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Abstract: In this paper there is described a stage of the research on developing a new and flexible method for the assisted help for the persons with severe sight deficiencies. The method is based first of all on the using by the concerned persons of a software application allowing them a better reading capability, more clear, more easy, via Braille alphabet. The application was developed until now as main research activity, to a certain stage, being intending that it should be after developed continuously to a high level, for which, for as many situations as possible to be used in a pleasant and efficient way by as many people with low vision. The paper presents the way in which the application was designed, so that different characters or words to be automatically converted into messages displayed using Braille alphabet, due to several state virtual LEDs. In this way, in function of the entered character or word, by the concerned person, in a special input text-box, by running application, some LEDs will turn on selectively, reproducing in Braille the entered letter, the figure or the word. The application was designed so that the size, intensity, contrast and LEDs positioning to allow a clearer view of the converted message, being able to be received by persons with different low vision severity degrees. A special aspect on which the paper is insisted is the way in which the programming was made, by explanations and exemplifying of some logical algorithms and sequences, in order to follow step by step the concerned aspects in the designing stage of the software application. To test its potential and practical utility, it is verified periodically by successive running, in different situations on sight deficiencies simulations. The paper presents an example in which the application in the actual stage was tested on a person knowing the Braille alphabet for which three progressive myopia degrees were simulated.. In this was there was demonstrated the application’s utility. Due to the fact that in case of severe myopia inducing, the tested person could not comfortably read the displayed message in Braille, the application was improved so that for a further testing in similar conditions, it becomes very helpfully one for low vision people.
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I. LOW VISION CONCEPT 
Placing the concept of low vision in the context of visual function problems, is currently defined as a severe visual impairment in the case of people of any age and occupation. This concept can be associated with decreases in vision related to a visual acuity of less than 0.3, and can even be reached blindness. It is obvious that these people have very big problems in terms of their daily activities. As a result, these people need different methods and means to be able and integrated, often relying on the other senses (hearing, touch, olfactory) [1], [2]. 
In the situation in which a person can be considered with low vision, but he still has a visual acuity of at least 15-20%, he can be helped by different means and methods based on using the visual function. In these cases, the most effective way to help such a person is by helping them to deal with and orient themselves based on several senses (tactile, auditory and visual). 

Moreover, in some situations, younger people can even be helped to practice different current or professional activities, depending on the context certain senses. For example, a person with blindness, via training exercises will be able to develop their auditory or tactile sense better. On the other hand, a very young person, having low vision, but with a visual acuity of at least 0.1, could even be helped to improve (although to a small extent) its visual function [3], [4].
1.1 The Braille alphabet utility
Nowadays the utility of the Braille alphabet is well known. It can be used by people of different ages, with different social conditions, both in the context in which they are based on the tactile and auditory senses. Moreover, people with low vision (but not blindness) could use the Braille alphabet, by reading large characters, based on the visual function itself [5], [6].
1.2 Braille alphabet using for training
The Braille alphabet using (as a universal method) in the case of people with severe vision problems is not only seen as a solution to help these people in daily current activities. It can even be seen as a method by which such people can gradually develop their skills, by training the visual function and the other senses. For this reason, training exercises via the Braille alphabet are often recommended for a wide variety of situations. 
The reason why it was chosen the Braille alphabet using as a means to help people with severe vision problems is that this type of coding is universal one, known by a wide category of people [7].
II. PROPOSED METHOD
The paper describes the research for designing, programming and testing by simulation of a software interface, aiming to help people with low vision, through the display of characters or words, using the Braille alphabet.
2.1 Role and designing the software interface
Starting from the fact that the Braille alphabet can be used by both blind and the low vision persons, in the research it was proposed to design and develop an interface for this purpose. Specifically, at this stage of the research it was proposed to develop and test a software interface that would allow people with low vision, regardless of sex, age, occupation or social status, to be helped to read messages through Braille coding.
Moreover, through this interface it is desired to train the people concerned in order to become familiar with the use of this method of help, even for the purpose of visual training (especially in children and very young people).
When constructing the interface, it was taken into account that the degree of severity of the low vision syndrome may differ from one person to another, or even to the same person, depending on the context (age, health, how restful is him, etc.). Starting from this issue, it was proposed that the interface could encode in the Braille alphabet both simple characters and words, in three levels of size and degrees of contrast. This means that a letter / number (0 to 9) or word written by the examining or accompanying person will be displayed in the Braille code next to it, and the person with low vision will be able to recognize and read the message. In addition, it is desired that this interface can also be used as a virtual instrument for carrying out screening activities in schools or in the workplace, in order to defer the severity degrees of the low vision manifestations.
For the interface programming it was approached that the display of characters and words in the Braille column would be done through some groups the status LEDs, of Boolean type, as follows: for displaying a character 6 LEDs were arranged as a matrix (3 lines and 2 columns), these having circular shape in case of letters and rectangular form in case of displaying numbers from 0 to 9. For the display of a word, several such LED groups have been used, more exactly being considered that, usually, a word can include up to 14 letters (figure 1). 
For the three degrees of difficulty, corresponding to three degrees of severity of low vision, three dimensions of LEDs specific to the display of letters were designed, respectively three dimensions of LEDs specific to the display of words. 

Also, when designing the graphical interface, it was taken into account that, during its running, any word, letter or number, entered by the examiner or the accompanying person could be converted in real time into Braille code and could be read quickly by to the person with low vision.
2.2 Software interface description
The programmed and tested graphical interface can be used as a virtual instrument, being structured as follows: on the left - top are the input entities, through which the examiner or accompanying person can determine the conditions for its use, and on the right, respectively in the part At the bottom of the display are the arrays of LEDs for displaying the message converted to Braille (figure 1).
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Figure 1. Software interface presentation
For the interface to be as accessible as possible for the examiner or the accompanying person or even for the low vision subject, in the programming stage, as text-type, input variables, two entities have been defined as selective dialog boxes, after as follows: the first one refers to select the severity degree of the low vision (meaning that the highest degree of severity will involve the display in the Braille code on the LED groups with the highest size and the highest contrast and the lowest degree of severity will involve the displaying with the smallest size and lowest contrast. The second selector helps the accompanying person to select what must to be displayed (a character or a word) (figure 2). 
	[image: image2.emf]


	[image: image3.emf]



	
	[image: image4.emf]




Figure 2. Using the two text selectors to establish the procedure conditions

The programming for both selectors functioning invoked to two Switch Case structures related to the items, each one of them including similar programming algorithms to determine the automatic LEDs turning on, depending by the character or word introduced in the text-boxes. 

Two other input entities were defined as text – boxes to introduce the character or word to be converted into Braille. These allow introducing manually or by copy-paste from a text procedure, by the examiner or accompanying person (figure 3). The conversion invoked the using of two sequence structure, one included in the other, each one containing several iterations. 
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Figure 3. The text boxes to introduce the message – text to be converted
In case of character conversion, the programming algorithm needed to compare the current character with different other characters, as strings, so that, in case of correspondence, the specific LEDs for Braille displaying to be turned on. In case of words conversion, the programming sub-routine invoked first to extract each character from the current word, as sub-strings, than to be compared with different characters (as strings), meaning a similar procedure (figure 4).
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Figure 4. Programming sub-routine for the conversion into Braille in case of characters and words
 2.3 Software interface – using and simulation
The described interface can be used both in visual screening type examination procedures, in order to determine the degree of severity of low vision the tested person, as well as in training procedures, regarding the familiarization of low vision persons with this procedure for reading. In the first case, first of all, the examiner has to select the lowest severity of low vision, followed by subject testing, who must to recognize in the Braille code, both letters and numbers, as well as words, after entered in the text boxes. It is recommended that the procedure be resumed at least 20 times, with the number of correct answers and the number of incorrect answers (or the failure to answer). If the number of correct answers is insufficient (see paragraph 2.4) the next degree of low vision severity will be selected by following the same procedure. This time, the contrast being stronger and the size of the LEDs higher, it is recommended at least 15 resumes of character reproductions, respectively of words. In case of insufficient correct answers, the examiner will select the highest low vision degree of severity, resuming the above described procedure. It is recommended to resume 10 times the character and words reproduction. 

In the case of training procedures, on a certain person, knowing the degree of low vision severity, from the beginning it is selected within the interface. The procedure for recognizing the characters and words in the Braille code is the same as the case of the screening tests, with the exception that, in the case, a large number of repetitions of the reproductions is recommended, during a training session.
2.4 The algorithm for evaluating Braille responses
For a more correct and objective evaluation of the answers given by the low vision subject in the Braille code, as a simulation algorithm, a method was proposed to take into account the number of correct and incorrect answers, relative to the total number of exposures. Also, another important aspect is the time interval in which the subject reads and reproduces the shown message in Braille code. For this, it was took the problem to determine the percentage of correct answers in relation to the total number of exposures, according to the relation (1).
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(1)

where:  PRk[%] (k = 1÷3) is the percentage of proper responses for different symbol sizes and contrast levels (more exactly PR1[%] means the percentage for the lowest degree of difficulty (the biggest size and highest contrast); PR2[%] means the percentage for the medium degree of difficulty (medium size and contrast) and PR3[%] means the percentage for the highest degree of difficulty (smallest size and lowest contrast);

(i -  correct responses and (I – wrong responses during evaluation; 
N – total number of characters or words exposure in Braille (for this reason it was established that the following hypothesis should be based on the evaluation algorithm: the total number of exposures should be at least 10, in case of the lowest degree of difficulty (N = 10 for PR1[%]), at least 15 in case of medium difficulty (N = 15 for PR2[%]) and at least 20 in case of the highest degree of difficulty (N = 20 for PR3[%])); 
(i – the necessary time to identify and communicate by the subject the displayed symbol or word; its quantification must be done in seconds. 
Another important hypothesis related to the interpretation of the evaluation of the results was that it was considered that the subject could handle the Braille alphabet only if at least 2/3 of the total of characters or words displayed read correctly.
2.5 Simulation applying and its results
Testing the proposed method and, meaning the software interface involved simulating testing on a young person, without visual impairments, who is familiar with the Braille alphabet. He was initially tested naturally, after which he was tested by inducing three degrees of myopia (+1DS / +3DS / +5DS). In the first case the results in terms of his response was recorded into table 1: 
	Visual level acuity
	What to recognize 

	
	single characters - lower case
	single character - upper case
	words  - lower case

	High level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	yes
	no
	yes
	yes
	yes
	yes

	Medium level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes

	Low level 
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes


Table 1. Testing simulation initially (without induced myopia)
The testing simulation was continued with the induction of a reduced degree of myopia, by using a frame for glasses, in which two spherical lenses with the power of + 1DS were introduced. In this case, the results concerning his responses were synthesized in table 2. The simulations by progressive inducing of myopia (using spherical lenses with the powers of +3DS and +5DS led to the results shown in the tables 2 and 4. Following the simulations, it was found that, in the event of a severe myopia, the subject could not easily recognize the message displayed in the Braille code even on the groups of LEDs of maximum size and contrast. As a result, the interface has been improved, so that on further testing, under similar conditions, it really becomes a great help for people with extremely low vision.
	Visual level acuity
	What to recognize

	
	single characters - lower case
	single character - upper case
	words  - lower case

	High level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	no
	yes
	no
	no
	yes
	no
	yes 
	yes

	Medium level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	no
	yes
	yes
	yes
	yes
	yes

	Low level 
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes


Table 2. Testing simulation with an induced slight myopia (+1DS)
	Visual level acuity
	What to recognize

	
	single characters - lower case
	single character - upper case
	words  - lower case

	High level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	no
	no
	no
	no
	no
	no
	no
	no
	yes

	Medium level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	no
	yes
	no
	no
	yes
	no
	yes
	yes

	Low level 
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	yes


Table 3. Testing simulation with an induced myopia of +3DS
	Visual level acuity
	What to recognize

	
	single characters - lower case
	single character - upper case
	words  - lower case

	High level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	no
	no
	no
	no
	no
	no
	no
	no
	no

	Medium level
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	no
	no
	no
	no
	no
	no
	no
	no
	yes

	Low level 
	the symbol / text was or not recognized (Yes/No)

	
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular
	right eye
	left

eye
	binocular

	
	no
	no
	no
	yes
	no
	yes
	yes
	no
	yes


Table 4. Testing simulation with an induced severe myopia (+5DS)
III. CONCLUSIONS
Simulation procedure on a person familiar with the Braille alphabet in the context of testing the software interface allowed discovering certain problems regarding the recognition of characters and letters in Braille, in case of induction of a high degree of myopia. For this reason, an effective improvement of the graph of the interface was ensured. The main improvement to the interface graphics was to increase the size of the status LEDs and their contrast (for the logical ON state). 
In the context where, as a result of the improvements made, the interface has proved to be very useful regarding the help that can be granted to low vision persons, in the future it is intended that it be extended, offering the possibility of displaying messages as phrases or sentences. In this way, such a method could also be useful in the context of the professional rehabilitation of a category of persons with severe visual impairments, which have resulted from illness or accident.
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