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Abstract 
This research analyzes optimal algorithmic strategies to design a standalone language translator capable of processing Spanish, Quechua, Italian, 
Portuguese, French, German, Russian, Mandarin, and English. The proposal focuses on correlating a specific vocabulary distributed across verbs, 
pronouns, nouns, and conjunctions. Every word is represented through a geometric analysis to identify morphological roots and establish cross-
linguistic equivalences. Polynomial models and adaptive modulating functions are implemented within a discrete domain to minimize translation 
errors word-by-word. The resulting system is executed by a portable microcontroller architecture integrated with a local human-machine interface, 
eliminating internet dependence. This practical device aims to support communication between researchers and native agricultural communities in 
the Peruvian Andes, facilitating the exchange and preservation of traditional farming knowledge under a strict framework of cultural respect. (p. 1) 
 
Keywords: adaptive algorithms; machine translation; mechatronic prototypes; speech processing; 3D surface reconstruction. 

 
 

Sistema traductor inteligente (9 idiomas) basado en algoritmos 
adaptativos para prototipos portátiles basados en microcontroladores 

para su uso en tareas agrícolas de las montañas de los Andes 
 

Resumen 
Esta investigación analiza estrategias algorítmicas óptimas para diseñar un traductor de idiomas autónomo capaz de procesar español, quechua, 
italiano, portugués, francés, alemán, ruso, mandarín e inglés. La propuesta se centra en correlacionar un vocabulario específico distribuido en verbos, 
pronombres, sustantivos y conjunciones. Cada palabra se representa mediante un análisis geométrico para identificar raíces morfológicas y establecer 
equivalencias lingüísticas. Se implementan modelos polinomiales y funciones de modulación adaptativas en un dominio discreto para minimizar los 
errores de traducción palabra por palabra. El sistema resultante es ejecutado por un microcontrolador portátil integrado con una interfaz humana local, 
eliminando la dependencia de internet. Este dispositivo práctico busca apoyar la comunicación entre investigadores y comunidades agrícolas nativas 
de los Andes peruanos, facilitando el intercambio y la preservación del conocimiento agrícola tradicional bajo un marco de respeto cultural. (p. 2) 
 
Palabras clave: algoritmos adaptativos; traducción automática; prototipos mecatrónicos; procesamiento de voz; reconstrucción de superficies 3D. 
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1 Introduction 
 
In this article was analyzed the algorithm design for 

correlation between words according to find coincidences, 
which means their translation. Therefore, it was necessary to 
associate the meaning of words before the correlation between 
the target words (that is looked for its translation with the 
selected language by the user) [2,14].  

The criterion for the word’s selection was given by support 
of a mathematical model based on adaptive modulating 
functions, but it was discretized. Moreover, according to 
optimize the required memory for the designed system, it was 
designed the mathematical correlation between the previous 
discrete model with a 3-dimension (3D) surfaces 
reconstruction. It means, by geometry in 3D it was associated 
words by languages, roots and similitudes [1].  

In effect, this article can help to get the correlation between 
a geometrical analysis of comparisons words, which are 
proposed as translation depending on a selected language that 
user could need. It means, the interpreter receives the user voice 
(analogic signal) that is interpreted by geometrical comparison, 
in other words: the amplitude and frequency for every 
introduced word parameter, to associate a geometrical figure, in 
consequence, it is possible to be used in the designing of a 
simple device, which doesn't depend on Internet to get 
translation that can be practically used by users.  

 
1.1 Problematic 

 
Many devices can give support for mechatronic applications 

according to work by voice instructions [6], such as for 
example: switch on and switch off motors. Nevertheless, there 
is the trouble that response of the system cannot be warranted 
owing to the time required to interpret the user commands the 
capabilities of voice-controlled devices can be limited if the 
user speaks a language different from the one originally 
programmed. Thus, the proposed system can analyze 9 different 
languages to develop different tasks, such as for example it is 
evaluated in this work the performance of the designed 
translator by the voice control over an automat. 

 
2 Theoretical analysis 

 
The translation among words has optimal results, when it is 

based on a sophisticated algorithm according to search the target 
word (word to be translated) [5]. However, this kind of algorithm 
needs also hardware requirement [7] that is given by the memory 
space to store the data base of words in different languages [10,12]. 
Therefore, the word selection, such as it is depicted on the figure 1, 
is achieved by comparisons between the “target” word with every 
one of the words that were stored in the memory till it is obtained 
the successful translation “SiL1, SiL2, …SiL9”. The translation 
process (it is represented by the Fig. 1) was associated to 
Modulating Functions, adaptive analysis on discrete domain. 

The Eq. (1) provides information for the changes size of a 
closed curve depending on the function “𝜙𝜙”, also “𝑔𝑔” is the 
indication border function and “𝛼𝛼” is the wave curve area 
change. Otherwise, these changes of “𝜙𝜙” on the time domain is 
correlated with the changes of its border and changes on the 
geometry of “𝜙𝜙” and adjusted by weights “𝛼𝛼” [3]. 

 
Figure 1. The representation of the worlds translation by 3-dimension 
reconstruction analysis 
Source: Own elaboration. 

 
 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = 𝑔𝑔|𝛻𝛻𝛻𝛻|𝑑𝑑𝑑𝑑𝑑𝑑(𝑢𝑢𝑛𝑛) +  𝛻𝛻𝛻𝛻.𝛻𝛻𝛻𝛻 +  𝛼𝛼𝛼𝛼|𝛻𝛻𝛻𝛻| (1) 

 
In which “𝑢𝑢𝑛𝑛” is given by the following Eq. (2). 
 

𝑢𝑢𝑛𝑛 =  
𝛻𝛻𝛻𝛻

|𝛻𝛻𝛻𝛻| (2) 

 
The following Eq. (3) is an expansion of the previous Eq. (1) 
 
𝜕𝜕𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕 = 𝑔𝑔𝑥𝑥,𝑦𝑦,𝑧𝑧 �
𝜕𝜕2𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝑥𝑥2 +
𝜕𝜕2𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝑦𝑦2 +
𝜕𝜕2𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝑧𝑧2 �

+ �
𝜕𝜕𝑔𝑔𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕  
𝜕𝜕𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕 +  
𝜕𝜕𝑔𝑔𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕  
𝜕𝜕𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕

+  
𝜕𝜕𝑔𝑔𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕  
𝜕𝜕𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧

𝜕𝜕𝜕𝜕 � +  𝛼𝛼𝑔𝑔𝑥𝑥,𝑦𝑦,𝑧𝑧�𝛻𝛻𝜙𝜙𝑥𝑥,𝑦𝑦,𝑧𝑧� 

(3) 

 
Hence, the Eq. (4) is a scalar version of the Eq. (1) that is another 

view to prepare a reconstruction algorithm, which also correlated by 
3D reconstruction association by the translation proposed model. 

 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = 𝑔𝑔|𝛻𝛻𝛻𝛻|𝛻𝛻.

𝛻𝛻𝛻𝛻
|𝛻𝛻𝛻𝛻| + (

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 ,

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 ,

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕). (

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 ,

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 ,

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕)

+  𝛼𝛼𝛼𝛼|𝛻𝛻𝛻𝛻| 
(4) 

 
Generalizing the function that keeps information of the 

captured image is given by the Eq. (5), because of the function 
“f” in the domain “x” and “y”. 

 
𝜓𝜓 =  𝑓𝑓(𝑥𝑥,𝑦𝑦) (5) 

 
Proposing an adaptive estimation by the Eq. (6), where the 

weight variable is “w” in order to adapt a reconstruction of the 
studied word (during the “n” adapted estimation), as well as the 
adjusted coefficient “µ”, moreover the error “𝑒𝑒(𝑛𝑛)”. 

 
𝑤𝑤(𝑛𝑛 + 1) =  𝑤𝑤(𝑛𝑛) +  µ 𝑒𝑒(𝑛𝑛)𝜓𝜓(𝑛𝑛) (6) 

 
The effect of the adaptation in the reconstructive model 

helps to organize the translated word due to on the stored  
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Figure 2. Adaptive correction to enhance the proposed translation 
Source: Own elaboration. 

 
 

memory of the main system. The correction is the reference 
variable, such as for example to not confuse phonetic 
coincidences, which also is depicted by the figure 2, from 
“𝜓𝜓(𝑛𝑛)” to “𝜓𝜓(𝑛𝑛 + 1)”. 

After to design the mathematical model that evaluates the 
translated word as response of every tested input data (every 
input word), it was designed an adaptive algorithm according to 
complement the correct solution. In fact, as the 3D 
reconstructed solution is enhanced by the adaptive algorithm, 
then the translated word is a result solution of a kind of 3D 
surface filter [4]. 

Notwithstanding, it must be prepared a memory space, in 
which are stored a big quantity of words that also are distributed 
by sections “languages: Quechua, Spanish, Portuguese, French, 
Italian, English, Deutsch, Russian, Chinese”. Furthermore, 
every language distribution has divisions: by “substantives, 
nouns, verbs and adjectives”. Hence, the input word is 
introduced by sound (analyzed on time and frequency domain). 

The following paragraphs describe the mathematical 
analysis to operate the input data that is an analog signal based 
on the user voice. Therefore, it must be interpreted or identified 
its amplitudes and frequencies, according to correlate a 
geometrical figure, as well as its reconstruction, which was 
studied in paragraphs above. 

Hence, it was analyzed the sound wave equation due to its 
solution can proportionate the voice by a mathematical model, 
where the Eq. (7) is given as a kind of sound wave model. 

 

𝑃𝑃 −
1
𝑎𝑎2
𝜕𝜕2𝑃𝑃
𝜕𝜕𝑡𝑡2 = 𝜙𝜙 (7) 

 
It is proposed a solution by the Eq. (8) 
 

𝑃𝑃 =  𝑓𝑓(𝑥𝑥, 𝑦𝑦, 𝑡𝑡) (8) 

 
Thereby, a proposed reconstruction of the word 

(information of a possible meaning from “P”, as well as it must 
be complemented “P” with others data from complemented 
sensors to get a 3D graphic description of “P”), which is 
suggested by the Eq. (9) 

 
𝑤𝑤(𝑛𝑛 + 1) =  𝑤𝑤(𝑛𝑛) +  µ 𝑒𝑒(𝑛𝑛)𝑃𝑃(𝑛𝑛) (9) 

 

An achieved solution is proposed by the Eq. (10) depending 
of the adaptive estimation on “n”. 

 
𝑃𝑃(𝑛𝑛) =  𝑓𝑓(𝑥𝑥, 𝑦𝑦, 𝑡𝑡,𝑛𝑛) (10) 

 
Consequently, it was proposed a Boundary Condition (BC) 

function “g” according to find optimal translation by the Eq. 
(11): 

 
𝛻𝛻𝛻𝛻 − 𝜆𝜆𝜆𝜆𝜆𝜆 =  0  (11) 

 
3 Experimental analysis 

 
For the experiments, it is suggested to select a microphone 

connected to the microcontroller that could execute the 
algorithm based on the mathematical analysis that was studied 
in this research. Therefore, the input signal provides amplitudes 
and frequencies in order to prepare a surface that could 
represent the introducing word by the user.  

The following paragraphs there will be studied some words 
and their phonetic coincidences to determine translation, 
independent of the language stored by user in designed system. 
After to get this information, the comparison must be done by a 
3D reconstruction in order to get the optimal translation. 

The following Tables 1 and 2 show the comparison translations 
among 9 languages and different words to analyze them. The yellow 
color depicts pronunciation similitudes for languages “Spanish, 
Italian, French and Portuguese”, moreover under less pronunciation 
similitudes are obtained for “English and German”, as well as for 
“Russian and Chinese” (green color respectively).  

Notwithstanding, for the languages indicated in light blue 
color, there are not pronunciation similitudes. It means that for 
the table 1 there are more phonetic coincidences between 
Italian, Spanish, Portuguese, languages as well as reducing the 
phonetic coincidences in 4 percent (by Table 1) with French, 
German, English languages. By other side, the languages 
Quechua, Russian and Chinese languages (for the proposed 
Table 1) tend to keep independence in phonetic coincidences.  

As it was showed substantives by the Table 1, thus, Table 2 
presents nouns. It means that the phonetic coincidences between 
Italian, Spanish, Portuguese, French, German and English increased; 
moreover, the languages Quechua, Russian and Chinese keep 
phonetic distances also in nouns, which is described by the Table 2.  

 
Table 1. 
Multilingual linguistic matrix for nouns in the proposed adaptive translator 
system. 

Language (1) (2) (3) (4) (5) 
Quechua Urqu Inti Yaku Killa Sacha 
Spanish Montaña Sol Agua Luna Árbol 
Portuguese Montanha Sol Água Lua Arvore 

French Montagne Soleil Eau Lune 
(line) 

Arbre 
(arjba) 

Italian Montagna Sole Acqua Luna Albero 
English Mountain Sun Water Moon Tree 
Deutsch Berg Sonne Wasser Mond Baum 

Russian Гора 
(gora) 

Солнце 
(solntse) 

Вода 
(vada) 

Луна 
(luna) 

дерево 
(derevo) 

Chinese 山 (shān) 日 (rì) 水 (shuǐ) 月 (yuè) 木 (mù) 
Source: Own elaboration. 
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Table 2. 
Multilingual linguistic matrix for pronouns in the proposed adaptive translator 
system. 

Language (1) (2) (3) (4) (5) (6) 
Quechua Ñuqa Qam Pay Ñuqanchik Qam Paykuna 

Spanish Yo Usted / 
Tú Él / Ella Nosotros Ustedes Ellos / 

Ellas 
Portuguese Eu você Ele / Ela Nós Você Eles 
French Je Toi (tuá) Il / Elle Nous Toi (tuá) Ils 
Italian Io Voi Lui / Lei Noi Voi Esi 
English I You He / She We You They 
Deutsch Ich Sie / Du Er / sie Wir Sie / Du sie 

Russian Я (iá) Вы (Bí)  
Ты (Tí) 

Он (on)  
Она (Aná) нас (nas) Ты (Tí) Они 

(aní) 

Chinese 我 (Wó) 你 (nǐ) 他 (Tá)  
她 (tá) 

我们 
(wǒmen) 你 (Nǐ) 他们 

(Tāmen) 
Source: Own elaboration. 

 
 
As the part of the experimental results, consequently to 

correlate the wave equations that were described in 
paragraphs above, the obtained solutions for every 
introduced word is achieved by the user and selected the 
decided language translation. The next step is to compare by 
surface analysis, because of based on amplitudes and 
frequencies achieved from every introduced word.  

Hence, it was possible to attribute a specific surface for 
every one of them, consequently the translation is equivalent 
of 3D reconstruction of the achieved surface with the target 
surface. It means with the expected language is obtained the 
translation for the inserted word by the user. 

In effect, the following Fig. 3 represents the 3D 
reconstruction based on the desired translated word, because 
of the introduced word by the user. It is possible to see the 
coincidence between the geometrical figure (surface) 
associated that tends to be a cylinder (in the proposed case), 
because of the equivalent of the amplitude and frequency 
achieved from the wave equation solution, associated for the 
input signal by user. It means the word that was selected by 
user was obtained by the wave equation. Hence, there were 
found similitudes for different candidates of words. It means 
that the system could answer for an input signal as it could 
be the task to look for the meaning of the word "sun" in 
English and looking for the translation in Spanish "sol", in 
Chinese "Ri" and so on.  

So, for this word it was obtained every possible case to 
give result for the user in the equivalent translated language, 
owing to the three-dimension reconstruction figure analysis. 

The proposed article, in consequence, summarizes the 
technical strategies to prepare a simple translator, which is 
independent of INTERNET models. Therefore, it can be 
used by Andes mountains agriculture applications that were 
provided for researchers and students around the world who 
look for researching interaction with people. It means the 
translator helps in the language compression, because of 
villagers can share older agriculture knowledge as well as 
they can receive new technique experience from modern 
technologies. 

 
Figure 3. 3 Dimension reconstruction for the equivalent translation algorithm. 
Source: Own elaboration. 

 
 

4 Conclusions 
 
It was possible to correlate a wave equation for the input 

signal selected by the user, the words in equivalent of electrical 
signal needs to be organized by frequency and amplitude 
equivalent, as well as the achieved signal can find a solution in 
the wave equation. 

This research is determined by the correlation of the wave 
equation solution by an associated surface to look for a 
geometrical operation on the algebra analysis for the translation 
word, as the main task. Furthermore, the achieved results are 
looking for being a support among Andes Mountain villagers 
and researchers due to share agriculture strategies. 

Finally, the translation effect was reduced to a surface 
comparison on group of figures that were distributed by 
languages, by sets of nouns, verbs, substantives. Wich gives a 
result and the desired figure by the user can be returned as a 
wave equation solution that could be possible to return an 
electrical value and a reproduced sound too again (it can be sued 
to get a simple and useful communication between people with 
native communities, of course by deep respect of their culture 
and older civilization knowledge). 

 
5 Outlook 

 
This work can be extended to find machine interactions by 

thought analysis, when it could be correlated by brain impulse 
signals. 
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