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ARTICLE INFO ABSTRACT

In this work, we investigated the work of a neural network for recognizing speech in 
the Mongolian language and the emotional state in it. For the experiment, we used four 
commonly used words, which are composed of frequently used consonants and vowels. 
Emotional states in the speech were selected taking into account further research on 
changes in human mental disorders. For the analysis, we used a database of speeches 
of 12 men and women with eight types of emotions. Neural eat recognizes words by 
syllables with an efficiency of up to 96 percent, and emotions - up to 80 percent. These 
results show that for further analysis of human mental disorders, it remains only to 
collect a database from the speeches of patients of the relevant medical institutions.
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Mini Review
Speech recognition as one of the methods of automatic 

speech analysis allows analyzing a person’s mental state, such as 
loneliness [1], depression [2] and predicts the development of 
psychosis that accompanies many mental disorders, including, for 
example, schizophrenia and bipolar disorder [3,4]. A change in the 
psychological and mental state of a person is found in the violation 
of both semantic and syntactic components: for example, poverty 
(using simple constructions and understanding only closed types 
of questions) and confusion (impaired speech coherence) of speech 
[5]. For the analysis of human speech, the choice of parameters by 
which we determine the mental state of a person also depends on 
whether it is written or oral. If audio recordings are examined, then 
the spatial and temporal parameters of speech should be taken 
into account: pauses, voice pitch, and the average time spent on 
pronouncing one word. Also, to increase the reliability of the result, 
the most frequent words and phrases used by people with different 
diagnoses should be calculated. Based on these parameters, using 
them to distinguish features, the neural network issues a “diagnosis” 
about the mental state of a person [2]. Therefore, to master the 
methods of automatic analysis of a person’s mental state based on  

 
oral speech in Mongolian, we needed to develop a neural network 
that recognizes not only words, but also syllables in a word, and 
also distinguishes such parameters of a speech signal as pauses, 
voice pitch and average time spent pronouncing one word.

Materials and Methods
To recognize words and a syllable in a word, we used a neural 

network based on the Levenberg-Marquardt method [6]; after 
training, the neural network recognizes short words or speech 
syllables in Mongolian with an accuracy of 96.5 percent. (Table 
1) shows the words and syllables used, and the numbering of the 
columns in the table corresponds to the numbering on the error 
matrix [7] used to assess the accuracy (Figure 1). The error matrix 
allows you to evaluate the efficiency of the algorithm used by 
comparing the prediction and the real value. These words were 
chosen for the reason that they are often used in colloquial speech 
and they contain the basic sounds of speech in the Mongolian 
language. Besides, noise is recognized to better highlight non-
voiced vowels and consonants when splitting words into syllables. 
In addition to recognizing words and syllables, for the analysis of a 
person’s mental state, such parameters of a speech signal as pauses, 
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voice pitch, and the average time spent on pronouncing one word 
are distinguished. Calculating such parameters of a speech signal 
as speech rate, speech signal energy, pitch frequency, I, II, and III 
formants, as well as I, II, and III coefficients of the chalk filter bank 
[8,9], we recognized eight types of emotions in speech human 
[10,11]:

a.	 Neutral speech

b.	 Calm speech

c.	 Joyful speech

d.	 Sad speech

e.	 Angry speech

f.	 Frightened speech

g.	 Speech with disgust

h.	 Surprised speech

Figure 1: Confusion matrix in word recognition and syllable in a speech word in Mongolian.

Table 1: Words and syllables of words in the Mongolian language for training a neural network.

Columns Correspond to the 
Numbering in the Error 

Matrix
1 2 3 4 5 6 7 8 9 10

Words and syllables in 
Mongolian ас буд будэг дэг г шуугиан тар ун унтар тод

Transcription As Bud Budge Deg G Noise Tar Un Untar Tod

Number of samples for 
training 149 114 32 117 69 118 130 130 20 153

To analyze the emotional state of a person with the help of 
speech signals and train the neural network, a database consisting 
of the speech of 12 men and 12 women was used. And the result of 
training and recognition of the emotional state of a person from his 
speech is also shown in the form of error matrices in (Figure 2). The 
error matrix in (Figure 2) shows that the neural network recognizes 
emotion in human speech with a probability of 80.5 percent. The 
results obtained enable us to conclude that we correctly calculate 

the speech parameters we need to analyze and determine the 
mental state of a person. Speech recognition using a neural network 
not only allows you to analyze the mental state of a person but also 
allows you to detect and classify speech pathologies [12], helps in 
the detection of Parkinson’s disease [13], and to identify loneliness, 
which becomes a factor in the development of type II diabetes [14] 
and ischemic heart disease [15].
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Figure 2: Confusion matrix in recognizing emotions in a person’s oral speech: the numbering corresponds to emotions in a 
person’s speech.

Conclusion and Further Work
It is obvious that the introduction and development of modern 

artificial intelligence technology in various fields of medicine is 
a very important task, but most of the research and experiments 
were carried out in a native speaker of English or another popular 
language. Therefore, we began our research on a neural network 
for speech recognition in the Mongolian language and highlighting 
the parameters necessary for analyzing the speech signal. The 
neural networks that we trained for the Mongolian language are 
good at recognizing both words and emotions with efficiency up 
to 96 and 80 percent, respectively. In the future, we plan to contact 
medical centers in the country and work with patients who need 
one or another support, both mental and pathological treatment.
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