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Abstract—The paper describes a stage of research on the rehabilitation in case of people with visual impairments and severe locomotor disorders that have occurred as a result of accidents or serious injuries. As current stage, a methodology was developed through which people, regardless of age, after  accidents or traumas having deficiencies in visual function and/or related to hand-eye coordination, can be helped in the training sessions due to  software interfaces recovering activities. The proposed method is intended to be an alternative, complementary to conventional methods of visual training. It has the role of diversifying training activities and, moreover, to quantify in an efficient and objective way to what extent, by repeating the procedures, the answers improvement could be proved in case of the tested subject. Besides, the method has the advantage of being accessible both in optometry practices and medical clinics, as well as in the persons concerned, who, at home, can perform training sessions, under the recommendation and assistance of authorized persons (doctors, ophthalmologists, optometrists). 
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I.  Introduction 

Visual function, including visual acuity, 3D perception, but also visual memory is the most important of the 5 senses developed in humans. This is explained by the fact that it is known that the percentage of information coming from the environment reaches between 80% and 90% due to visual function and the difference comes through the other senses. For this reason, at present, more and more studies and research are being done in order to find new and efficient methods both for the evaluation of visual function (regardless of age), and especially for its preservation and even improvement [1], [2]. 
Unfortunately, the causes of partial or total loss of visual or auditory function can be both congenital and acquired. The latter can be determined either by the appearance of diseases that leave severe consequences or by certain accidents or traumas, these can be reflected both at the level of the visual system and at the level of the brain or the locomotor system [3], [4]. In this context, nowadays, more and more research focuses on the development of efficient means and methods for at least partial remediation of these deficiencies and, as a concequence, for the reintegration into society of such people. These refer either to the development and use of specific equipment, or to the development of medical procedures in order to train the visual function and / or the locomotor function [5], [6].
II. Proposed method
The paper presents a stage of research on the development of training procedures and recovery of people who have suffered serious accidents, with severe consequences on visual function and / or musculoskeletal system. Specifically, this stage focuses strictly on the recovery of visual function through training in the case of such people. However, this aspect refers both to visual system and also to the hand-eye coordination, in the context in which, often, visual impairments can be associated with those related to hand coordination.
For this reason, the developed method involves a training procedure specific to the two fundamental aspects specified above. The current stage of research refers to the way in which this procedure was developed and tested with the help of simulations, this being one that is part of efficient, flexible and attractive methods for both patients and doctors. The proposed solution regarding the application of the training procedure is an assisted one, being about solving some tests on the tablet or computer, being evaluated both the the visual system, as well as the hand-eye coordination. On the visual function evaluation, the tests to be solved in the procedure follow, on the one hand, the visual acuity and, on the other hand, the visual memory of the concerned subject. The assessment of visual acuity refers both to the reading and the correct perception of the messages regarding the tasks to be completed, as well as to the following of some graphic type entities specific to the stages necessary to solve the tests. On the other hand, the assessment of hand-eye coordination refers to the correct and efficient selection of graphic entities, according to the different steps specific to a test cycle [6], [7].
To this purpose, the development of the training procedure consisted in the design, programming and simulation testing of a software interface, created in the LabVIEW graphical environment. The aim was to ensure a friendly graphical interface with both the doctor or the accompanying person and the person undergoing recovery training procedures. How this software interface was designed, programmed and tested is described in the paper, as follows: 
The design of the interface was based on following the two fundamental aspects specified above, namely the simultaneous evaluation of the visual function itself, but also of hand-eye coordination. For this, a test interface has been designed, which, on a gray background, contains sets of two identical geometric entities, of the circle, square, rectangle or oval type. Each such set of two identical entities must differ in size, shape, color, or chromaticity (Figure 1).
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Fig. 1. Software interface displaying
Solving procedure standpoint when an entity is touched, it must turn white (for a short period of time), indicating that it has been accessed. When both identical symbols within a set of entities are reached, a partial score must be automatically awarded. If, however, an entity of one kind and another of another kind (different in size, shape, orientation or color) is accessed, then a partial de-pointing must take place, similarly. If the subject, by mistake, instead of accessing an entity misses and touches the background, it should automatically turn yellow, signaling that the target has been missed (hand-eye coordination error) (figure 2). Obviously, in this case, too, there must be a partial negative score in the current test cycle. 
Refering to visual memory testing, in a test cycle, it is possible to request the shutdown of a pair of entities that have been turned off once. In this context, the subject must have retained this and, in this case, not to act once again the target pair of entities, otherwise it is also de-pointed.
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Fig. 2. The case in which a partial positive or negative score must be awarded, following the correct resolution of the current stage

The final awarded score must depend on all correct and false responses during the testing cycle. In order to display the final score at the end of the test, the following rationship, in percentage terms, must be strictly observed:
FS[%] = (((((i))/((((i)*N)*100                   (1)
where FS[%] means the final score, in percents, (i – currnet correct responses   (i = 1 to N),   (i – currnet wrong responses

N – total responses in accordance with all testing steps per cycle. 
Refering to the test timing, finally the duration in which the subject solved the test must be displayed. 

From the point of view of the degree of difficulty, one stage in a training procedure must include successively three degrees of difficulty, as follows: low difficulty, for a long time (12 seconds), medium difficulty, for a moderate time (8 seconds) and high difficulty, for a short time (4 seconds) between 2 successive stages of a test cycle.
From the point of view of programming the software interface, it was started with the definition of entities, as input Boolean variables, each one having two logical states (on or off). Their size, shape and color have been defined in such a way as to cover as many distinct situations as possible. Besides it were defined two input variables as which text selectors, through which to establish how the test will be performed. The first one refers to the degree of difficulty and the second allows to save the results after each testing cycle (figure 3). 
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Fig. 3. Choice of testing options, through the 2 selective text input variables
 The relation of the variable regarding the establishment of the degree of difficulty was made by means of a Switch type programming structure, containing 3 distinct cases, in each of them a value being assigned to the time constant that defines the duration of a testing stage.
For a better user interface (doctor or patient), several output variables have been defined, as follows: the first one refers to display the final score, another (string type) to display the message related to the pair of entities to be accesed (for the current testing step) and 5 numeric output variables to display the other aspects meninig the test solving (no. of positive and negative false errors, no. of wrong accessing of entities, total time for solving and current step of the test). 

A particularly important aspect of the programming focused on displaying messages about the tasks to be performed for each stage of the test running. In order to avoid the situation in which by repeating the training procedure, the person in question could memorize the tasks that return in the next stages, an algorithm was created by which their formulation (through messages) to be a random one. Thus, inside the While-Loop programming structure, regarding the development of all iterations specific to the stages of a test cycle, a Boolean programming structure was programmed. This in turn includes another 21 Boolean structures, each being addressed to generate a message about the task to be followed in the next stage, depending on the ackomplishing of different conditions. These refer to the default value generated by a Random Number variable, so that, depending on its value, the message on the current task, for each test step, can be different (figure 4).
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Fig. 4. Programming sequence referring to the randomly tasks displaying during a test cycle

Another important aspect regarding the programming part referred to the sequence specific to the algorithm for calculating the score obtained in the test, including some summation functions (multiplexer type) of the positive and negative partial scores generated in the test. Through a series of algorithms regarding the conversion of 1-D vectors of Boolean values into numerical 1-D vectors and the counting of logical "1" values, it was possible to program the sequences necessary to calculate and display complementary results related to each test cycle. These are the total number of wrong clicks on entities, the total number of false-positive answers and the total number of false-negative responses.
The main purpose of programming the interface was to make its use accessible, flexible and efficient in training procedures, so that the steps needed to run it are as clear and precise as possible. 
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Fig. 5. Example of results displaying after interface running and test solving
In this regard, the steps to be followed when using this interface are the following: establishing the degree of difficulty of the current test, choosing the option to save or not the test results, running the test, followed by its solving by the concerned person. Finally, the obtained results, in terms of final score, number of wrong reactions, false positive and false negative responses, and test duration will be displayed. Depending on the option to save the data, there is also the possibility to export the numerical values of the results in EXCEL type formats for later processing. A representative example is shown in figure 5. 
III. Obtained Results
In the specific research testing of the method developed on the visual training procedure, through the software interface developed due to the COVID 19 pandemic, until now it could only be tested on one healthy person, male, aged 44 for years. For this, it was proceeded to perform some simulations, namely to evaluate the response to tests specific to a training procedure in different situations, as follows: In the first stage, the subject's reaction was tested in the normal situation (this being emetropic without problems in terms of hand-eye coordination), namely the test results were followed for the three levels of difficulty. As a result of the 3 sets of simulations were done, one for each degree of difficulty (meaning 10 simulations for easy level, 10 simulations for the medium level and other 10 simulations for the high level). The results of the evaluation could be systematized in table 1.
TABLE I.  Obtanied results for simulations in normal situation
	Pursued aspects
	Degree of difficulty

	
	Easy level
	Medium level
	High level

	Solving degree averages [%]
	93.27
	94.22
	73.92

	No. of wrong reactions (AVG)
	0.6
	0.3
	0.3

	No. of false-positive reactions (AVG)
	0.1
	0.1
	0.3

	No. of false-negative reactions (AVG)
	0.2
	0.6
	2.5


In the next stage, a situation was simulated in which the person in question would have his right arm immobilized (simulating a possible effect of a serious accident) and could use only his left hand. In this situation, repeating in the same conditions the 3 sets of 10 simulations (one simulation meaning a test cycle), for the 3 levels of difficulty, it was possible to synthesize the results specified in table 2.
TABLE II.  Obtanied results for the situation of simulating the tests solving with the left hand
	Pursued aspects
	Degree of difficulty

	
	Easy level
	Medium level
	High level

	Solving degree averages [%]
	77.01
	72.46
	19.2

	No. of wrong reactions (AVG)
	0.1
	0.2
	0.7

	No. of false-positive reactions (AVG)
	0.4
	0.4
	0.4

	No. of false-negative reactions (AVG)
	1.8
	2
	6.1


As a result, in this case, it was found that for the increased degree of difficulty, the solving results were the worst. This was explained, first of all, by the fact that, due to a much more difficult hand-eye coordination, the reaction time required for a response was up to 3 times longer. The time available to the subject for each stage of solving the test being 3 times shorter than in the easy level, practically it did not manage to answer only a small part of the tasks. Thus, in this case the number of false negative errors was the highest.
In the third step of simulations, the same person was simulated with blindness in the right eye, in these conditions being asked to go through the same stages of testing. The results in this case are presented in the table below:

TABLE III.  Obtanied results for the situation of simulating the blindness in the right eye

	Pursued aspects
	Degree of difficulty

	
	Easy level
	Medium level
	High level

	Solving degree averages [%]
	84.38
	74.77
	57.7

	No. of wrong reactions (AVG)
	0.2
	0.1
	0.4

	No. of false-positive reactions (AVG)
	0.1
	0.7
	0.1

	No. of false-negative reactions (AVG)
	1.2
	1.6
	3


As a result, in this case, it was found that the results for the high level of difficulty were much better than when using the left hand. This can be explained by the fact that a severe visual impairment influences to a much lesser extent hand-eye coordination (necessary in a high extent in such tests) than the use of the left hand by a right-hander.
Finally the simulation involved both right arm immobilized and blindness in the right eye, the results being observed in table 4. In figure 6 there is presented an overlapping, comparative representation of the degrees of resolution for the 10 replays of the test, in each of the 4 simulated situations.
TABLE IV.  Obtanied results for the situation of simulating both right arm imobilized and the blindness in the right eye

	Pursued aspects
	Degree of difficulty

	
	Easy level
	Medium level
	High level

	Solving degree averages [%]
	82.02
	68.84
	16.67

	No. of wrong reactions (AVG)
	0
	0.4
	0.8

	No. of false-positive reactions (AVG)
	0.3
	0.2
	0.1

	No. of false-negative reactions (AVG)
	1.5
	2.3
	6.4
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Fig. 6. Representation of the curves of variation of the degree of solving the tests for the 4 simulated situations
As in the case of simulating only the handicap of immobilization of the right hand, also in this case it could be found that the biggest problems in solving the tests appeared for the high degree of difficulty. Unlike the previous case, in this situation an even greater decrease of the degree of solution was observed, the problem of hand-eye coordination being associated with a problem of decreased visual acuity.
IV. CONCLUSION
Although the study on the simulation of training for the recovery of visual function in the case of people with severe disabilities could not be made so as to be a very relevant one, two important conclusions could still be drawn: Repeated testing simulations could highlight a clear dependence between the percentage of resolution and the degrees of disability, being especially the aspect of hand-eye coordination.
On the other hand, for each simulated situation (eg normal situation, immobilized right hand situation, etc.) it was found that, as the tests were resumed, the person in question could gradually improve the results by 3 to 5%. This can be explained by the fact that even in the short term, training following this procedure can bring a minimum benefit for the person concerned.
Based on these aspects, such a recovery procedure, used in the longer term, on people with various visual and / or locomotor deficiencies could prove very effective in compliance with the recommendations of specialists.
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