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Abstract – A document reading device has been developed 

in order to facilitate and move the life of the visually 

impaired individuals one step forward. In this study, 

determining cell number for the device is aimed and three 

devices with the same properties except the Braille cell 

numbers have been created. 72 cell, 96 cell and 120 cell 

devices were tested by 25 visually impaired participants. 

According to the obtained  data, it has been determined that 

it is not possible to make a more comfortable reading by 

increasing the number of cells, and as the number of Braille 

cells increases, the area covered by the cells increases; 

therefore,  reading speed decreases. 
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I. INTRODUCTION 
 

Visual impairment means an individual has lost her 

vision. Visually impairment is a kind of disability that may 

be congenital or due to any subsequent disease or accident. 

Braille alphabet has been developed by Louis Braille in 

order for people who are visually impaired to live in 

harmony with others. Braille alphabet is a method used by 

the visually impaired individuals for writing and reading 

[1]. 1 

Although the life of a person with visual impairment is 

thought of as darkness, many visually impaired individuals 

develop themselves in order to be able to live their lives 

easier and to continue their lives without being dependent 

on others. For that reason, there are unhindered life units, 

which has become a state policy, created by many states. 

Many of the visually impaired individuals take advantage 

of these units. Apart from these units, many products have 

been developed to facilitate the lives of visually impaired 

individuals. Developed as software and hardware, some of 

these products are: 

 A device called white cane allows visually impaired 

individual to move freely in any environment and to 

move in the right direction. 

 Special links for visually impaired individuals on the 

web pages make it easier for visually impaired 

individuals to use the web page. 

 Voice control of devices such as mobile phones. 

 The availability of digital audio books. 

 Printing a book out of Braille fonts by a government-

sponsored institution via Braille printers and sending 

                                                           
1This study is supported by TUBITAK with Project number 

113E778 and by Selcuk University Scientific Research Projects 

(BAP) Coordinator ship with Project number 14401107. 

them to disable people without any charge. 

 Thanks to the screen reading programs, it is ensured 

that visually impaired individuals can use the 

computer comfortably. 

 Availability voice recording devices, especially for 

recording lectures facilitate the revision of topics 

studied in lesson. 

 Devices such as blood pressure meter, kitchen scale, 

weighing machine, calculator, digital clock, which 

convey the results to visually impaired individuals 

vocally. 

 By means of the book reading devices device 

developed for the visually impaired individual, 

visually impaired individuals can listen to the texts 

written in the book by placing it in front of the 

camera. At the same time, for individuals with low 

vision, the text size of the texts is enlarged, which 

enables disabled person to read through the monitor. 

 The Braille displays, which consist of Braille cells, 

allow the visually impaired individual to read by 

feeling with their hands using the Braille alphabet 

rather than listening. 

Thanks to the progress of computer technology day by 

day, many software and hardware applications with 

human-computer interaction are being developed [2]. 

Thus, both industrial and academic endeavours are 

continuing rapidly. An assisted blind telephone interview 

(ICT-ABTI) was developed to help visually impaired 

people to do customer satisfaction survey [3]. Chinese 

screen reader with electro-mechanical Chinese Braille 

display was developed which solved mouse pointer 

problem [4]. For visually impaired individuals, an 

educational tool called i-Math to facilitate access to math 

materials [5], tactobook enabling visually impaired to read 

documents such as novel in the Braille alphabet [6] and 

audio games in order for visually impaired children to 

improve the problem-solving ability were developed [7]. 

In another work which was first tested on tablets, tactile 

low-vibration pages were created using light contrasts [8]. 

Works have been done to detect objects by converting 

direction and position information into vibrations [9]. 

In this study, a device with which visually impaired 

individuals can both read with their hands by using Braille 

alphabet and also listen to printed documents, was 

developed. While the device was in the design phase, 

devices with different numbers of Braille cells were 

created. Devices containing 72, 96 and 120 Braille cells 

were tested with 25 participants. For this study, 

experiments were carried out with documents consisting of  
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4 different character numbers. Although easier and faster 

reading was considered to be done when the number of 

Braille cells increases, the results of the tests were 

different. Visually impaired individuals readings were 

seen to slow down because the area covered by the cells 

increases when the number of Braille cells increases. 

 

II. DEVICE DEVELOPED  
 

In order to make it easier for visually impaired 

individuals to read written texts, a device with 96 Braille 

cells and functional buttons, shown in Figure 1 was 

developed. The developed device is ergonomic, portable, 

vocalizable, refreshable and multi-functional [10]. Before 

the prototype shown in Figure 1 was created, the usability 

of the device had been tested with different Braille cells 

and it was determined that 96 was the most suitable 

character number according to the obtained results. 

Therefore, during development of the prototype of the 

device, 96 Braille cells were used. 

 

 
Fig. 1. Device developed [10] 

 

The developed device is used with computer connection. 

USB and Bluetooth communication types were preferred 

for computer and device communication. An image of any 

document is taken via a scanner located in the top section 

of the image, in Figure 1. The taken image has undergone 

necessary pre-processing for image processing by 

transferring it to computer. By using OCR (Optic 

Character Recognition) algorithms, the characters in the 

document have been obtained. Sending the obtained 

characters back to the device was carried out in 3 different 

modes. These are: "Written" mode allowing the text to be 

read only with hands from the Braille cells, "Audible" 

mode allowing the text to be able to be listened only by 

voice and "Written and Audible" mode allowing both 

reading with hands from Braille cells and listening the 

text. After the operation mode is selected, characters are 

sent to the device according to the selected operation 

mode. Function keys such as "Forward", "Back", "Home", 

"End", "Page Up", "Page Down" were created to ensure 

that the entire text can be read if the number of characters 

obtained from the document is more than the number of 

Braille cells. Apart from this, "Save" and "Download" 

buttons were created so that the read text can be saved and 

the saved document can be loaded later. 

 

III. METHOD 
 

A. Design 
In this study, a number of experiments were carried out 

on the number of Braille cells before selection of number 

of Braille cells used on the device. Integrations on which 8 

Braille cells can be mounted and which are called 

Backpanel were used to enable control over Braille cells 

used in device and receiving of the data from the 

computer. That's why the number of Braille cells in the 

study were determined to be multiples of 8. In this study, a 

circuit with 3 different numbers of Braille cells was 

created. Braille cell numbers used in the generated circuits 

are given in Table 1 in detail. Each device is positioned in 

such a way that two lines of Braille cells are created. 

 

Table 1. Braille cell numbers in generated circuits 
 Used Braille cell number 

1st Device 72 (1st line 36 + 2nd line 36) 

2nd Device 96 (1st line 48 + 2nd line 48) 

3rd Device 120 (1st line 60 + 2nd line 60) 

 

B. Participants 
Participants in this study were selected among visually 

impaired individuals, especially those knowing the Braille 

alphabet. 25 people from Karaman and Konya cities were 

selected as participants. The age ranges and genders of the 

participants are given in Table 2. This study was carried 

out with the permission of both blind individuals who are 

participants and their parents. 

 

Table 2. Participants 

Number of individuals Gender Age range 

8 individuals 3 F / 5 M 8-10 

10 individuals 7 F / 3 M 10-15 

7 individuals 5 F / 2 M Over 15 

 

C. Procedures 
The generated devices were tested by 25 visually 

impaired individuals. Three people were assigned to help 

the visually impaired individuals when they use the 

devices. Each staff member spent time with the visually 

impaired individuals separately and informed them and did 

trials on devices with the same features except the Braille 

cell numbers. Later, visually impaired individuals with 

assistant personnel used 3 devices separately in the 

specified periods. Device usage and trial times with the 

help of the assistant staff, device usage and trial times by 

visually impaired individuals by themselves are given in 

Table 3 in detail. As it is seen in Table 3, since the cell 

number is little in the device usage made by the help of the 

assistant staff, they worked longer on the device with 72 

cells. Since the structures of other devices are the same, 

time spent using 2nd and 3rd devices was kept shorter. 

However, in order to be able to obtain accurate results, 

duration for device usage of the visually impaired 

individual who is under the supervision of the assistant 

staff was kept constant. 

 

Table 3. Average trial duration of devices 
 1st Device 2nd Device 3rd Device 

Device usage by the 

help of the assistant staff 

10 min 5 min 5 min 

Device usage under the 

supervision of the 

assistant staff 

20 min 20 min 20 min 
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IV. RESULTS 
 

In order to find out which Braille cell number is more 

suitable for the devices with 3 different numbers of Braille 

cells, experiments were carried out with the participation 

of visually impaired individuals. In this study, documents 

containing different numbers of characters were used in 

order for visually impaired individuals to use the devices. 

There are 50 characters in the first document, 600 

characters in the second document, 1300 characters in the 

third document and 3000 characters in the fourth 

document. After these 4 documents were scanned 

separately by 3 devices, and character was obtained, 

necessary reading processes were carried out by using the 

hands and Braille cells.  

The information with regard to the number of the 

characters in the documents will be sent to the devices is 

given in Table 4 in detail. When data with 1300 characters 

is wanted to be sent to the first device, the device indicates 

that characters will be sent to the device 19 times in blocks 

of 72. 

 

Table 4. Number of times devices send data with different 

character numbers 

 

Character Numbers 

1st 

Document 

(50) 

2nd 

Document 

(600) 

3rd 

Document 

(1300) 

4th 

Document 

(3000) 

1st Device (72) 1 9 19 42 

2nd Device (96) 1 7 14 32 

3rd Device (120) 1 5 11 25 

  

During the trials with visual impaired individuals, the 

reading period of the relevant document was recorded by 

activating the timer. In the study carried out with 25 

participants, each device was tested by each participant for 

each documents. Documents of the participants are given 

in Table 5 with their average reading times. 

 

Table 5. The average of time spent reading with different 

devices 

 

Character Numbers 

1st 

Document 

(50) 

2nd 

Document 

(600) 

3rd 

Document 

(1300) 

4th 

Document 

(3000) 

1st Device 

(72) 
13 sec 168 sec 370 sec 785 sec 

2nd 

Device 

(96) 

11,5 sec 150 sec 338 sec 742 sec 

3rd Device 

(120) 
11 sec 155 sec 353 sec 770 sec 

 

As can be seen from Table 4, as the number of Braille 

cells increases in the device, the device works less. 

However, as seen in Table 5, the increased number of 

Braille cells does not indicate that the readings will be 

faster. Because the increase in the number of Braille cells 

also increases the size of the device, the speed the visually 

impaired individuals work with device decreases. It is 

clearly seen that the increase of Braille cells number is not 

an advantage but a disadvantage. However, the low 

number of Braille cells and sending a new set of characters 

by pressing the "Next" button continuously (after every 72 

characters) also pose a disadvantage. Therefore, 96 Braille 

cells was determined to be the optimum number and 96 

cells were used in the developed prototype. 
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