Braille_e[2]={PP_2, PP_8};
static int Braille_f[2]={PP_2, PP_5};
static int Braille_g[2]={PP_3, PP_4};
static int Braille_h[2]={PP_3, PP_8};
static int Braille_i[2]={PP_8, PP_5};
static int Braille_j[2]={PP_8, PP_4};

static int Braille_k[2]={PP_1, PP_6};
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static int Braille_I[2]={PP_7, PP_6};

static int Braille_m[2]={PP_1, PP_5};

static int Braille_n[2]={PP_1, PP_4};

static int Braille_o[2]={PP_1, PP_8};

static int Braille_p[2]={PP_7, PP_5};

static int Braille_q[2]={PP_7, PP_8};

static int Braille_r[2]={PP_7, PP_4},

static int Braille_s[2]={PP_4, PP_5};

static int Braille_t[2]={PP_4, PP_4};

static int Braille_u[2]={PP_1, PP_2};

static int Braille_v[2]={PP_7, PP_2};

static int Braille_w[2]={PP_8, PP_7};

static int Braille_y[2]={PP_1, PP_T7};

static int Braille_z[2]={PP_1, PP_3};

char BrailleText[StringBufferSize];// a string to hold incoming data
//char position

intl6_t TextPosition; //position number

char BrailleTextToShow[cellCount+1]; /AMOUNT OF CELL TO DISPLAY
char BrailleTextCalc[32]; //loop to calculate char position

uint8_t calcPos; // position number

boolean stringComplete = false

Stepper
M11(3,11),M12(4,11),M21(5,11),M22(6,11),M31(9,12),M32(10,12),M41(23,12),M
42(12,12); I

StepControl controller;

Stepper™* celll[] = {&M11, &M12};

Stepper* cell2[] = {&M21, &M22};

Stepper* cell3[] = {&M31, &M32};
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Stepper* cell4[] = {&M41, &M42};

void setup(){
Serial.begin(9600);
/Iwhile(!Serial);
IIBT
Seriall.begin(9600);
stringComplete = false;

¥

void loop() {
char * inputBuffer;
SerialReadLine(inputBuffer);
String input(inputBuffer);

input.toUpperCase();

for(inti=0; i<cellCount && input[i] !="

{

switch(i)

{

case O:
moveMotor(cell1,input[i]);
controller.move(celll);
break;

case 1:
moveMotor(cell2,input[i]);
controller.move(cell2);

break;

case 2:
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&& input[i] I="\n"; i++)



moveMotor(cell3,input[i]);
controller.move(cell3);
break

case 3:
moveMotor(cell4,input[i]);
controller.move(cell4);

break;

¥
¥
¥
void ClearBrailleTextCalc()
{
calcPos = 0;
for(uint8_ti=0;i<32;i++)
{

BrailleTextCalc[i] = "\0";

}

void ClearBrailleTextBuffer()

{
for(uint8_t i = 0; i <= cellCount; i++)
{
BrailleTextToShow[i] = "\0";
¥

for(uintl6_ti=0; i < StringBufferSize; i++)
BrailleText[i] ="\0'}

TextPosition =0
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}

void PrepareBrailleTextFromBuffer()

{
for(uint8_t i =0; i < (cellCount); i++)
{
BrailleTextToShow[i] = BrailleText[i + TextPosition];
TextPosition=TextPosition++;
if(BrailleTextToShow[i] =="\0")
{
break;
¥
}
BrailleTextToShow[cellCount] = "\0';
¥
void SerialReadLine(char * buffer)
{
uint8 tidx =0;
char c;

while (Serial.available() && (idx < StringBufferSize-1))

{

¢ = Serial.read();
if ((c =="\n)||(c =="\r")) {

stringComplete = true;

}

else

buffer[idx++] = c;
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¥

} buffer[idx] = 0;
¥
void SerialWriteLine(String line)
{

delay(10);

Serial.printin(line);

delay(10);

Seriall.printin(line);

¥
void moveMotor(Stepper* cell[2], char input)
{
switch(input)
{
case 'A";
cell[0]->setTargetAbs(Braille_a[0]);
cell[1]->setTargetAbs(Braille_a[1]);
break
case 'B"
cell[0]->setTargetAbs(Braille_b[0]);
cell[1]->setTargetAbs(Braille_b[1]);
break;
case 'C"

cell[0]->setTargetAbs(Braille_c[0]);
cell[1]->setTargetAbs(Braille_c[1]);

break;
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case 'D":
cell[0]->setTargetAbs(Braille_d[0]);
cell[1]->setTargetAbs(Braille_d[1]);
break;

case 'E".
cell[0]->setTargetAbs(Braille_e[0]);
cell[1]->setTargetAbs(Braille_e[1]);
break;

case 'F"
cell[0]->setTargetAbs(Braille_f[0]);
cell[1]->setTargetAbs(Braille_f[1]);
break;

case 'G":
cell[0]->setTargetAbs(Braille_g[0]);
cell[1]->setTargetAbs(Braille_g[1]);
break;

case 'H":
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'l":
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille _h[1]);
break;
case 'J"
cell[0]->setTargetAbs(Braille_h[0]);

cell[1]->setTargetAbs(Braille_h[1]);
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break;

case 'K":
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'L"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'M":
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'N":
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'O"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'P":
cell[0]->setTargetAbs(Braille _h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'Q":

cell[0]->setTargetAbs(Braille _h[0]);
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cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'R"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'S"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case ‘T"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'U"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'V"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'W"
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille _h[1]);
break;

case 'Y"
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cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);
break;

case 'Z".
cell[0]->setTargetAbs(Braille_h[0]);
cell[1]->setTargetAbs(Braille_h[1]);

break;

94



CURRICULUM VITAE

Name Surname : Remzi Yalin SONMEZ

Place and Date of Birth : Cambridge 07.10.1992

E-Mail : ryalinsonmez@gmail.com
EDUCATION
e B.Sc. : 2016, Istanbul Technical University, Electrical and

Electronics  Faculty, Department of Electrical

Engineering

95



