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Abstract 

 

Forensic phonetics is subfield of forensic linguistics in which using acoustic 

information and phonetic features s are investigated for completing forensic cases in which 

one of the existing evidences is a voice record related to the guilty. One of the most 

important tasks of forensic phoneticians is forensic speaker recognition. For doing this the 

phonetician is asked to estimate the degree of similarity between the given records of the 

guilt’s speech and the suspected(s) and determine that whether these two sound evidences 

match to each other or not.  

 

The objectives of this study which is conducted on the sound data from 10 Persian 

native speakers of both sexes, is to investigate the possibility of using exact formant structure 

of vowels as a cue for forensic speaker recognition tasks.  

 

The results of this study show that using vowel space and exact formant structure of 

vowels may be a useful means with perfect reliability in tasks related to forensic speaker 

recognition. 

 

Keywords: forensic linguistics, forensic phonetics, speaker recognition, acoustic phonetics. 
 

1. Introduction 

 

Forensic linguistics, deals with the topics such as Forensic Language (Tiersma, 1999), 

Forensic Semantics (Langford, 2000: 72-94), Forensic Discourse ( Bavelas, & Gibson, 1994: 

189-206), False testimony (Harris, 2001: 53-74) and forensic phonetics (Aqagolzadeh, 1391). 

 

Forensic Phonetics, which is a subfield of forensic linguistics, deals with issues such as 

forensic speaker recognition, forensic speech recognition, forensic speaker identification and 

forensic speaker verification and determining the truth or falseness of phone calls (Hollein, 

1990: 190-191).  

 

Forensic phonetics tries to determine the probability that a recorded voice or recorded 

phone call which is attributed to the accused person can be the same as the voice of a suspect. 
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This probability can help a court or police or related organization to solve a judicial case. It 

may be also useful in some more complex cases in which it's tried to determine whether a 

speaker had stress while doing the crime or not and to get some information about his/her 

emotional status out of the recorded voice. 

 

In this study, we used Persian vowel space and exact formant structure of Persian vowels 

for forensic speaker recognition.  

 

The number of juridical cases in which courts require speaker recognition through 

recorded voices, is increasing. In such cases the phonetician is asked to do forensic speaker 

recognition. In other words, he is asked to make a comparison between the recorded voice of 

the guilty while doing the crime and the suspect’s to help confirming the guilt or exonerating 

the suspect doing this (Nolan, McDougall, Jong & Hudson, 2006). 

 

The task of speaker recognition is affected by numerous varieties. In particular, speakers 

change their voices under conditions like their familiarity with the addressee, emotional 

statuses, the degree of formality of the situation, the degree of background noise and such 

(Nolan, 1997: 748).Also the person’s voice changes with changes in the health status and that 

the speaker may change his voice deliberately or copy another person’s voice (Nolan, 

McDougall, Jong & Hudson, 2006).  

 

In forensic speaker recognition, multiple variables must be paid attention to. For instance, 

Hollein (1990) states that these variables include: non-consecutiveness of the records, vocal 

changes due to the recording system used, and the varieties being formed in the speech of a 

single person for many reasons such as changes in emotional or health statuses and even the 

intentional voice change (voice imitation) (Hollein, 1990: 190-191) . 

 

Kinoshita (1998), investigates how stylistic features affect the sound features of Japanese 

speakers WRT forensic phonetics (Kinoshita, 1998).  

 

In the 1960s, the scientists tried to use the speech spectrogram apparatuses as a means for 

speaker’s recognition. (Kersta, 1962, Stevens, Williams, Carbonelli and Woods, 1968, Over, 

Lashbrook, Pedrev, Nicol and Nash,1972). However, the findings were limited, with the 

analysts working with these tools. At that time, the computer technology was not that 

advanced to enable the experts in doing so. Advancements in the computer technology after 

the 1960s, made a new wave of studies in the field of speaker recognition. Although these 

studies made improvements to the text-based speaker recognition systems, they still had 

considerable deficiencies in the field of text-independent speaker recognition which 

accompanied varieties like channel and the speaker and these studies were not successful as 

expected (Rodman, 1997). 

 

Despite so many advancements in today’s systems of speaker recognition, there still 

remain shortcomings which delay the recognition task or reduce the efficiency and the 

accuracy of the task; so that the recognition accuracy is affected by the environmental 

changes, speaker variation and the natural linguistic input conversely (Herbig, Gerl, Minker, 

2011). 
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2. Data collection and methods  
 

The data of this study, included 100 hundred minutes monologue and speech of 10 Persian 

speakers 5 of which were male and the other 5 were female who were in the age group of 20 

to 35. These people’s voices were recorded using professional voice recording devices in 

stereo format at sample rate 44100 and the Bit Depth 16 in Sorush-e-Sima Recording Studio 

of Khorasan Razavi Broadcasting Center. The software recording studio was Adobe 

Audition. 

 

Selecting the people whose voices are studied is done randomly and there were only three 

factors interfering with it. First thing is that they be in the age group of 20 to 35 to make sure 

their voice is different with that of children and adolescents and also with that of the old. The 

second is that among these, 5 speakers are male and the other 5 ones are females and the third 

factor was that these people enjoy with the standard dialect or the dialect close to the standard 

Persian.  

 

All voices were recorded at once. Each speaker was asked to read a pre-determined text 

with the typical and usual routine tone. This text included Persian language vowels 

separately, one-syllabic words having one consonant and one vowel for all the vowels and 

consonants of the Persian language, 140 words each of which was repeated twice randomly 

and 34 sentences in a conversation form, which included all of the separate words from the 

text. The used words in this investigation were selected according to the table Samareh 

(1381) had provided for the allomorphs of the Persian language morphs, and it was tried to 

embed in these data all the different contexts in which consonants and vowels of Persian 

language might be used. 

 

The speakers were asked to make a pause in between the vowels, syllables and also the 

words while pronouncing them to ease the separation of the sound data related to these 

voices, syllables and the words and to make sure that the data have not merged with each 

other. In the part related to the reading the conversational sentences the speakers were asked 

to read those texts just like a typical speech and before the recording began, they had already 

read the text for an hour to make sure that no problems would pop up while reading the text 

and that the natural velocity and the speech style is assured while reading.  

 

3.  Data Analysis 

The prime hypothesis of this key is achieved from the evident relation between the 

formants and the sizes of vocal tract. The formants are under direct effect of the shape of the 

articulation system as the resonance-maker device and the resonance of each individual’s 

voice differs with another one and it is this very difference in the people’s resonances that 

enables us to recognize people through their voices. This primary hypothesis is studied with 

18 various experiments in this thesis.  

In the first two experiments, the patterns of exact place of the formants is achieved using 

the SPSS software to use the frequency mean for the formants of vowels for 5 male speakers 

using graphs that their horizontal axis is F2 and the vertical axis is F. And the 5 provided 
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patterns were put into one graph to find out the similarity or difference of them. Then the 

same process was applied to the vowels of 5 female speakers.  

In the third to the twelfth experiments, the achieved patterns from the structure of vowels 

of each speaker were mapped in separate graphs using F1 & F2 in five sets of different words 

that the words in each set were also randomly different with the words from the other sets and 

the patterns related to each speaker were put into one single graph in five sets of different 

words which were marked with different colors to distinguish between the degree of their 

similarity or difference  

These twelve experiments were reiterated once more and this time F1 and the space 

between F1 & F2 was used for F1 & F2 or the F1-F2 and the results were also studied. 

The point which is present here is that in these surveys for more assurance of the results, 

various words and different voice contexts were used for the extraction of formants of vowels 

while such variety is not needed and the accused could be asked to repeat the same words and 

sentences which exist in the pre-existing data in different times to extract the formants of the 

vowels in the same voice contexts and the same places. But using the variety in the words and 

random selection of them brought more trust to the achieved results.  

In the figure below, the first formant is marked by F1, the second formant is marked by F2 

and the third formant is marked by F3. 

The resulted frequency is also noted below each of these variables. The red points are the 

points that the Praat Software has presented which of course they are sometimes of low 

accuracy and here the formants are manually presented with more accuracy with making the 

graph bigger or smaller.  
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Figure1: Formation of F1, F2 and F3 in pronouncing vowels of the Persian language by Speaker No. 5 

 

In this figure, each of the 6 Persian language vowels, are presented in the sound data of a 

male speaker (Speaker No. 5). Their arrangements in this figure are based up on the same 

traditional pattern of displaying the vowels of the Persian language, in a way that the 

posterior vowels are at the right side and the anterior ones are seen at the left side and the up 

and down figures are in row the highest and the lowest vowels and the middle figures indicate 

the middle vowels. 
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Figure 2: Formation of F1, F2 and F3 in pronouncing vowels of the Persian language by Speaker No. 10 

 

In this figure, each of the 6 Persian language vowels, are presented in the sound data of a 

female speaker (Speaker No. 10). Their arrangements in this figure are based up on the same 

traditional pattern of displaying the vowels of the Persian language, in a way that the 

posterior vowels are at the right side and the anterior ones are seen at the left side and the up 

and down figures are in row the highest and the lowest vowels and the middle figures indicate 

the middle vowels. 

 
Speaker Vowel F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 

Speaker No. 1 

 
Vowel  333 7881 2783 9451 9914 

Vowel   495 7171 3958 9955 333 

Vowel 455 7923 3352 433 459 

Vowel 594 847 3775 539 9393 

Vowel 519 558 3371 404 9991 

Vowel 419 558 3417 505 9543 

Speaker No. 2 Vowel 333 3417 3811 9933 505 

Vowel 554 7873 3732 9314 459 

Vowel 399 7923 3447 499 195 

Vowel 393 159 3941 539 9449 

Vowel 554 111 3941 304 9444 

Vowel 513 7134 3817 339 9444 

Speaker No. 3 Vowel 959 3447 2783 9935 435 

Vowel 550 3151 3191 9540 550 

Vowel 153 7983 3139 535 9953 

Vowel 355 847 3958 539 9449 

Vowel 595 851 3912 539 9545 

Vowel 535 7712 3577 591 9303 
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Speaker No. 4 Vowel 933 3342 2199 9144 399 

Vowel 519 3125 3714 9453 534 

Vowel 355 7718 3853 459 9934 

Vowel 954 129 3447 553 9499 

Vowel 519 817 3457 330 9594 

Vowel 515 7134 3958 330 9445 
Speaker No. 5 Vowel 313 3322 3841 9350 595 

Vowel 495 7573 3745 9315 434 

Vowel 414 7294 3447 441 9019 

Vowel 333 817 3244 433 9543 

Vowel 459 817 3732 330 9449 

Vowel 515 7145 3912 344 9495 

Table 1: The frequency of formants of the vowels pronounced by speakers 1 to 5 (Male Speakers) 

 

 

 
Speaker Vowel F1 Frequency 

(Hertz) 

F2 

Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz

) 

F3-F2 

(Hertz

) 

Speaker No. 6 

 
Vowel  550 3111 2271 9950 550 

Vowel   444 3244 3811 9454 433 

Vowel 9035 7777 3117 444 9994 

Vowel 594 851 3191 539 9343 

Vowel 495 558 3837 539 9393 

Vowel 355 7717 3732 330 9554 

Speaker No. 7 Vowel 353 2783 2921 9391 344 

Vowel 419 3745 2224 9044 534 

Vowel 9949 7585 2114 333 9094 

Vowel 594 851 3515 539 9039 

Vowel 554 512 2791 403 9935 

Vowel 354 7379 2719 590 9350 

Speaker No. 8 Vowel 399 3592 2271 9559 504 

Vowel 495 3457 2791 9130 559 

Vowel 9044 7572 2224 333 349 

Vowel 393 847 3117 433 9130 

Vowel 519 548 3837 544 9343 

Vowel 414 7331 2727 539 9105 

Speaker No. 9 Vowel 333 3447 2988 9903 9959 

Vowel 553 3342 2199 9444 399 

Vowel 9095 7873 3893 333 110 

Vowel 355 847 3857 539 9054 

Vowel 495 857 2114 330 9903 

Vowel 349 7717 3538 305 9449 

Speaker No. 10 Vowel 355 3592 2973 9431 441 

Vowel 554 3933 2973 9344 110 

Vowel 9051 7881 2224 333 9554 

Vowel 554 7134 2477 441 9534 

Vowel 445 7739 2774 443 9531 

Vowel 414 7318 2972 533 9934 

Table 2: The frequency of formants of the vowels pronounced by speakers 6 to 10 (Female Speakers) 


This table is arranged for calculating the average of formants frequency for each vowel in table below: 

 
Vowel Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)
F3 Frequency 

(Hertz)
F2-F1 

(Hertz) 

F3-F2 

(Hertz) 





Vowel



Speaker No. 1 333 7881 2783 9451 9914 

Speaker No. 2 333 3417 3811 9933 505 
Speaker No. 3 959 3447 2783 9935 435 

Speaker No. 4 933 3342 2199 9144 399 
Speaker No. 5 313 3322 3841 9350 595 

The average frequency of formants in 

the vowel  pronounced by male 

speakers 

39323 9945 309325 913929 44925 





Speaker No. 1 495 7171 3958 9955 333 

Speaker No. 2 554 7873 3732 9314 459 
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Vowel
 

Speaker No. 3 550 3151 3191 9540 550 

Speaker No. 4 519 3125 3714 9453 534 
Speaker No. 5 495 7573 3745 9315 434 

The average frequency of formants in 

the vowel  pronounced by male 

speakers 

53425 913925 954323 9554 49529 





vowel
 

Speaker No. 1 455 7923 3352 433 459 

Speaker No. 2 399 7923 3447 499 195 
Speaker No. 3 153 7983 3139 535 9953 

Speaker No. 4 355 7718 3852 459 9934 
Speaker No. 5 414 7294 3447 441 9019 

The average frequency of formants in 

the vowel  pronounced by male 

speakers 

33023 949925 945025 51023 9931 

Table3: The frequency of the formants of vowels  ، و   in the sound data related to the speakers 1 to 5 

(male) 

 
Vowel Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 





Vowel
 

Speaker No. 1 594 847 3775 539 9393 
Speaker No. 2 393 159 3941 539 9449 

Speaker No. 3 355 847 3958 539 9449 

Speaker No. 4 954 129 3447 553 9499 
Speaker No. 5 333 817 3244 433 9543 

The average frequency of formants in 

the vowel  pronounced by male 

speakers 

33125 39325 959023 54129 950929 





Vowel
 

Speaker No. 1 519 558 3371 404 9991 
Speaker No. 2 554 111 3941 304 9444 

Speaker No. 3 595 851 3912 539 9545 
Speaker No. 4 519 817 3457 330 9594 

Speaker No. 5 459 817 3732 330 9449 
The average frequency of formants in 

the vowel  pronounced by male 

speakers 

53023 33925 951929 50025 950123 





Vowel
 

Speaker No. 1 419 558 3417 505 9543 
Speaker No. 2 513 7134 3817 339 9444 

Speaker No. 3 535 7712 3577 591 9303 
Speaker No. 4 519 817 3457 330 9594 

Speaker No. 5 515 7145 3912 344 9495 
The average frequency of formants in 

the vowel  pronounced by male 

speakers 

53023 9001 954025 34329 955925 

Table 4 continues: The frequency of the formants of vowels  ، و   in the sound data related to the speakers 1 to 5 (male 

speakers) 

 

The frequency of the first, second and the third formants is calculated for the speakers 6 to 10 

(Female Speakers) and its results are noted here in a nutshell. 
 

Vowel Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 





vowel



Speaker No. 6 550 3111 2271 9950 550 
Speaker No. 7 353 2783 2921 9391 344 

Speaker No. 8 399 3592 2271 9559 504 

Speaker No. 9 333 3447 2988 9903 9959 
Speaker No. 10 355 3592 2973 9431 441 

The average frequency of formants in 

the vowel  pronounced by female 

speakers 

35325 935523 3549 9533 59525 





vowel
 

Speaker No. 6 444 3244 3811 9454 433 
Speaker No. 7 419 3745 2224 9044 534 

Speaker No. 8 495 3457 2791 9130 559 
Speaker No. 9 553 3342 2199 9444 399 

Speaker No. 10 554 3933 2973 9344 110 

The average frequency of formants in 505 954023 3934 9354 43529 
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the vowel  pronounced by female 

speakers 





vowel
 

Speaker No. 6 9035 7777 3117 444 9994 
Speaker No. 7 9949 7585 2114 333 9094 

Speaker No. 8 9044 7572 2224 333 349 
Speaker No. 9 9095 7873 3893 333 110 

Speaker No. 10 9051 7881 2224 333 9554 

Table 5: The frequency of the formants of vowels  ، و    in the sound data related to the speakers 6 to 10 (female speakers) 

 

 

Vowel Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz

) 




 

vowel
 

Speaker No. 6 594 851 3191 539 9343 

Speaker No. 7 594 851 3515 539 9039 
Speaker No. 8 393 847 3117 433 9130 

Speaker No. 9 355 847 3857 539 9054 
Speaker No. 10 554 7134 2477 441 9534 

The average frequency of formants in the 

vowel  pronounced by female speakers 

31525 109 9149 40425 905125 





vowel
 

Speaker No. 6 495 558 3837 539 9393 

Speaker No. 7 554 512 2791 403 9935 
Speaker No. 8 519 548 3837 544 9343 

Speaker No. 9 495 857 2114 330 9903 

Speaker No. 10 445 7739 2774 443 9531 
The average frequency of formants in the 

vowel  pronounced by female speakers 

49923 133 3034 544 901425 





vowel
 

Speaker No. 6 355 7717 3732 330 9554 
Speaker No. 7 354 7379 2719 590 9350 

Speaker No. 8 414 7331 2727 539 9105 
Speaker No. 9 349 7717 3538 305 9449 

Speaker No. 10 414 7318 2972 533 9934 
The average frequency of formants in the 

vowel  pronounced by female speakers 

33025 999525 3040 31323 935425 

Table 6 continues: The frequency of the formants of vowels  ، و   in the sound data related to the speakers 6 to 10 (female 

speakers) 

 

The summary of the above tables is prepared at the two below tables: 

 
Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)
F3 Frequency 

(Hertz)
F2-F1 

(Hertz) 

F3-F2 

(Hertz) 

The average frequency of formants in the 

vowel  pronounced by male speakers 

39323 9945 309325 913929 44925 

The average frequency of formants in the 

vowel  pronounced by male speakers 

53425 913925 954323 9554 49529 

The average frequency of formants in the 

vowel  pronounced by male speakers 

33023 949925 945025 51023 9931 

The average frequency of formants in the 

vowel  pronounced by male speakers 

33125 39325 959023 54129 950929 

The average frequency of formants in the 

vowel  pronounced by male speakers 

53023 33925 951929 50025 950123 

The average frequency of formants in the 

vowel  pronounced by male speakers 

53023 9001 954025 34329 955925 

Table7: The frequency Average of the formants of each vowel in the sound data related to the speakers 1 to 5 (male speakers) 


Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 

The average frequency of formants in the 

vowel  pronounced by female speakers 

35325 935523 3549 9533 59525 

The average frequency of formants in the 

vowel  pronounced by female speakers 

505 954023 3934 9354 43529 

The average frequency of formants in the 

vowel  pronounced by female speakers 

904525 934925 3050 41423 13425 

The average frequency of formants in the 

vowel  pronounced by female speakers 

31525 109 9149 40425 905125 

The average frequency of formants in the 49923 133 3034 544 901425 
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vowel  pronounced by female speakers 

The average frequency of formants in the 

vowel  pronounced by female speakers 

33025 999525 3040 31323 935425 

Table 8: The frequency Average of the formants of each vowel in the sound data related to the speakers 6 to 10 (female speakers) 

 

In the following tables, the frequency average of the formants for the sum of speakers 

1to10 is tallied.


Speaker F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 

The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 35325 944925 395123 990425 51325 

The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 45523 991924 919921 9554 43929 
The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 14324 9514 939023 45323 999323 
The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 35521 35023 951421 51325 933423 

The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 51523 13524 943329 53323 934325 

The average frequency of formants in 

the vowel  pronounced for the sum 

of speakers 1-10 43024 999524 935029 335 945324 

Table 9: The frequency Average of the formants of each vowel in the sound data related to the sum of speakers 1 to 10 

  

The most prominent similarity of the posterior vowels is the close connection of F1 and F2 

in them. As it is observed in the figures, highness of the vowel has a converse relationship 

with the degree of its F1. In other words, the highest the vowel, the less is the frequency of its 

F1. F3 is more related to the roundedness feature. Of course it doesn’t maintain a direct 

relation with roundedness. 

According to the relation of each formant with the form of speech system, these 

relationships among formants and the features of vowels are true:  

F1 has a converse relation with the vowel degree of highness or the degree of openness or 

closeness of the mouth. When the tongue moves from a higher place to a lower one, the space 

of the mouth increase and the space of pharyngeal cavity decreases and since the space of the 

pharyngeal cavity has a converse relation with F1, with bringing the tongue down, F1 

increases and with its going up, it decreases. 

Regarding the openness or closeness degree of the mouth, it can also be stated that the 

more the mouth goes toward closeness F1 decreases and the more the mouth opens, F1 

increases. 

F2 has a direct relation with the changes of mouth cavity. Posterior vowels have a higher 

F2 and anterior ones have a lower F2.  

In sum, the space between F1 & F2 is closer in anterior vowels and farther in the posterior 

ones. 

The data of this study is compatible with the relations that Kent et al. (1996) suggested for 

the relation among F1, F2 & F3 with the openness or closeness of the vowels. These relations 

are as follows: 
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The degree of being anterior or posterior  The relation of the space F1، F2   و

F3 

Posterior vowels > Anterior 

vowels 
The degree of  F2-F1 

Posterior vowels > Anterior 

vowels 

The degree of F3-F2 

Table 10: The relation between F1, F2 and F3 with being anterior or posterior of vowels (Kent et al, 1996) 

 

2-1-4 The Persian Language Vowel Space 

In this study, regarding the achieved average for the formants of vowels, the Persian 

language vowel space is first calculated separately for the male and female speakers and then 

using the calculation of the average formants of vowels of both male and female speakers it is 

shown in the graphs below. 

 
Figure 3: The achieved vowel space from the average first and second formants of the pronounced vowels by the speakers 1- 5 (male 

speakers) 

 

The vertical axis indicates the first formant and the horizontal axis indicates the second formant. 
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Figure 4: The achieved vowel space from the average first formant and the distance between the first and the second formants of the 

pronounced vowels by the speakers 1- 5 (male speakers) 

 

The vertical axis indicates the first formant and the horizontal axis indicates distance between the first and the second formants 

 
Figure 5: The achieved vowel space from the average first and second formants of the pronounced vowels by the speakers 6- 10 

(female speakers) 

 

The vertical axis indicates the first formant and the horizontal axis indicates the second formant. 
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Figure 6: The achieved vowel space from the average first and second formants of the pronounced vowels by the speakers 1- 10 (5 

males speakers and 5 female speakers) 

 

The vertical axis indicates the first formant and the horizontal axis indicates the second formant. 

 

 
Figure 6: The achieved vowel space from the average first formant and the distance between the first and the second formants of the 

pronounced vowels by the speakers 1- 10 (5 males speakers and 5 female speakers) 

 

The vertical axis indicates the first formant and the horizontal axis indicates distance between the first and the second formants 

 

3. The formant formation of vowels as a speaker-dependent feature 

Since the formants frequency is dependent to the general shape of the speech organ and 

different people have different features of jaws and the internal sizes of speech organs, this 

hypothesis was created in this study that it is possible that a vowel space in each person have 

a unique behavior and could be used as a key for the forensic speaker recognition. 

For this purpose, for each person regarding the achieved formants for the vowels, the 

vowel space was once mapped regarding the F1& F2 and a second time with regarding the 

space between F1, F2. Then this vowel space was delineated. 
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For 5 male speakers the vowel spaces were mapped in one single graph and the vowel 

space relevant to each speaker was marked a different color. The achieved result was so 

substantial. None of the vowel spaces were in accordance with each other and they had 

obvious differences with each other. 

This feature was there for both graphs. In each graphs, the vowel spaces of different 

people had different features with each other. 

 

The figures related to this experiment are shown below.  

 
Figure 7: The graph related to the exact structure of vowels according to F1, F2 for the speakers1-5 (male) 

 

The vertical axis indicates the first formant and the horizontal axis indicates the second formant. 

The color yellow, indicates the place of the first and second formants of the vowels of the speaker no. 1 which are connected to each 

other with yellow lines. 

The color violet indicates the place of the first and second formants of the vowels of the speaker no. 2 which are connected to each 

other with violet lines. 

The color green indicates the place of the first and second formants of the vowels of the speaker no. 3 which are connected to each 

other with green lines. 

The color black, indicates the place of the first and second formants of the vowels of the speaker no. 4 which are connected to each 

other with black lines. 

The color red indicates the place of the first and second formants of the vowels of the speaker no. 5 which are connected to each 

other with red lines. 
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Figure 8: The exact vowel structure according to F2 and the distance between F1 & F2 for the speakers1-5 (male) 

 

The vertical axis indicates the first formant and the horizontal axis indicates the distance between the first and the second formant. 

The color green indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 1 which are connected to each other with green lines. 

The color violet indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 2 which are connected to each other with violet lines. 

The color black indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 3 which are connected to each other with black lines. 

The color blue indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 4 which are connected to each other with blue lines. 

The color yellow indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 5 which are connected to each other with yellow lines. 

 

As it is observed in these two graphs, the exact structure of the formants of vowels for 

all speakers is incompatible against each other and the exact values of these structures are 

different for each speaker with another one. This difference solely suffices to be used in 

forensic speaker recognition. This was also done for the 5 female speakers and had the same 

results which can be observed in the following graphs. 

 
Figure 9: The exact structure of vowels according to F1, F2 for the speakers6-10 (female) 

The vertical axis indicates the first formant and the horizontal axis indicates the second formant. 
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The color black, indicates the place of the first and second formants of the vowels of the speaker no. 6 which are connected to each 

other with black lines. 

The color red indicates the place of the first and second formants of the vowels of the speaker no. 7 which are connected to each 

other with red violet lines. 

The color violet indicates the place of the first and second formants of the vowels of the speaker no. 8 which are connected to each 

other with violet lines. 

The color yellow, indicates the place of the first and second formants of the vowels of the speaker no. 9 which are connected to each 

other with yellow lines. 

The color blue indicates the place of the first and second formants of the vowels of the speaker no. 10 which are connected to each 

other with blue lines. 

 

 
Figure 10: The exact vowel structure according to F2 and the distance between F1 & F2 for the speakers6-10 (female) 

 

The color black indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 6 which are connected to each other with black lines. 

The color red indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 7 which are connected to each other with red lines. 

The color violet indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 8 which are connected to each other with violet lines. 

The color yellow indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 9 which are connected to each other with yellow lines. 

The color blue indicates the place of the first formant and the distance between the first and the second formant of the vowels of 

speaker no. 10 which are connected to each other with blue lines. 

 

 

In order to make sure that the formant structure of the vowel of a single person in different 

contexts and different words has a similar pattern, another supplementary experiment in this 

study was conducted and based on this experiment the formants structure of the vowels of 

each female speaker in different words was extracted and its graph were compared to each 

other. In this experiment, the vowel formants were extracted from various sonic contexts and 

different places. The method of study and the word selection from amongst sets of data has 

also been random. The figure and table below, indicate the result of this experiment for 

speaker no. 6:   

Vowel The frequency of the formants of vowels 

pronounced by speaker 6 in different 

words 

 

F1 Frequency 

(Hertz) 

F2 Frequency 

(Hertz)

F3 Frequency 

(Hertz)

F2-F1 

(Hertz) 

F3-F2 

(Hertz) 

واکه The frequency of the  595 9351 3030 9144 559 
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 formants in vowel   310 9593 3933 9933 590 

 595 9593 3933 9901 590 

 531 9309 3499 9359 499 

 510 9400 3904 9990 404 

vowel



The frequency of the 

formants in vowel  

 535 9909 3003 9494 304 

 593 9955 9143 9453 434 

 593 9955 3005 9443 333 

 419 9095 9349 9599 333 

 510 9054 9193 9444 353 

vowel



The frequency of the 

formants in vowel  

 9994 9401 9309 435 9019 

 9994 9401 9103 435 9915 

 9994 9434 9440 590 9094 

 9900 9401 9440 501 9059 

 9994 9401 9445 435 9054 

vowel



The frequency of the 

formants in vowel  

 595 113 9440 435 9449 

 595 111 9344 434 9343 

 595 113 9494 435 9494 

 595 113 9400 435 9409 

 595 143 9454 441 9445 

vowel



The frequency of the 

formants in vowel  

 531 9949 9395 393 9445 

 510 9094 9494 434 9400 

 510 9095 9545 435 9540 

 510 154 9143 544 9005 

 510 9051 9400 441 9549 

vowel



The frequency of the 

formants in vowel  

 414 9900 9413 304 9513 

 451 9044 9551 305 9445 

 491 9949 9494 539 9445 

 491 9303 9545 435 9349 

 491 9900 9440 339 9540 

Table 11: The frequency of the formants of vowels pronounced by speaker 6 in different words 

 

 
Figure 11: The graph related to the exact vowel structure according to F1, F2 for speaker 6 in 5 different sets of words. 
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Figure 12: The exact vowel structure according to F2 and the distance between F1 and F2 for speaker 6 in 5 different sets of words. 

 

As it is seen, although in the graphs mapped here the formant structures are also not in 

accordance with each other, the formant structure of this single speaker in various 

pronunciations have not changed so much. This test was conducted to all the speakers from 1 

to 10 and gave the same results. Based on the results of these experiments, we can confirm 

the primary hypothesis of possible use of formant structure of vowels of a person for forensic 

speaker recognition.  

4. Conclusion 

The results of 24 separate experiments on this feature revealed that the hypothesis of 

considering this feature as a key for forensic speaker recognition is approved. This key is 

amongst the new and invaluable achievements gained in this thesis.   

It is wise to mention that despite the limited numbers of the speakers whose sound data 

were studied, and for the vast volume of data being studied and experimented and the precise 

acoustics studies conducted from various aspects, and also the numbers of numerous keys 

which were used for recognition, we can say the findings of this study, enjoy with a plausible 

academic credit, but this doesn’t mean at all that the keys and the features introduced in this 

thesis, are the only existing ones and the forensic speaker recognition studies can pave the 

way for the scholars and researchers toward extensive studies. 
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