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Abstract. The paper presents the new concept of typing the Braille
Code. Developed method use a Leap Motion controller to recognize fin-
gers responsible for typing proper Braille dots in the air. The recognition
of input characters bases on the analysis of coordinates of the hands,
fingers, phalanges and hand joints in three-dimensional space, which
is observed by the controller. The arrangement of the hands doesn’t
affect the accuracy of typed codes. Proposed method is implemented in
the form of desktop application for personal computers. The evaluation
shows the writing speed (7.4 WPM) and the MSD error rate (13.18%)
comparable to Braille virtual keyboards using touchscreen.
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1 Introduction

Reading and writing are fundamental human skills. Unfortunately, they may
be very limited in the case of people with visual disability. Modern informa-
tion technologies allow such people to overcome their own weaknesses. At the
beginning, Braille monitors were used to read the text by touch the convex
Braille code, and the Braille type-writers for writing. Development of technolo-
gies for mobile devices has opened new opportunities for assistance to the blind.
Nowadays screen readers have integrated witch each smartphone, phablet and
tablet. Hence, the reading of the textual content of presented information is
not a problem. At present every mobile device has a touch screen that can be
used as a virtual Braille keyboard. Multi-point touch sensors can recognize six
finger typing Braille dots at the same time. The problem is to put both hands
over the surface of small mobile device as a smartphone with diagonal up to 5
in. Although a lot of solutions to write Braille code on the small touch screen
has already developed, most of them use fewer number of fingers, and the idea
of “one finger per one dot” referring to the traditional Braille type-writers is
problematic in the realization.

Therefore, new solutions to efficiently type in Braille are still awaited. Touch
screens of mobile devices have several significant limitations: small size, low
sensitivity in some conditions, recognized number of fingers in multi-touch mode,
etc. To solve this problem the user can lift his fingers up. The aim of our studies
were to develop a method for efficient typing Braille code in the air.
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2 Background

The classical Braille type-writer was the Perkins Brailler, which modern version
was developed in 2008 [3]. This is mechanical device that consists of six keys
corresponding to the six points of a Braille Code. Additionally the keyboard has
also keys for space and backspace.

The idea of “one finger per one dot” was also adopted to the rapidly devel-
oped mobile technologies. That was easy for first portable phones with lim-
ited number of physical buttons. The BrailleTap [7] solution used a six buttons
located in two columns: ‘2’-‘5’-‘8’ and ‘3’-‘6’-‘9’ to type proper dots of the Braille
keyboard. In the age of touch screens, keys became virtual and occupied its sub-
areas. In the BrailleType [13], the user marked required dots using only one
finger by tapping proper buttons one by one. LeBraille [5] is the similar project
improving the Braille typing by audio and vibration feedback. Two fingers were
used in TypeInBraille [11], where two dots were type at the same time row-by-
row. Another approach called Perkinput operated with three fingers, which are
used at the same time [1]. First, the left column were entered, then the right
one.

Apart from those solutions, also the idea of “one finger per one dot” is
found for the technology of touch screens. One of interesting text-entry methods
for visually impaired people was called BrailleTouch [14]. In that approach the
smartphone has to be hold horizontally and with the touch screen facing away
from the user. The application interface includes six virtual buttons correspond-
ing to Braille dots. Each of the fingers used to type, corresponds to the same
Braille dot as in the case of using a physical device.

The topic of the studies assumes the use of LeapMotion controller. The pre-
cision and reliability of the Leap Motion were analyzed using a high-precision
optical tracking system [8] and research shown high potential of the device in
human-computer interfaces. Research [19] has shown in realistic scenarios, that
an accuracy is less than 0.5 mm for motions. While not as precise as more sophis-
ticated optical motion capture systems, the Leap Motion controller is sufficiently
reliable for the measurement of motor performance in pointing tasks that do not
require high positional accuracy [18]. The accuracy of detection for static hands
is below the human hand tremor [17].

The aim of another study [2] was to provide an approach that focuses on the
horizontal axis of interaction only. Horizontal movements are commonly used
independently of the interaction device (e.g., mouse, touch pad, touch screen).
More degrees of freedom have to be controlled with the Leap Motion controller
than with a mouse device, requiring advanced motor and coordination skills.
This is reflected by the overall results of the error rate. It was three-times higher
than the error rate achieved with a standard mouse device.

Researchers observed that people prefer related gestures for dichotomous
tasks and more disagreement occurring for abstract tasks, such as “open browse”
[20]. They defined several measures for Leap Motion gestures, such as gesture
volume and finger-to-palm distance, which were used to evaluate gestures per-
formed by research participants.
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Due to its rather limited sensory space and inconsistent sampling frequency,
it cannot currently be used as a professional tracking system [10]. However, it
can be applied in many other useful touchless interfaces, i.e. for online virtual
learning [9], or as a part of virtual reality technology to reproduce the ancient
ruin [4]. However, the space monitored by Leap Motion controller, can accom-
modate two hands typing virtual keys. Some researchers have tried to design a
universal interface for all to enter text using 10 fingers [12]. Unfortunately, that
concept is still without the implementation and evaluation.

3 Method

3.1 Assumptions

The Leap Motion undoubtedly is a noticeable input device for gesture-based
human-computer interaction. This controller is a small peripheral device. It uses
two monochromatic IR cameras and three infrared LEDs, observes almost hemi-
spherical area in a distance about one meter. The Leap Motion must be placed
facing upward (Fig. 1).

Fig. 1. Observed area of the Leap Motion controller [6]

For the development of the Braille code entry method, the following assump-
tions were considered:

– the interaction always use both human hands,
– hands need not be located in the same plane,
– the position of the hands in three-dimensional space should not affect the

accuracy of typed codes,
– the recognition of input characters in Braille code should be based on the

analysis of the coordinate position of the hands, fingers, phalanges and hand
joints.
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Fig. 2. The assignment of fingers to Braille dots

The typing of a single character in the Braille code is performed by the fingers
of both hands in the same manner resembling fundamental gesture “key tap” as
in the case of using a hardware type-writer (Fig. 2).

Next, following concepts are introduced:

– hand plane PH ,
– base plane PB ,
– finger collision with PB.

3.2 Analysis

To determine the hand plane in three-dimensional space, it is enough to find
three non-collinear points that belong to this hand. The Leap Motion controller
provides us with information about these points. The first point H1 is the center
of the palm. The second point H2 is the position of the joint connecting the
metacarpal bone of the phalanx of the index finger. The third point H3 is the
position of the joint connecting the metacarpal bone of the proximal phalanx of
the little finger (Fig. 3). For non-collinear points H1, H2, H3 there is only one
plane PH fulfilling the determinant equation.

PH :
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= 0 (1)

Now, for the hand plane defined by formula (1) must be defined the base
plane PB , which is parallel to the PH , and away from it a given distance d. In
order to determine PB , first should be defined:

−→wd = −→a × −→
b = [yazb − zayb; zaxb − xazb; xayb − yaxb] (2)

where −→a and
−→
b are vectors of anchorage point H1:

−→a = [xH2 − xH1; yH2 − yH1; zH2 − zH1]−→
b = [xH3 − xH1; yH3 − yH1; zH3 − zH1]
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To vector calculated from the formula (2) can be used as a normal vector
after the normalization. Then, using given distance d between the planes, we can
determined points belonging to PB:

B1 = H1 +
−→wd

‖−→wd‖d

B2 = H2 +
−→wd

‖−→wd‖d (3)

B3 = H3 +
−→wd

‖−→wd‖d

The plane determined by the points B1, B2, B3 (3) and the line passing
through the points F1 and F2 (finger points) intersect in the point I, which can
be calculated by solving the equations:

⎧

⎨

⎩

xI = xF1 + (xF2 − xF1)t
yI = yF1 + (yF2 − yF1)t
zI = zF1 + (zF2 − zF1)t

where

t =
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(4)

Next, the distance between points F1, F2 and I be calculated.

|F1F2| =
√

(xF2 − xF1)2 + (yF2 − yF1)2 + (zF2 − zF1)2

|F1I| =
√

(xI − xF1)2 + (yI − yF1)2 + (zI − zF1)2 (5)

|F2I| =
√

(xI − xF2)2 + (yI − yF2)2 + (zI − zF2)2

The intersection point I belongs to the line segment |F1F2| when

|F1F2| ≥ max(|F1I|, |F2I|) (6)

All points, planes and vectors mentioned in this section are illustrated in the
Fig. 3.

Such calculation should be provided for each of six fingers corresponding to
Braille dots. Let’s remember that we have two independent hand planes. For
each of them we have another base plane.
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Fig. 3. Hand typing Braille code in the 3D space.

4 Evaluation

For needs of the evaluation phase, the proposed method was implemented in a
form of desktop application for personal computer (Fig. 4). The graphical inter-
face of the application allows the user to set the distance d between the base
plane and the hand plane, given in millimeters. Second parameter is the number
of skipped frames by the controller until all user’s fingers take correct positions
and hand is stabilized. This research software tool automatically measures the
typing speed and its accuracy (number of errors). Every typed letter i read by
voice in the application.

Six visually impaired participants (five male, one female) in the age range
22–47 were involved in the evaluation phase. None of them was completely blind.
No one was also perfectly familiar with reading and writing in Braille, so the
assistant sometimes supports them suggesting the Braille dots for every char-
acter. Each participant started with a 10-min preliminary training. Next, he
was supposed to write the pangram: “the quick brown fox jumps over the lazy
dog”. The sentence consists of 9 words built of 43 characters including 8 white
spaces. The distance between hand planes and base planes was set to 40 mm.
The number of omitted frames was set to 10.

Table 1 presents results of the experiment (time - in seconds, err - number of
incorrectly selected keys), when the users typed the pangram. The best time of
test was equal 51 s, the worst - 98 s. Initially, despite the preliminary trials, the
typing in the air was not easy for users (maximal number of mistakes was 14),
then they were more familiar typing faultlessly. Calculated average text entry
factor was WPM = 7.4, MSD error rate [15] equals about 13.2%. Considering
only the last trial, when participants were more experienced, the results were
better (WPM = 7.76, MSD = 7.36).

So far the approaches of typing the Braille code in the air have not been
presented. Therefore, described method can be compared to virtual Braille
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Fig. 4. Research tool

Table 1. Results of typing in the air.

Trial User 1 User 2 User 3 User 4 User 5 User 6

time err time errk time err time err time err time err

1 96 14 73 8 66 8 78 12 69 5 81 7

2 98 10 76 4 62 5 72 10 61 1 69 8

3 77 11 72 5 61 4 71 6 54 0 74 3

4 74 10 67 2 54 4 66 9 51 2 72 3

5 81 6 63 0 62 1 67 7 55 0 71 5

avr 85.2 10.2 70.2 3.8 61 4.4 70.8 8.8 58 1.6 73.4 5.2

Table 2. Comparison to virtual Braille keyboards.

Name No. fingers WMP MSD error rate

BrailleType 1 1.45 8.91%

Perkinput 3 6.05 3.52%

Braille in the air 6 7.4 13.2%

Braille in the air (best) 6 7.76 7.36%

BrailleTouch 6 23.2 14.5%

keyboards using the touch screen of mobile devices (Table 2). The obtained
results locate the air approach in the middle of the list. The most similar solu-
tion is the BrailleTouch because it also represents the idea of “one finger per one
dot”. It presents better typing efficiency [16] due to the special way of holding
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the phone, but its error rate is worse - especially in the case of last trial of typing
in the air.

5 Conclusions

The Leap Motion controller has become very popular device lately because of its
use for VR goggle needs. As we have shown it can be also used for blind people.
Dots of the Braille code can be indicated by corresponding fingers.

The major advantage is the independence from the plane of typing. Both
hands may be kept free in the air, although they must be in the space observed
by the controller. This space is much wider than the size of mobile touch screens,
so provides greater freedom of typing.

Obtained results are satisfactory. The typing speed is comparable to
approaches using touch screens of mobile devices. Moreover, it can be improved
by personalization that takes into account the user’s fingers length (the distance
between the palm and the base plane) and the speed at which relevant fingers
taps dots in the air (proper number of skipped frames recorded by the controller).

The disadvantage of this solution is possible fast tiredness when typing long
text. It would be a good idea to use hand support to palms in a proper distance
above the controller (about 20–30 cm).
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