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Streszczenie. Artykuł przedstawia interesujące właściwości okresów podstawowych tonu krtaniowego występującego we wszystkich samogłoskach 
i spółgłoskach dźwięcznych oraz nową metodę ich odnajdywania i wyznaczania ich długości. Poprawne odnajdywanie okresów podstawowych i 
wyznaczanie czasu ich trwania jest ważnym elementem algorytmu automatycznej identyfikacji słów opracowanego przez autora. (Wyszukiwanie 
okresów podstawowych w tonach kataniowych i wyznaczanie czasu ich trwania) 
  
Abstract. This  article describes the pitch’s periods interesting properties. These periods are included in each vowel and voiced consonant. It also 
describes the new method of pitch period finding and their duration counting. These parameters are very important elements of the automatic 
speech recognition algorithm worked out by the author. 
  
Słowa kluczowe: Automatyczna segmentacja mowy, analiza czasowa, sterowanie za pomocą mowy, automatyczne rozpoznawanie mowy 
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Introduction 
 Pitch periods included in human speech are the effect of 
the air flowing from lungs through the vocal folds to the lips. 
The vibrating vocal folds produce a sound which frequency  
depends on the vocal fold length and vocal tract size. As 
research [1, 2] showed the male vocal folds are between 17 
and 25 mm in length while the female ones are between 
12,5 and 17,5 mm in length. Also the male’s vocal tract size 
is larger than the female’s so the male voice is usually 
lower-sounding. There are known methods of finding pitch 
period duration but in this article the new, simpler method is 
described. As results of research show it works properly for 
speakers different sex and age. 
 
Pitch period’s properties 
    Pitch periods are included in all vowels and voiced 
consonants. They are well visible on the time characteristics 
as a repeatable parts of the signal with similar shape. 
Figure 1 shows these periods for male’s(a), female’s(b) and 
child’s(c) voice. 
 
a 

 
b 

 
c 

 
 
Fig.1. The pitch periods included in male’s(a), female’s(b) and 
child’s(c) voice 
 
 

 As is easy to observe the male’s pitch periods have 
bigger duration than female’s and child’s. As author’s 
research showned for women and children the duration is 
between 2 and 5 ms, whereas for men is between 5 and 10 
ms. Another interesting pitch periods’ property is their 
duration’s changeability. Although this parameter depends 
on the fold’s length and vocal tract’s size, it also could be 
changed by the speaker. This phenomenon is shown in 
figure 2. 
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Fig.2. Different pitch periods’ durations within one word (a-the 
whole word, b- the first part, c- the second part, d- the third part) 

   pitches’ duration = 7,9 ms 

   b                        c                        d 

  pitches’ duration = 6,7 ms 

  pitches’ duration = 7,0 ms  
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Here, the whole word (which time characteristic is 
shown in “a”) was divided on 3 parts. First part (Fig.2b) 
includes pitch periods with duration 7,9ms, second part 
(Fig.2c) with duration 6,7ms and the third part (Fig.2d) with 
duration 7,0ms. So the difference between the biggest and 
the smallest duration equals 7,9 – 6,7 = 1,2 ms. This is 
about 16% of the average pitch period’s value. It shows that 
there is no one constant duration’s value but the interval of 
values. 
 
Existing methods of the pitch period’s duration finding  

The methods which are used for pitch period duration 
finding could be divided into time and frequency 
domain[4,5,6]. In time domain the most popular is method 
called “zero crossing” where the time between neighboring 
crossing signal and “zero level” points is measured. This 
method gives good results for signals without high 
harmonics. For speech signal where these harmonics exist 
additional low pass filter must be applied. Another methods 
used in time domain are autocorrelation methods. In this 
case  segments of the signal are compared with other 
segments offset by a trial period to find a match. These are 
more sophisticated methods and sometimes they have 
problems with noisy signals and false detection. In 
frequency domain first the FFT transformation must be 
done. Then the cepstrum (reverse FFT transform) is 
counted. The FFT transformation must be done in 
“windows” which length is fitted to the basic period duration 
and usually equals 10ms. A number of problems appeared 
here because the pitch period changes its duration value 
during measurement.     
 

The new method of the pitch period finding 
During the authors research connected with automatic 

speech recognition  the new method of pitch period finding 
was worked out. This is a new approach based on the 
image of the time characteristic analyses. The first step is a 
zero level signal finding. It is counted as a average value of 
the 100 samples before recognition word. Next step is 
finding a local signal’s minimums. It is made according to 
the equation: 
 

ሺ݊ሻݔ ൌ min		if:
ሺ݊ݔ										 െ ሻݖ  	݀݊ܽ		ሺ݊ሻݔ
ሺ݊ݔ								  ሻݒ  ݀݊ܽ	ሺ݊ሻݔ

ሺ݊ሻݔ	 ൏ ݈݁ݒ݈݁"0"
      (1) 

 
where: 
x(n)- the sample’s “n” value  
z=1..15 
v=1..10 
 

This condition is tested for 15 samples before and 10 
after a sample which could be a local minimum. This is 
done because this way only main local minima are found. 
This case is shown in figure 3. 
 

 
 
Fig.3 Local minimums finding 
 
 As was shown above the local minimums which are not a 
main minimums are omitted (they are matched by a 

crosses). For further analyses only main minimums are 
taken. 

Next step is withdrawing a minimums which values are 
bigger than the previous minimums’ values about more than 
5% of the signal’s amplitude.  

Next the time between local minimums is tested. If it is 
lower than 2 ms the following minimum is withdrawn. This is 
made because as an author’s research shown the minimum 
pitch period duration is bigger than 2 ms. Figure 4 shows 
the result of this operation. 
 

 
 
Fig.4 Too near placed local minimums’ withdrawing 
 

Another step is checking if the pitch period’s duration is 
long (bigger than 8 ms). For this goal the number of long 
periods is counted. If this number is higher than 25% of all 
periods, than periods with less than 7 ms duration are 
withdrawn. This operation is necessary because sometimes 
for long periods local minimums were treated as a main 
minimums. This case is shown in figure 5.  
 

 
 
Fig.5 Long periods finding 
 

Next step involves counting an average value of period’s 
duration from all periods which remain after previous steps. 
In order to eliminate big errors the duration values are 
sorted and 20% the lowest and 20% the biggest results are 
withdrawn. Then the average value is counted. In the next 
step all periods with duration less than 80% of the average 
value are withdrawn. This operation is repeated once again. 
After this the right pitch period’s duration is obtained. The 
algorithm which makes above operation is shown in figure 
6. 

 1,7ms            1,7ms            1,7ms 

   8,2 ms     8,2ms     8,2ms 
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Fig.6 Automatic pitch period’s finding algorithm 
 
As was shown above the algorithm is simple and after eight 
steps the right result is obtained. 
 
The result of research 

The new method of the pitch period finding was tested 
on the set of 50 files with recorded one word made by 
speakers different sex and age. The results are shown in 
table 1.  
 
Table 1. Results of research 

Spea
ker  

num-
ber File name 

Pitch period duration 
red  

from the time 
characteristic 

The 
result  

obtained 
from the 
algorithm 

Error 
[%] 

    min. max. mean   
1 Af1k1_0_ 4,5 4,7 4,6 4,5 2,2 
2 Ak1c1_0_ 2,3 3,1 2,7 3,1 -14,8 
3 Ak2c1_0_ 3,0 4,3 3,7 3,2 12,3 
4 Ao1m1_0_ 6,7 7,5 7,1 7,0 1,4 
5 Bc1k1_0_ 4,2 5,0 4,6 4,4 4,3 
6 Bc1m1_0_ 7,5 9,0 8,3 7,7 6,7 
7 Bw1k1_0_ 4,5 5,1 4,8 4,8 0,0 
8 Ck1c1_0_ 6,2 7,0 6,6 6,7 -1,5 
9 Dg1m1_0_ 8,5 9,5 9,0 8,9 1,1 
10 Hk1k1_0_ 3,7 4,5 4,1 3,6 12,2 
11 Hk2k1_0_ 3,6 3,8 3,7 3,8 -2,7 
12 Is1k1_0_ 4,8 5,2 5,0 4,6 8,0 
13 Jc1m1_0_ 7,0 8,0 7,5 7,1 5,3 
14 Jd1m1_0_ 8,0 8,6 8,3 8,3 0,0 
15 Jd2m1_0_ 7,5 7,7 7,6 8,3 -9,2 
16 Jd3m1_0_ 7,2 8,0 7,6 7,2 5,3 
17 Jd4m1_0_ 7,7 8,0 7,9 8,0 -1,9 
18 Jd5m1_0_ 8,5 9,0 8,8 8,8 -0,6 

19 Jd6m1_0_ 8,5 9,0 8,8 8,7 0,6 
20 Jk1m1_0_ 8,2 8,5 8,4 8,3 0,6 
21 Jo1m1_0_ 8,8 9,0 8,9 8,9 0,0 
22 Jp1m1_0_ 7,7 8,0 7,9 8,5 -8,3 
23 Jp2m1_0_ 7,5 7,7 7,6 7,6 0,0 
24 Js1m1_0_ 7,5 8,2 7,9 8,0 -1,9 
25 Kd1m1_0_ 6,2 7,5 6,9 7,2 -5,1 
26 Kd2m1_0_ 4,5 5,0 4,8 5,2 -9,5 
27 Ld1k1_0_ 4,5 4,7 4,6 4,5 2,2 
28 Ld2k1_0_ 4,0 4,3 4,2 4,2 -1,2 
29 Lk1d1_0_ 3,9 4,2 4,1 4,2 -3,7 
30 Mr1m1_0_ 8,8 9,2 9,0 9,2 -2,2 
31 Ms1m1_0_ 8,5 9,7 9,1 8,9 2,2 
32 Oj1k1_0_ 4,2 4,5 4,4 4,5 -3,4 

33 Pb1k1_0_ 4,7 5,0 4,9 4,9 -1,0 
34 Pl1k1_0_ 5,8 5,9 5,9 6,2 -6,0 
35 Pl1m1_0_ 6,7 9,8 8,3 7,6 7,9 
36 Ps1m1_0_ 6,8 7,5 7,2 7,4 -3,5 
37 Pw1m1_0_ 7,2 9,0 8,1 8,2 -1,2 
38 Rg1m1_0_ 7,8 8,5 8,2 9,2 -12,9 
39 Sg1m1_0_ 8,5 8,8 8,7 9,3 -7,5 
40 Sg2m1_0_ 9,0 9,1 9,1 9,3 -2,8 
41 Sg3m1_0_ 9,0 9,2 9,1 9,2 -1,1 
42 Sp1m1_0_ 8,8 10,0 9,4 9,9 -5,3 
43 Sw1m1_0_ 8,0 10,0 9,0 9,3 -3,3 
44 Ts1m1_0_ 7,2 9,5 8,4 7,3 12,6 
45 Tz1m1_0_ 7,6 8,8 8,2 8,3 -1,2 
46 Wb1m1_0_ 6,5 6,7 6,6 7,0 -6,1 
47 Wm1m1_0_ 9,0 10,5 9,8 9,2 5,6 
48 Zb1m1_0_ 8,1 10,0 9,1 8,8 2,8 
49 Zk1d1_0_ 3,8 3,9 3,9 3,9 -1,3 
50 Zk1m1_0_ 6,3 6,4 6,4 6,5 -2,4 

 
As is easy to observe the greatest errors value equals -

14,8%. This not a big error as we consider that in typical 
word pitch’s period could vary about 16%. The mean errors 
value equals -0,6% what is a very good result and shows 
that this algorithm works properly. 
 

Summary 
This article described a new method of the pitch period 

duration finding. As results of research shown this method 
works properly. This is a great progress and simplifying 
comparing to well known methods used up to now. This 
algorithm was used for automatic speech recognition 
system described in [12]. 
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