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ABSTRACT 
 

The system presented allows the interpretation of the movements of a hand. With sensors integrated with a 
Micro Bit card and the use of recorded voice, the concatenation of phonemes is generated. The result allows 
relating each degree of movement of a hand with the X and Y axes to reproduce a specific phoneme. Time-
series analysis is performed in a range from -90o to 90o for both the X and Y axes; in such a way that by 
comparing the data generated and those previously stored, it is possible to relate a movement to a specific 
phoneme. In the concatenation of phonemes, recursion was used through graphs. Therefore, audio output is 
delivered. Intelligibility greater than 84% is obtained for a total of 350 phonemes. The system was developed 
using recursive functions in graphs. 

Keywords: BBC Micro Bit; accelerometer; degrees of hand positions; phoneme; Cartesian x, y-axes; recursive 
 
1. INTRODUCTION  
 

Image processing is normally used for the 
recognition of the human body [1]; however, it is not 
always possible to have a camera in front of you. Due 
to this difficulty, it is necessary to implement other 
techniques that allow greater mobility. Hands are an 
essential part of the human being, and therefore a 
basic part of communication [2]. So, it is feasible to 
use them for voice generation from hand movements 
[3]. This article shows the design of a system that 
allows interpreting movements measured in degrees 
of inclination of the hand for the generation of basic 
phonemes [4], the project proposes the generation of 
signs with one hand. A sensor is characterized to 
obtain an equation that allows translating positions 
to degrees for each X, and Y-axis. The management 
of the inclination of the limb facilitates the 
interpretation, by using degrees and relating it to a 
natural movement of the hand [5]. An embedded 
Micro Bit system [6] and a card are used to transmit 
information wirelessly to the phoneme player, to 
improve mobility. In this way, a voice reproduction 
system based on phonemes is designed that uses the 
technique of graphs. 

General objective 

Develop a system that allows the generation 
of words through concatenated phonemes from the 
movement of a hand. 

Specific objectives 

 Establish a database of 350 phonemes of 
spoken Spanish. 

 Specify utilizing graphs the design of the 
software that concatenates the phonemes 
and implements it in a hardware design. 

 Establish the words that correspond to the 
movements of the hand. 

2. RELATED WORKS 

In [7] the detection of manual signals 
through an electronic device such as a Tablet and 
external sensors was proposed. It can detect up to 20 
different hand signals, with IMU sensors that are 
placed on the fingers. In the system [8] a solution for 
deaf-mute people is proposed through the 
recognition of hand gestures and the use of a deaf-
mute language. Some researchers use sophisticated 
algorithms such as the use of convulsive neural 
networks that require training [9]; and there are 
projects with image processing that overlook the 
difficulties of having a camera in front of the person 
or that it is required to hold it with the other hand 
[10]; where there are also image processing 
techniques that do not solve the segmentation before 
different scenarios and the characterization of 
different cameras. In [11] and [12] the recognition of 
manual signals using muscle tension sensors for a 
specific language such as Hindi is highlighted. In the 
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area of pattern recognition, many deals with motion 
recognition [13]; However, designing mechanisms is 
difficult [14], since it requires a great mastery of the 
tools; Despite this, with the appearance of block 
programming, programming [15] and hardware 
design are facilitated. These blocks are like functions 
that, given an input, deliver an output, which 
requires a way to describe them, one of these ways 
being recursion, which in the present case depends 
on probabilities [15][16]. It is here where we can 
relate these blocks with graphics and thus simplify 
the design and consequently improve the application 
[17] [18] [19]; thus, it is possible to attack the 
conversion of motion to speech based on how the 
signal changes in the time simply and efficiently. 

The design of systems based on directed 
graphs or not allows establishing a correspondence 
even between the design of combinational, 
sequential, or probability-based systems and the 
algebra of graph theory [18]. 

So, a question arises. Is it feasible to 
develop a movement-to-speech conversion system to 
support people who are deprived of speech that can 
be carried without affecting the mobility of the user? 

 
3. METHODS AND IMPLEMENTATION 
3.1 Sections and Subsections 

The BBC Micro bit is a 4x5 cm 
programmable embedded system [6]. It incorporates 
sensors such as light, temperature, movement, etc. 
The card enables wireless communication via 
Bluetooth and radio. See figure 1a. ISD devices are 
used for audio storage [20]. See Figure 1b. Of these 
devices, the main characteristic to consider is their 
storage capacity for store a few seconds to minutes. 
See figure 1b. Enough time to save many phonemes, 
with ranges that go from 1 to a maximum of 3 
seconds. A PICAXE microcontroller is a family 
based on PICs. They have pre-programmed 
firmware that enables code to boot directly from a 
PC, simplifying the development of embedded 
systems. The PICAXE is used to control access to 
the phonemes stored in the integrated ISD. For 
wireless transmission, you can use any of the 
embedded modules for Arduino or, as in our case, an 
HC05 for Bluetooth. See figure 1c. Bluetooth 
included in the Microbit card could be used. 
 

 
a) Micro Bit card. 

 
b) Integrated ISD for 
audio storage. 

 
c) HC 05 module 

 

 
 
 

Figure 1: Main components of the system 

 
3.2 Methodology for the development of the 

system 
A general sketch of the system is shown in 

figure 2. It is made up of two elements, the Micro Bit 
card, and the Wi-Fi card. The Micro Bit card 
contains the accelerometer. As the prototypes were 
developed, they were modified to improve their 
performance. Also shown in the figure are a 
PICAXE microprocessor and the audio module used 
to concatenate the phonemes.  
 

 
 
Figure 2: Diagram of the Prototype 1 system. 

Prototype 1 is capable of extracting data 
obtained during the realization of the manual signs, 
the data obtained are the accelerometer values in the 
X and Y axes. A code corresponding to the signal is 
sent through the wireless connection. The codes are 
interpreted by the processor, so they are related to 
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the corresponding phoneme, and the sounds are 
concatenated to form a word. 

 
In figure 3 you can see the procedure used 

by prototype 2. The variable "I" indicates when the 
signal processing starts. It consists of assigning 
values depending on the acceleration. 

 

 
 

Figure 3: Prototype design 2. 

Prototype 3 converts the signals from the 
sensor (accelerometer) into degrees of inclination for 
both X, and Y axes, which are sent to the 
comparator. See figure 4. To achieve the objective, 
it is not enough to use functions for linear sensors, 
since they move away from reality. For this reason, 
it is necessary to obtain a mathematical equation for 
said action. The output is sent to the comparator 
"Prototype 4". 
 

 
 

Figure 4: Prototype design 3. 

Prototype 4 oversees the data analysis; The 
objective is to identify the signal that the user is 
making; which it compares with the previously 
stored data and in this way assigns the corresponding 
code to send it through the wireless connection. See 
figure 5. 
 

 
 

Figure 5: Prototype design 4. 

The discrete function approximation 
problem arises from a finite set of data. 

(𝑥 , 𝑌) 𝑡𝑜 𝑖 = 1 … . 𝑁 (1) 

Equation (1) represents exact or 
approximate values, to a function Yi. With these 
data, an attempt is made to construct a piecewise 
polynomial function r (x), such that 

𝑟𝑟(𝑥) ≈ 𝑌  (2) 

It is called a polynomial because generally, 
its algebraic expression is of the form: 

𝑌 = 𝑎 + 𝑎ଵ𝑥 + 𝑎ଶ𝑥ଶ + 𝑎ଷ𝑥ଷ

+ ⋯ + 𝑎𝑥 
(3) 

In figure 6 you can see the graph of the X-
axis from -90 ° to 90 °. From the graph, the 
characteristic equation (4) is obtained as a 
polynomic of the 6th degree [21]. The Red line 
indicates the original data while the blue line is the 
polynomial curve. 

 

 
 

Figure 6: Plotted data of the X-axis. 

Equation (4) allows converting the readings 
obtained by the accelerometer to degrees of 
inclination. The Red line indicates the original data 
while the blue line is the polynomial curve. See 
figure 6. 

𝑋 = 𝑝ଵ𝑥 + 𝑝ଶ𝑥ହ + 𝑝ଷ𝑥ସ + 𝑝ସ𝑥ଷ

+ 𝑝ହ𝑥ଶ + 𝑝𝑥
+ 𝑝 

(4) 

Where the coefficients are:  

 p1=4.8007e-18 
 p2=4.8668e-14 
 p3=-5.6517e-12 
 p4=-2.5461e-08 
 p5=9.3549e-07 
 p6=0.060532 
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 p7=-0.016071. 
 
Figure 7 shows the graph of the Y-axis from 

-90 ° to 90o. The characteristic equation (5) is a 6th-
degree polynomial for the Y-axis. 

 
𝑌 = 𝑝ଵ𝑦 + 𝑝ଶ𝑦ହ + 𝑝ଷ𝑦ସ + 𝑝ସ𝑦ଷ

+ 𝑝ହ𝑦ଶ + 𝑝𝑥
+ 𝑝 

(5) 

 

 
 

Figure 7: Y-axis plotted data. 

 
Where the coefficients are:  

 p1=5.148e-18 
 p2=3.727e-14 
 p3=-7.232e-12 
 p4=-2.656e-8 
 p5=1.251e-6 
 p6=0.06188 
 p7=-0.1247 

 
With equations (4) and (5) is possible to 

implement the conversion of acceleration to degrees 
of inclination that are transformed into codes 
associated with a phoneme. 

 
3.3 DTW Dynamic time warp 
Dynamic time warping (DTW) is a method that gets 
alignment between time series. When a series 
deforms non-linearly in time, the similarity among 
the time series is employed. Distance is measured by 
adding the distances between points matched by 
vertical lines. If the time series are identical, they 
will have DTW distances equal to zero [22]. The 
Euclidean distance is used in DTW. If you have time 
series X and Y of lengths | X | and | Y |, They are 
expressed by equations (6). 

 
𝑋 = 𝑥ଵ, 𝑥ଶ, … , 𝑥 , … , 𝑥|௫|                        (6) 

𝑌 = 𝑦ଵ, 𝑦ଶ, … , 𝑦 , … , 𝑦|௬| 
 
construct a warped path W 
 

𝑊 = 𝑤 , 𝑤ଶ, … , 𝑤 
max(|𝑋|, |𝑌|) ≤ 𝐾 < |𝑋| + |𝑌| 

 
K is the measurement of the deformation 

route, kth is an element of the deformation path; i 
and j are the indexes of the time series of X and Y. 
The deformation way starts at w1 = (1, 1) and 
finished at wK = (| X |, | Y |). The deformation lines 
do not overlap and all the indices from each time 
series must be used: 

 
𝑤 = (𝑖, 𝑗), 𝑤ାଵ = (𝑖ᇱ, 𝑗ᇱ) 

𝑖 ≤ 𝑖ᇱ ≤ 𝑖 + 1, 𝑗 ≤ 𝑗ᇱ ≤ 𝑗 + 1 
 

The best trajectory occurs when there is a 
minimum deformation distance, which can be 
deduced by equation (7). Where Dist (wki, wkj) is the 
separation of the two data point indices of time series 
in the kth element of the deformation way. 

 

𝐷𝑖𝑠𝑡(𝑊) =   𝐷𝑖𝑠𝑡

ୀ

ୀଵ

 (𝑤 , 𝑤) 
 

    (7) 

  
3.4 Voice processing – phonemes 

During the test, the WAV structure was 
used at a sampling frequency of 11025 Hz in a single 
channel at 16 bits. When making the recording, the 
phoneme was filtered to eliminate input noise and 
delimit the size of the phoneme to adjust it to a time 
interval. It was necessary to select phonemes. 

 
Simple and complex vowel phonemes were 

recorded, as well as separate vowels; phonemes were 
also stored with consonants in the coda position that 
can be isolated and recorded [23]. When there are 
coda phonemes with consonants p and t they are 
saved, along with the attack and the nucleus [23]; for 
Some others, it was not possible to isolate them. 

 
3.5 Graphical modeling of the speech synthesizes 

For the design, the elements that make up 
the system were first defined, and the mathematics 
used was justified, then the graphs were established, 
which have a degree of abstraction without affecting 
the clarity of the project. Figure 8 presents the graph 
diagram of the speech synthesizer where each node 
represents a function or instruction depending on the 
specific or generic degree with which a solution is to 
be expressed. 
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Figure 8: Graph for synthesizer components. 

 
The Conca function has the task of 

concatenating the audio files into a single object, 
which is played. The tagged audio files are opened 
by reading each of the samples. These samples are 
then stored phonemes that you join. In figure 9, the 
graph of the Conca function is shown. 

 

 
 

Figure 9: Conca graph. 

The word or even phrase is reproduced with 
the possibility of adjusting the volume and balance 
using two variables of the module. 

 
4. RESULTS 

4.1 Obtaining data 
Prototype 2 is capable of extracting data 

obtained during the realization of the manual signals, 
the data obtained is the value of the accelerometer in 
the X, Y, and Z axes. The signals obtained by the 
accelerometer are observed in figure 16 and their 
variation concerning the placement of the hand is 
verified. Only the X values in blue and Y in Red 
were considered. See figure 10. 

 
Figure 10: Prototype 2 plotted data. 

4.2 Data time warping 
For the comparison of signals, DTW was 

used. Once the degrees of the movement of the user 
that corresponds to a phoneme have been stored; 
later when a person moves these compares using 
DTW. In figure 11 two signals are observed two 
different signals (Upper graph). When performing 
the alignment, the Euclidean distance is large. 

 
Figure 11: Different signals. 

Figure 12 compares two-hand movement 
signals with a certain degree of similarity. The 
quadratic distance decreased. 
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Figure 12: Almost equal signals 

In figure 13 two of the same signals will be 
compared. It is observed that the lines overlap, and 
the Euclidean distance is zero. To validate it is not 
necessary for the distance to be zero. An acceptance 
threshold can be given. 

 
Figure 13. Equal Signals. 

4.3 Phoneme generation 
The voice generated by the system has an 

intelligible medium quality. In Figure, 14a is the 
signal for the word “Hello”, while in Figure 14b the 
concatenation is shown. In the concatenated 
phoneme there is a reduction in the amplitude of the 
signal at the junction of the phonemes, which causes 
a sound without fluency. 

 

 
                          (a) 

 

 
                                  (b) 

Figure 14: Engraved “Hello” word 

When the tests were carried out to verify 
how understandable the voice is, only 15.66% did 
not understand the phrase or word. People had no 
knowledge of what words they would hear. Another 
test consisted of producing sentences with nothing in 
common, but coherent, and only 0.5% failed. The 
general results can be seen in tables 1 and 2. 

Table 1: Sentence compressibility 

Words understood correctly: 253 
Words misunderstood: 47 
Percentage of intelligibility: 84.34 %  

 

Table 2: Understandable of the phrases without 
some in common 

Phrases understood correctly: 224 
Phrases misunderstood: 1 
Percentage of intelligibility: 99.55%  

 
In Figure 15 you can see the hardware of 

the voice player. The functions seen as graphs were 
implemented in a microprocessor and the phoneme 
storage system [24]. Although Wi-Fi transmission 
was also used, which allows the use of an application 
on a cell phone or computer to generate the sound, 
without using the internet. 
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Figure 15: Physical voice reproduction system. 

4. DISCUSSION 

Comparing the results obtained concerning 
the reference articles, a system was obtained that 
made it possible to relate 350 movements with 
phonemes, a figure higher than that obtained in 
article 8 and that can be expanded if the gyroscope 
and the three coordinate axes of the accelerometer 
are considered. It allows mobility by not using a 
camera, which reduces complexity and avoids the 
problems generated by segmentation in a changing 
environment. Like the projects for the Hindu 
language, in our case the voice of Spanish is 
presented, a language that has many speakers in the 
world. 

5. CONCLUSIONS 

The main contribution of this work is to 
provide a system that allows people who for some 
reason have been deprived of their voice, to give 
them the means to communicate with the rest of the 
people, in this case in the Spanish language, where 
Like other countries, there are no jobs that cover this 
need. The project can be classified in the area of 
digital voice processing for the Spanish language. 

 
Hardware modeling using graphs allows 

complex problems to be solved simply. This allows 
faster programming using blocks. This saves time in 
system design. In the present article, the Micro bit 
card was used for the programming and recognition 
of movements, since it has an integrated 
accelerometer, which simplifies the detection of 
movements. 

 
When comparing the results obtained with 

the related works in terms of the number of identified 
signs, these far exceed, since up to 350 identified 
signs are reached. In addition to obtaining an 

application that gives the possibility to people with 
the impossibility of speaking to be able to 
communicate by producing phonemes through the 
movement of the hands. 

 
The use of graphs and block programming 

allowed the generation of a system with few 
components and simplicity in its assembly. This way 
of developing projects is one more contribution to 
the project. 
 

DTW turned out to be an efficient way of 
comparing hand movements. However, it is 
necessary to generate a motor code of hand or hand 
movements for the production of different words that 
expand the words that increase the dictionary used in 
this project. 
 
Regarding the objectives, the database of 350 
Spanish phonemes was established, using a design 
based on graphs that concatenate the phonemes, 
which generates words related to hand movements, 
thus meeting the objectives; however, it is necessary 
to generate a language based on movements that are 
easy to understand and use by people who lack 
speech, to achieve its universality not only for the 
deaf world but also for anyone. 
 
FUTURE WORK 

In future work; Use the Z axis of the 
accelerometer and the gyroscope to generate a 
greater number of phonemes and get the bases to 
obtain movements for a universal language. 
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