
230                                                PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 11/2011 

Janusz DULAS 

Politechnika Opolska, Instytut Elektrowni i Systemów Pomiarowych 
 
 

Automatic word’s identification algorithm used for digits 
classification  

 
 

Streszczenie. Artykuł przedstawia efekt kilkuletnich prac autora nad stworzeniem algorytmu automatycznej identyfikacji cyfr wypowiadanych w 
języku polskim. Nowatorska metoda wykorzystująca analizę obrazów otrzymanych z charakterystyk czasowych wypowiedzi pozwala na osiągnięcie 
lepszych rezultatów niż stosowane powszechnie analizy widmowe. (Algorytm automatycznej identyfikacji słów w wykorzystaniu do klasyfikacji 
cyfr) 
  
Abstract. This  article describes the results of some years of research into automatic digits’ identification algorithm for Polish. The new method 
based on the image recognition received from time characteristics gives better results than well known frequency domain analyses.  
 
Słowa kluczowe: Automatyczna segmentacja mowy, analiza czasowa, sterowanie za pomocą mowy, automatyczne rozpoznawanie mowy 
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Introduction 
 Automatic speech recognition systems are more and 
more popular in our life. Now we have voice-controlled 
mobile phones, radios, information systems and many 
others. Nowadays the most popular method used for 
automatic speech recognition is The Hidden Markov Model 
(HMM)  method [1,2,3] which is based on finding certain 
amount of states and the probabilities of transition among 
them. Another method which is not as popular as HMM 
method is the Neural Network application [4,5,6]. In this 
case The Neural Networks learn the right answers using 
many, mostly frequency domain parameters. The new 
method worked out by the author uses the images 
recognition received from the time characteristics of the 
spoken words. This is a new approach which doesn’t use 
the frequency domain parameters but the results of 
recognition are the same or better than in other methods.          
 
The grid method 
     This is the author’s method where on each pitch period 
the rectangle grid is placed and the binary matrix is 
obtained. This process is shown in figure 1. 
 
 

 
 
Fig.1. The grid placed on pitch period and binary matrix obtained 
from it.  
 

The size of the grid is automatically fitted to the pitch 
period duration and the signal’s amplitude. This way, the 

same word said with different amplitudes will give the same 
recognition result. Also fitting to pitch period duration is very 
important because each person has their own duration 
value. Usually women have a lower value than men. As 
author’s research showed for the first group it is between 2 
and 4 ms and for the second group it is between 4 and 11 
ms respectively. Pitch periods are present in all vowels and 
some consonants so the grid method enables finding such 
phonemes. The next step in automatic recognition process 
is comparing each matrix with 5 previous and 5 next 
matrixes and calculating the similarity coefficient. If more 
than 88% of bits in compared grids are the same – they are 
treated as similar. The value of the similarity coefficient 
could be between 1 (the analysed grid is similar only to 
itself) and 11 (the analysed grid is similar to 5 previous and 
5 next matrixes). Figure 2 shows the example of similarity 
coefficients obtained for the word “zero”. 
 
1,1,3,1,2,2,5,8,7,8,11,10,10,9,9,7,7,3,3,7,2,4,2,1,
2,3,2,1,2,1,1,1,1,1,3,2,3,5,1,2,5,4,3,4,3,5,4,6,5,6,
4,7,8,8,10,11,11,11,9,9,10,11,11,11,11,11,11,11,
10,9,11,11,11,11,11,11,11,7,11,11,10,9,8,2,4,4,1
,1,2,1,1,1,3,3,5,7,5,6,6,5,6,6,4,6,8,7,7,8,9,11,11,
11,11,11,11,6,7,7,7,7,7,8,8,9,7,8,7,6,7,2,4,3,3,2, 
 
Fig.2. Similarity coefficients obtained for word „zero”. 
 
The groups of similarity coefficient’s high value (usually 
equal or more than 3) mean the voiced phoneme and  
groups with lower values mean breaks between phonemes 
or transition zones. In figure 2 the voiced phonemes were 
matched with grey border. The first group represents 
phoneme “z” , the second “e” and the third “o”. there is no 
“r” phoneme because there are no pitch periods there. More 
details about the grid method were published in [7]. 
 
 The envelope analysis 

For digits from 0 to 9 set the envelope patterns were 
found. They are common for all speakers. Each pattern 
consists of some amount of parts where each part has the 
defined minimum duration and the amplitude range. The 
examples of patterns for digit 0,5 and 9 are shown in figure 
3.   

The envelope analyses were used in automatic digits’ 
recognition system. More details about the envelope 
patterns were published in [8]. 
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Fig.3. The envelope patterns for digits 0,5 and 9 
 
The noisy phonemes’ automatic localization 

One of the phoneme group’s are the noisy phonemes. 
They do not have any pitch periods and have big signal 
variety. In Polish digits they are included in 4,5,6,7,8 and 9. 
The examples of noisy phonemes in digits 4, 6 and 8 are 
shown in figure 4. As it is easy to observe, in one word 
there could be placed more than one noisy phoneme. As 
author’s research shows, they could be found if in the 
speech signal for at least 100ms there are no pitch periods, 
the number of local minima is big (usually more than 
200/100ms) and the signal amplitude is more than 5% of 

the maximum signal in the tested word. More details are 
presented in [9]. 
 

 
 

 
 

 
 
Fig.4. The noisy phonemes in Polish digits’ names (for 4,6,8) 
 
The algorithm of the automatic digits’ names 
recognition for Polish 

As the author’s research shows, using voiced phoneme 
finding, envelope analysis and noisy phoneme automatic 
localization enable to build the automatic digits’ names’ 
recognition algorithm. It is shown in figure 5.   

Noisy phoneme 

Noisy phonemes 

Noisy phoneme 
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Fig.5. The simplified automatic digits’ recognition algorithm 
 
    The first step is loading the file with recorded word. At 
present the *.txt file format is accepted but this is not a big 
problem to transform a file to other formats to *.txt.  
    Next step is a zero signal computing. Here 10ms signal 
before the recorded word is analysed and the mean value is 
computed. 
    The next operation is the basic period finding. Here the 
local signal’s minima are observed. If there are no lower 
signal’s values around the local minima, the signal’s value 
is lower than the “zero level” and the time between such 
minimums is longer than 2 ms it means that the beginning 
of the next basic (pitch) period is found. 
   The next step is the grids’ placing. If the beginnings of the 
following pitch period are found the grids placing is 
possible. On each basic period one grid is placed (Its size is 
fitted to the pitch period duration and to the signal 
amplitude).  

    The following step is coding the signal. Here in cells 
where there is signal the “1” is written and where there is no 
signal –“0”. This coding result is written to the binary matrix.    
     The next operation is the similarity coefficient computing. 
Each matrix is compared with five previous and five 
following. This way the coefficient’s value is received. Its 
value could be between 1 (there are no similar matrixes) to 
11 (all matrixes are similar).  
    The noisy phonemes finding is the next algorithm’s step. 
It is very important because it shows which matrixes could 
be used for voiced phonemes finding and which couldn’t. 
Also the position and number of noisy phonemes is 
important for phoneme’s structure building. 
    The next step is the voiced phonemes finding. Here the 
group of matrixes with high similarity coefficients are found. 
Also the groups with low similarity coefficients are analysed 
(they show the breaks between phonemes).    
     The next operation is word’s phonemes structure 
building. Here voiced phonemes are matched by “V” and 
noisy phonemes by “N”. Also their position in the word is 
important. This way the simplified phoneme’s structure is 
obtained. 
    Comparing with structure’s patterns is the next 
algorithm’s step. For each digit’s name spoken in Polish the 
simplified phoneme’s structure is written. These patterns 
are compared with the analyzed word’s structure. If any of 
them are the same it means that there is a high probability 
that the right recognition result was found.    
   The next operation is comparing with envelope’s patterns. 
Here, ten patterns (for ten digits) are matched to the 
analysed word. The similarity is given in per cents. The 
highest result means the highest probability of finding the 
right digit. 
  The last step is finding the recognition result. If the 
structure of the word is the same as the one of the 
structure’s pattern and the envelope shape is the same as 
envelope’s pattern for the same digit, it means that the right 
recognition result was found. Otherwise, the algorithm gives 
the message “unrecognized word” or suggests the most 
probable right answer.    

During the research, all records (500) were recognized 
correctly. As it was shown in figure 5, in block ‘Comparing 
with structure’s patterns’ 9 digits’ names out of 10 have 
different phoneme structures so only for differing digits “0” 
and “2” the envelope analysis is necessary. For others, it is 
the additional factor which tests the recognition’s result 
correctness.   

The block diagram shown in figure 5, shows only the 
main steps in automatic speech recognition algorithm. Each 
block consists of many operations but usually there are 
simple comparison operations which don’t need much time 
to make. Using an image recognition method allows to 
avoid a time consuming frequency analyses and gives quite 
good recognition results comparing to well known methods 
used nowadays in many applications [10].     
 
Summary 

The new method of speech identification presented in 
this article is based on the image of the signal’s time 
characteristic recognition. It was tested on 500 records said 
by people of different age and different sex. The results 
show that the quality of recognition is quite good and even 
better than the most popular methods used for frequency 
analysis. Although the research was made on the digits 
names from 0 to 9, the method could be useful for other 
words’ recognition. In this case only more envelope patterns 
must be defined. In the near future, the on-line system of 
automatic speech recognition will be built.   
 

Loading a file with recorded word 

„Zero level” signal computing 

Basic periods finding 

 Grids putting 

 Writting zeros and ones from grids to matrixes  

 Similarity coefficients computing 

 Noisy phonemes finding 

 Voiced phonemes finding 

 Word’s phonemes  structure building 

 Comparing with structure’s patterns: 
 

         VVV – „0” or „2” 
         VVVV – „1” 
         NV – „3” 
         NVV – „4” 
         VVN – „5” 
         NVN – „6” 
         NVVVV- „7” 
         VNVV – “8” 
         VVVVVN – “9” 
         OTHER – unrecognized word 

 

 Comparing with envelope’s patterns 

 Final result – recognized digit   
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