CHAPTER 1

INTRODUCTION

Refreshable Braille Displays aim at building a bridge between digital world and the visually
impaired. With this device, a blind person can access digital information faster without tQ

traditional and annoying methods like speech synthesis.

1.1 Description

Refreshable Braille Display (RBD) is a device that displays braille scaipt f metal

pins which perform vertical up and down motion to represent th ired Bi@llle ®haracter.

Braille is a form of written language for blind people, in which cha are represented by
patterns of raised dots that are felt with the fingertips. TheggcharactesS are displayed in either
a six-dot configuration or eight dot configuration repre if\a 3-by-2 or 4-by-2 matrix. Each

character has a unique set of dots raised abO‘the .. ThePpins are used in place of dots in

case of RBDs. 3
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Fig. 1.1: Characters in braille Script

is a\@Pvice similar to any other display device, except that the output of this device is in
here are a lot of books already available in braille. But the accessibility to digital
ation has become the need of daily life. In such a scenario, depending on the braille books

paper based) and magazines does not suffice.

Currently available RBDs costs a very high amount due the expensive materials and

technologies involved in its fabrication. This project aims to fabricate a cheaper prototype of



1.1 Description

RBD by using low cost material called Shape Memory Alloy. The hysteresis property of this

material is used to achieve the basic functioning of the device.

1.2 Motivation

Today we are in the information age. We have a large number of online resources for study and
research. We access this information through visual display devices such as computer moni
tablet devices and mobiles phones. This is not the case with the visually impaired. Th

access to these resources only through speech auditory outputs and tactile display ‘

is their availability, that is, not all books are converted to audif fof@illat. Sam®is the case with

printed braille books, they are not available for all books according t emand of a user.

This is where RBDs come into picture. Like eBooks ar il§ble for normal users, RBDs can

prove to be the same for the visually impaireg user

1.3 Problem Formulation
The problem of already available RBD§4S th high costs [3]. These RBDs are based on

piezoelectric crystal based acbation ofphe pins, which cost a minimum Rs.5000-6000 per

braille character. With ing@lgasing dependence on synthetic speech, Braille literacy among

persons with blindnes ecreasing. Braille literacy plays a significant role in uplifting

come and this trend is thus considered significantly damaging "

r visually impaired users allowed to add a voice input feature which allows users

raille themselves.

24 Implemented Solution

Refreshable Braille display is a device for displaying braille characters by means of round-
tipped pins raised through holes on a flat surface. It consists of electro-mechanical actuators to

control these pins. The challenge involved in creating such a device is developing an actuator,
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and placing multiple of these together and matching the standard braille display requirements.
(1]

Currently available Braille display devices use bimorph piezoelectric actuators to control the
braille pins. These actuators are expensive and fragile © ®!. Various attempts have been made to

reduce the cost ") The proposed alternatives include actuators based on electromagnetism,

electrostatics, pneumatics, thermo-pneumatics and smart materials such as Shape Me
Alloys (SMA), Electro active Polymers (EAP), Electro rheological (ER) Fluids and
rheological (MR) Fluids. But none of these smart materials are employed in ¢

available Braille display devices successfully. !

Among the above mentioned alternatives, smart materials are prefdired bec match the
size and force constraints required in a typical braille device 4 pciilhe revieWs *1. Moreover,

the prior attempts show the applicability of this alternative.

A Voice based Refreshable Braille Display (VRBD) is hich displays braille characters
when given a voice input. The device works g the mng y:

Given a voice input to a VRBD:
1. the code in the processor recog haracter and generates six corresponding

signals for six individual pins

2. desired pins are pulled‘wn to display the Braille form of the input character

o

with voice based input can have various applications varying from a self-

1.5 Scope of.th
n

Develgpi
leami&
(¢) t
1

g a single character in Braille with an audio input through a smartphone application.

r a blind folk to a complete touch screen reading device. Keeping mind the

e and the available resources, we restrict to simply demonstrate this technology by
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LITERATURE REVIEW

According to data from the 1994 National Health Interview Survey on Disability approximately

527,000 persons in the U.S. use some type of vision device. The following tables provide a
breakdown of technology use by age of person and type of device. Q

Table 2.1: Number and Percent of persons using Vision Devices A
Ages 44 o865
AT device All Ages A 5-
and under A ua over
Total

number of Any vision device 527,000 123,000 135,000 268,000

people
Percentages  Telescopic lenses 30% i%“ T 37% 26%
of people Braille 11% 23% 17% 3%
using each Readers 19 % 10% 15%
. A bW 1% :
device out of White cane 25% 28% 36% 18%
all those Computer ‘

. ) 16% 6% 3%

who use any equipment
vision device Other 53% 42% 56% 56%

@
As shown in Table e@limber of visually impaired users using Braille script to read is less

as compayed to th other devices. Amongst these, users under age of 44 use it the most

while fo ups, other devices are preferred **Commercially available Braille
h piezoelectric bending actuators to control individual Braille dots © ®.
ucing cost of these devices have brought it down to current levels in the range

0 USD (65-100 USD per Braille character), which are yet significantly high "),

Hence, recent attempts at developing affordable Braille displays have concentrated on
developing new actuators, which are more cost-effective, as opposed to piezoelectric actuators.
Notable actuation alternatives proposed and developed for this purpose include actuators based

on electromagnetics, electrostatics, pneumatics, thermo-pneumatics and smart materials.
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Smart materials used for electromechanical actuation include Shape Memory Alloys (SMAs),
electro-active polymers (EAPs), electro-rheological (ER) fluids and magneto-rheological (MR)
fluids. No commercial Braille display has been reported, which successfully exploits any of the

above mentioned alternatives.

SMAs, notably NiTi and derived ternary alloys, exhibit interesting thermo-mechanical
properties due to their unique microstructural behaviour. Martensite twinning/detwinning
martensitic phase transformations with changes in temperature and stress lead to chara
temperature and history dependent stress—strain relations . This property is usuajfy @il
in the development of SMA based actuators, especially noted for co ialdase % space

and automation applications.

SMA based actuation, in general, offers certain distinct advantages ¢ ared to other actuation

alternatives. When compared to other smart materials, SMAs offer h§@her actuation stress as

well as strain, which is preferred for a Braille display duge d&inite requirements of stroke and

resisting force !'%!. Compared to conventional actuatjeflaltern®yes, SMAs offer a higher power

density, allowing development of miniaturey a
[11]

syaged for the size and spacing

requirements of braille
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ig. 2. 1: DIMENSIONS OF (A) 6-DOT PAPER BASED BRAILLE, (B) 8-DOT BRAILLE CELL, AND (C)
BRAILLE DOT PROFILE

Fig. 2.3 illustrates the different dimensions for size and spacing of Braille on paper and on a

Braille cell. Dimensional requirements of Braille dot and character are derived from various
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Standards practiced internationally. Prescribed sizes and spacing according to different
standards are given in ['?. It is however, impossible to conform to all standards, with a single

choice for each dimension. A single value for each dimension conforming to the acceptable

range has been chosen such that each fulfils most international standards. Table 2.2 gives the
acceptable ranges and chosen values for each dimension. Profile of a Braille dot has been C

constructed with a dome shaped top for smooth tactile perception, as recommended in '), a

for its similarity to paper-based braille. ‘
Table 2. 2: Range and Values for Various Dimensions “

A __—
Dimension Acceptable Range(mm C u
pabeRangsom) Qi g
2.5

A 2.3-2.6 .

B 2.3-2.6 | ‘ w5

C 10-13 12

D 6.0-7.0 7 6.4
N\

de 1.3-1.6 1.4

rf (.f' ‘. J 0.75
\



CHAPTER 33
SYSTEM ANALYSIS

3.1 Functional Requirements

According to the functions of the system it is divided into three subsystems as listed below. The C

functional requirements of each subsystem are mentioned along with it.

3.1.1 Input subsystem 0‘
e Acts as an interface for connecting input devices
e Fetches related data from the input device

e Interpret the necessary information from them

e Initialize the processing subsystem

e Input system can be PCs, cell-phones etc.
y a

3.1.2 Processing subsystem

o [t is the core software involved in

e [t uses data from input subsystem.

e Analyse and collect th ngessary data for processing.
e After processing it&les .cessary signals to the output subsystem.

u cm
° ! is part the system communicates with the outside world.

produce the desired braille output.

3.1.3

d be able to produce the required braille script.

ould perceive and interpret the signals from the processing subsystem and should
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3.2 Non-Functional Requirements

The non-functional requirements of the system are the following
e Safety of hardware.

e Proper cooling mechanism.

e Durable and maintainable hardware. C
e Portability. ‘

e Scalable to any text format

3.3 Specific Requirements o
Hardware requirements of the system are as follows:
e Minimum 5 Hz refresh rate.

e Communication with devices over USB.

® Micro-controller with minimum 12Hz speed for effici B communication.
o At least 40 single usage I/O lines to drive SMAs I/ es.
o At least one USB or UART port. ®

3.4 Use Case Diagram

A use case diagram at its simplest is a regresentation of a user's interaction with the system that

shows the relationship betweerﬁle user dnd the different use cases in which the user is involved.

>

Audio Input

Visually impaired l\

Fig. 3. 1: Use Case Diagram

System(VRBD)

Read Braille
Output
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System Analysis

3.4.1 Use case Descriptors

1) Audio Input
Table 3.1: Use Case Description Table 1
Use Case ID: UC-1
Use Case Audio Input
Name:
Created By: Project Team Last Updated By: | Project Team
Date Created: | 20-10-2014 Last Revision Date: | 21-4-2015
Actors: User
Description: This use case takes audio input from user
Trigger: The user clicks on speak and speaks an alphabet

Normal Flow:

1.The user start the system

2.Provides input by speaking an alphabet

3.System recognizes the audio

4.System gives user an audio confirmation of the letter recognized

Frequency of
Use:

High

Special
Requirements:

Smartphone with an audio recognition application

(M?

2) Read Generated Braille

Table 3.21 se Dc§@kiption Table 2
Use Case ID: UC-2
Use Case Read Generated braille
Name:
Created By: Project Team Last Updated By: | Project Team
Date Created: | 20-10-2014 Last Revision 21-4-2015
Date:
Actors: User
Description: This use case displays braille character on the device
Trigger: The user gives an audio input

Normal Flow:

1.The gives an audio input

2.System recognizes the character

3.Displays the corresponding braille character
4.User reads by touching the screen

Frequency of
Use:

High

Special
Requirements:

User must have knowledge about alphabets




CHAPTER 4
ANALYSIS MODELLING

4.1 Functional Modelling

A function model or functional model in systems engineering and software engineerﬁ}&ﬂ
e

structured representation of the functions (activities, actions, processes, operations) wi h

modelled system or subject area.

4.1.1 Data Flow Diagram

A Data Flow Diagram (DFD) is a graphical representation offth ow" oWdata through an

information system, modelling its process aspects.

DFD Level 0

Audio Input

Visually Impaired
person Braille Character

Refreshable Braille Display

U—v Fig. 4.1: DFD- 0 Context Diagram

Table 4.1: Data Dictionary for DFD-0

\\ E\ta Description Data Type
“ 1

The user gives audio input
Audio Input of the character to be Audio
displayed
The system generates the

Braille Character . . Braille character
Braille character of the input

10



Chapter 4

DFD Level 1

Analysis Modelling

Plain Text
format

Data
Conversion

(0.1)

Command
Generation

(02)

Actuation
of pins

03)

Fig. 4.2: DFD Level 1

Table 4.2: Data Dictionary for DFD level

Data

Plain Text

Signals to pins

DFD Level 2 {

Description

The system generates the

Plain text of recognized

audio
Correspongt
sentgto pin in: for
‘& action

%6

“ ‘ DatYType

String

Voltage

Detected
text

Voice
recognition

(0.1.1)

Selected
Alphabet

First
alphabet selection

(0.1.2)

Audio
to Plaint text
Conversion
(0.1.3)

Plain text Format

Fig. 4.3: DFD-1: Level 2

11
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4.1

Data

Text

Alphabet

DFD Level 2

Functional Modelling
Table 4.3: Data Dictionary for DFD level 2 in Fig. 4.3
Description Data Type
The system recognized ‘
o String
audio is converted to text

Only first alphabet of ‘

detected text is selected for String
display
Vo

Plain text Format

(0.2.1)

Corresponding
Braille checking

Selected
Braille
Character

Pin selection
for actuation

Signals to pins

(0.2.2)

1:\@vel 2

Ta%e ” Data Dictionary for DFD level 2 in Fig. 4.4

Data ( @ Description Data Type

Braille Character

\

Corresponding Braille
character of input audio )
_ String
character is sent to processor

for displaying

12
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4.2 Time Line Chart:

D 8 Task Name Duration Start Finish Predecessors
f BE Project 178days Fri0g-08-14 Thu 03-0415
¢ B Docunentation 160 days  Fi08:08-14  Monl6-03-13
! Problem Statement Formulation Hdays  Fri08-08-14 Fri12-09-14
¢ i Understending the Project Domain 0days  Foi 03-08-14 Thu 21-08-14
g i Presenting the topic [day  Fi208-14 Fri 2-08-144
b Finalising the Project Topic Sdays  Mon2-08-14 Fri 20-08-14
1 i Understending the Base Paper I0days  Mon01-09-14 Fri 12:09-14 6
’ Requirements Gathering Ddays  Monl30914  Sun2809-14
! a Studyand analyse the scope of the project ddays MonI3-09-14 Thu 18-09-147
0 ‘@ Study the type of videos and the nature needed Sdays R 190014 Tue 2309149
il i Formulate the Problem Statement Sday  Wed240914  Sun28-09-1410
12 System Analysis Tdys  Fril900-14 Sat 27:00-14
13 i Gather the functional requirments Sdays R 190014 Tue 23-09-149
i \E Gather the non-functional requirem ents Sdays R 190014 Tue 23-09-149
13 i Gather the software requirem ents Adays  Wed 240014 Sat 27-09-14 14
10 Modelling Jays S 280914 Tue0-09-14
" i Model the Architecture of the System Sdays  Sun28-09-14 Tue 30-09-1415
18 i Mode! the Circuit Diagram 2days  Mon20-09-14 Tue 30-09-1413
i Implementation Finalisations Bdays  Sw2809-14  Mon 011214
2 i Find all the available hardware devices required days  Sun28-09-14 Fri 10-10-14 15
2 |E Select the based ones based on there costs and other factors ddays S04 Wed[3-10-1420
& \@ Finalizing the SMA wire to be used Mdays  Wedl3-10-14  Wed29-10-1420
a B Makethefinal flov chat andprjectlow ldy  Thud0l044  Thud-10-1422
o a Studyworking in the Latex environmentandmakethepry ~ 22days  Fi3L10-4 Mon 01121423
4 Implementation Pdays  ThuOLOLIS  Mon160315
4 B Purchase therequired hardware Sy ThOLOLS Mon 03001524
a B Testthe ctaton based on SMA i Bdays  Wed0741-15 Fri 30011526
4 H  Cotingthe microcontrller Bdays  Wed 140113 Fri 30011326
& B Asenblng the hardware with microcontrolle Ddays  Tue03015  Wed1802-1528
i B Testing theprototype Ddys  Thl05  Fri0603-159
i i Scale the prototype to displaymore characters Gdays  Mon09-03-15  Mon16-03-1330
i G Test the Projec Tdys  Tuell0345  Wed2303.152
i |E Find the performance of the project and gauge it Sdays  Thu2-03-13  Wed01-04-1332

1 i |E Present and submit the Project Gdays  Thu(2-4-13 Thu (9-04-13 33

|

Fig. 4.5: Timeline Chart for BE project (August, 2014 to April, 2015)

13



4.3 Gantt Chart

4.3 Gantt Chart

May

Apr

Qtr 2, 2015

Feb Mar

Jan

Qtr 1, 2015

[Qtr 4, 2014
Oct Nov Dec

Sep

Aug

Jul

Qtr 3, 2014

Fig. 4.6: Gantt chart for BE project (August, 2014 to April, 2015)

14



CHAPTER 5

DESIGN

5.1 Architecture

Input Raw Document to Plain Text Format Controller
Devices

Convert text to Braille Signals

Y

1 Character Display

Fig. 5.1: Architecture of Proposed System

As the diagram sugg€CHi8, tR@data to be displayed on the tactile display will either be uploaded

from PCgp smaxt- % tc. or taken from the storage in Refreshable Braille Display System.

Text @onvened to simple characters stream plain format before upload. The

Refges ille Display System will generate commands and load them onto the SMAs in
ral

15




5.2 Circuit Design

5.2 Circuit Design
The Circuit Design gives a brief description of the microcontroller used and the various other
circuit components.

5.2.1 Micro-controller

To Drivers
00000000
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——{ F0.2AD3 Pa3 ==
= Foamns o
= Posios e
0—' PO.6/ADS P4 —;9
R - Py SE
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e Fes [—
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— CRYSTAL

11.053MK2 C2

4”_ =
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Fig. 5.2: Typical 1 character configuration with 8051 family controller

8051 descendant micro-controller is used. Its port 27-34 are used to drive the SMA

I
pt in 36 and 37 are RXD and TXD respectively. These pins are used to communicate with

st device. A USB to UART circuit is connected to these pins. On the other end of this circuit
the host connects via USB. Every 8051 microcontroller requires an external crystal connected

across XLATI and XLAT2. In this case an 11.0592 MHz crystal is used for best time outputs

16
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5.2.2 Drivers for SMA
SMAVoitage  _;, C
U1 SJ o | ‘
ConzolerPin 1 ((—=2- IN1 $L5Y ouT1 B—o
ConrollerPin2  ({———+—{IN2 > wWu QUT2 L
Cantroller Pin 2 >\ < IN3 ouTs HL— To SMAs
Conwoller Pin 4 -~.:¢.'f_——1-L 4

SMA wires require ele

&urrent to be applied to them for actuation. This required voltage

and current can b n¥from that the microcontroller is able to source. Hence drivers are

used to | It
used 1

current to the SMA via the Microcontroller. These drivers are usually

imilar purposes.ULN2003 and L293D ICs can be used as drivers.

17
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5.2.3 RS232 to USB connector:

+EY
YVEUS
R2
33
LED
U1 ¥
FT232R
4 lccio ™0 L >
USB Conne1ctor 20 o R¥D g RX
+Data 3 USBOP OTR |5
GND 8 DSR 1p
O—g— NCI DCD g
DT RESET Rl
O—357| NC2 23
O—55 0SCl CBUSD [53
0—=2+ 0sco CBUST [ g
e5ggy o I
17 gzzzm 2
MI0UT TOOO- CBUSY o
_|eCt c4 C2 C3 ]
—T4.7uF —=0.1uF ——0.01uF 0.1uF & RHE
)

Fig. 5.4: RS23 ce

pot UART. With UART and RS232 outdated, there
to UART. Fig. 5.4 shows how MAX232 IC is used

Most of 8051 family microcontrollers s
is a need to create an interfacrom U

to interface UART to R

. Th'.circuit is used to program many programmable ICs in ISP
d to further interface RS232 to USB. This allows communication

18
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5.2.4 Actuator Configuration

Nickel-Titanium (NiTi) SMA wire is chosen as the actuator element, for its advantages
discussed in "'*. Fig. 5.5 gives a schematic of the actuator configuration. Different from a
regular spring-biased SMA wire actuator, the proposed actuator uses the SMA wire element in

an inverse-U configuration. With such a configuration, all the terminals are placed on a sin

plane, simplifying electrical connections. Further, it allows the wire to have re le
connections to the structure, allowing easy assembly and disassembly. G
- __¥Stroke__
Bias
<— Compression —>»
Spring
[ 11 |L ] [ 1| ILC ]

< SMA Wire
(Actuator Element)

T Electric:lll /04 I UL
Terminals

U Figure 5.5: Actuator Configuration

r ulations were performed to determine the natural length Ln of the SMA wire,

f the bias compression spring and the stress o4 and strain ¢4 in the actuated SMA

19



5.2 Circuit Design

Following design equations are used in [1]:
K.x = 2A,0y 1)

K,(x+ Ax) = 24,04 2) C
L,(ey — &4) = Ax *ﬂ
K (x + Ax) = Fg 0

where,
¢ 0)sr and &)y are the stress and strain, respectively, in unact®@ed SMA wire
e A, is the cross-section area of the SMA wire

e /lx is the Braille dot stroke

e x is the compression of the spring infghe defaulgista

e I is the minimum desired resisting
e &)1 has been purposefully kept below ¥.5%7as recommended in ''° '®! for an average actuator

life greater than 106 o
e /x has been chosen a mng@or a stroke of 0.6 mm, to compensate effects of functional

fatigue instabi

y
¢ Furthegy K, has onstrained by practical considerations of spring material, size and
1

manu 10118

o

20



CHAPTER 6

IMPLEMENTATION

6.1 Methodology

The application used the property of shape memory alloy for lifting of the Braille pi

shown in Fig. 6.1 the wire has two states namely Austenite and Martensite. Martengite

and hence it goes back to the default Martensite state. Hence the pifg8 lifted up again by the

spring connected to it.

Default State

Twinned Martensite

Actuated State Temp: low Stress and strain changed

applied due to load

Austenite /, Stress: low

Temp: high Strain- low Detwinned Martensite

Stress: low Temp: low

Strain: low Stress: high

Strain: high

Strain and
temperature
changed due to heat

Detwinned Martensite
Temp: low
Stress: low

Strain: high

Stress changed due to
removal of load

Fig. 6.1: SMA wire working

21




6.2 Calculations

6.2 Calculations

Important parameters such as spring stiffness (K) were calculated using the equations (1), (2),

(3) and (4) and using trial and error method.

The finalized spring configuration is,
= Diameter of the spring: 0.3 mm
=  Quter diameter of the spring: 1.4 mm
= Free length of spring: 5 mm

=  Number of active coils: 6

The surface configuration is,
= Height: 40 mm
=  Width: 6.4 mm
= Hole Diameter: 1.4 mm

= Distance between consecutive holes: 2.5 mm

Fig. 6.2: Surface Configuration

The finalized pin configuration is,
= Height: 11.75 mm

=  Diameter: 1.3 mm

22



Chapter 6 Implementation

RU./‘JC3>
t

‘ C
0.5000 Q
}
L 2,0000 ]

11.7500

I

e \

1.0000

Fig. 6.3: Pin confi ion

6.3 Pseudo Code

The following pseudo code is used to gontr6l the braille pins. The code is deployed into an

Arduino chip which either staf@®r stop efectric flow to the pins.

Set Baud Rate to %0‘

Set PO as,output p

AN

it 1 (unused)
// Bit 0 (unused)

P0O=0

char c;
while(true){
¢ =recieveUART();

23



6.3

if(c=="a"){

}

else if(c=="b"){
}

else if(c=="c"){
}

else if(c=="d"){
}

else if(c=="e"){
}

else if(c=="1"){
}

//.

//.

//.

//.

//Till 'Z'

else if(c=="2"){
}

}

PO = 0x08

PO = 0x18

PO = 0x0C

PO = 0x0

PO =0x0

PO =
PO X

C

24

Pseudo Code



Chapter 6 Implementation

6.4 Snapshots
Fig. 6.4 shows interface for the android voice recognizer which takes voice input and feed it to

the Arduino chip:

Speak now

Google

Inside

‘ © MainActivity
8

a
Activate

Fig. 6.5: Voice recognizer input feedback

25



6.4 Snapshots

Fig. 6.6 shows the arduino uno processor used fitted into a plastic case:

Fig. 6.6: Arduino Uno processor

Fig. 6.7: Smartphone-Arduino configuration

28



Chapter 6 Implementation

Fig. 6.8 shows arduino connected to braille pins via two L293D IC boards:

le p

Fig. 6.8: L293D connection with Arduino and B

Fig. 6.9 shows the respective braille output is as shown umthe\diagram below:

Fig. 6.9: Braille Display Device- Output

27



CHAPTER 7
TESTING

7.1 Test cases

The test cases performed on the hardware and software application are as follows:

1) British English needed by Voice Recognition application. EQ

23% = 10:31pPm

Tap to speak

Try again

7

Fig. 7.1: Testing invalid input

’1, if an invalid voice input is given the application asks the user to speak

28



Chapter 7 Testing

2) Ifa wrong character is detected by the application

Q@} MainActivity

Audio Input = ) ~
P Activate Audio Feedback =

: "You sent 'a' "'

"H"

\ v
Fig. 7.1: Audio Feedback Mechanism y
As shown in Fig. 7.2, an audio feedback mechanism is verifying if a correct alphabet

is recognized by the voice recognizer

3) Power Supply should be 5V, 1!

T - Test Case 3
®
Test ¢ Result
P a
Power Supply > 5V SMA wire overheating
WUSV and >3V Efficient working (Best Case)
: __V W
Power Supply <3V Lesser Contraction

A‘\ !!urrent > 1A and <1.5A 4-5 pins contract

Current > 1.5A and < 1.7A 5-6 pins contract

Current < 1A 1-3 pins contract

29



7.1 Test Cases

4) Spring should have 6 number of turns

Table 7.2: Test Case 4

Test case Result
Number of turns > 6 SMA contracts but does not regain
Number of turns < 6 SMA doesn’t contract ‘
Vo
Number of turns = 6 SMA contracts and regains original length

\\&
o .XWﬂ
\3

N\
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CHAPTER 8
RESULTS AND DISCUSSIONS

Functional prototype is developed and results prove that the designed actuator and packing help

meet the desired level of functionality. Device specifications, as observed, are tabulated in

Table 8-1.
Table 8.1: Performance and Specifications “
A
Parameter I?M
Braille Dot Stroke 0.7 mm
)4
Inter-Dot Spacing Q 2.5 mm
A
Dot Base Diameter 1.4 mm
-
Dot Profile B\ Dome(0.75 mm radius)
Y a
Operating Temperature Range 0-60 °C
Max. Power irement

‘ . 11) 5V,1.7A
)

efresh time for a pin is 3 to 5 seconds.

Accuracy of characters displayed in our system as compared to original Braille Script
is 60 to 70%.

e Use of the Google voice recognizer makes the character recognition accuracy very high.
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CHAPTER 9
CONCLUSIONS & FUTURE SCOPE

low-cost alternative to piezoelectric bending actuators is the key. Although prior effort

In the challenge of developing affordable refreshable Braille displays, developing a suitab C
e
ed

identified multiple such alternatives, none has translated into successful products. S
actuation, usually used in micro and miniature actuation applications, is among oSed

alternatives. It carries certain advantages making it suitable for Braf i ever,

population around the world. This system pr.o idg ¢ ng way of learning the braille

language which indirectly promotes Bgaille lite

The implemented system, VRBD is ve hen compared to already available RBDs

in market which cost about five times ofthat of our SMA based RBD. Also there is the added

functionality of audio inpugfor braille character generation so that the visually impaired user

does not have to depe any.ther individual for learning. This makes it a self-learning
\4

Braille script tool f

lly impaired who are willing to learn braille themselves.

In futu n SMA based actuation, for example, improvements in materials and

proce e tion of joining and attachment methods may help in further reduction of

display \@Rst #d improvements in performance. Also the dependency on the smartphone
tiof can be eliminated if an efficient standalone voice recognizing technology is

ped hence reducing the costs even more.
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