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The study on phonation has a long history in 

China. A story about the production and application of 

artificial larynx had been documented in an ancient 

Chinese book titled “Mengxi Bi Tan” (writing in the 

Mengxi Garden) by Shen Kuo (1031-1095) (Hu, 1957) 

in Song dynasty. "Devices made by people from 

materials, such as bamboo, wood, ivory and bone, were 

called sound generators. A sound generator, which 

could be put into the throat and produce speech sound 

by whistling, was called a voice generator. A dumb 

person, who suffered from injustice, could not argue in 

court for himself. The judge let people put a voice 

generator in his throat, and asked him to speak. The 

speech articulated like puppet talk, but could roughly 

make sense. His injustice was finally redressed. The 

case is worthy of being documented." This story 

vividly described the production and usge of artificial 

larynx in ancient time of China. Along with the 

development of speech technology, phonation study 

has being carried forward in different fields, such as 

linguistics, speech physiology, speech pathology and 

speech engineering. 

Linguistic study on phonations in the languages of 

China started in the 50s of last century and the most of 

phonation types were described by Chinese linguists in 

the 80s. The phonetic study on phonation types in 

languages of China started in 1980s by professor 

Ladefoged and Maddieson in UCLA (Maddieson et al, 

1985, 1986) and the most of phonetic studies on 

phonation types were done by professor Bao Huaiqiao 

and Kong Jiangping, two Chinese phoneticians in 

Chinese Academy of Social Sciences and Peking 

University in 1990s (Bao at al, 1990, 1992; Kong, 1993, 

1995, 1996, 1997a, 1997b, 1997c, 1998). In addition, 

Professor Li Shaoni and Caojianfen studied the 

phonation types in Bai lanaguage and Chinese Wu 

dialects (Li et al, 1990, 1997; Cao et al, 1992). In this 

century, the phonation studies and modeling in 

physiology, speech production and oral cultures in 

China were done by professor Kong (Kong, 2001a, 

2001b, 2003, 2004a, 2004b, 2005, 2007, 2009, 2011a, 

2011b) and the phonetic studies on phonation types in 

minority languages and Chinese dialects were done by 

professor Zhu Xiaonong (Zhu, 2006, 2008, 2009, 

2010). In the following sections, the phonation types in 

the languages of China, the voice signals and research 

methods, the phonetic studies on phonation types and 

linguistic discussion are briefly introduced. 

1. Phonation in languages of China 

There are more than 100 languages in China, in 

which about eighty had been identified academically. 

Phonation types which are significant in distinguishing 

meanings appear in many of these languages. 

Phonation as a phonetic phenomenon was found very 

early by Chinese linguists in the linguistic study, such 

as the "tense" and "lax" vowels in Yi language, the 

voice aspiration in Miao language, the tense and lax 

vowels and the voiced aspiration in Wa language, the 

fricative vowel in Western Yugu language, the Yin and 

Yang vowels in Mongolian, the tense and lax 

consonants in many language and so on. The phonation 

differences are mainly between vowels and sometimes 

between voiced consonants and even tones. The studies 

show that the phonation types exist in Mongolian, 

Tibetan, Uygur language, Bai language, Yi language, 

Hani language, Western Yugu language, Zhuang 

language, Miao language, Wa Language, Shui 

language, Zaiwa language, Jingpo language and so on. 

The different phonations which are significant 

linguistically are exactly described and used in the 

historical linguistic study (Ma, 1948; Hu et la, 1964). 

Different phonation types mainly exist in the 

Loloish languages. Huni language has 10 tense vowels 



语音乐律研究报告 2012   

2 

 

and 10 lax vowels which are very good materials for 

phonetic study on the phonation types of vowels (Li & 

Wang, 1986). Nu language has 39 vowels, among 

which there are 12 modal vowels, 8 tense vowels and 

19 nasalized vowels, 3 retroflex vowels, 4 nasalized 

retroflex vowels, 1 tense retroflex vowel, and 1 tense 

nasalized retroflex vowel (Sun and Liu, 1986). Bai 

language has 6 to 8 tones among which 3 tones are with 

creaky voice at the end of syllables which higher 

pitches comparative with the other tones. Usually there 

tones are described as tense tones and lax tones 

linguistically. (Xu and Zhao, 1984). Lisu language has 

6 tones which have close relationship with the tense 

and lax vowels and are usually described as tense tones 

and lax tones linguistically. (Xu, Mu and Gai, 1986). 

Lahu language has 5 lax tones and 2 tense tones which 

are produced by the tense vowels. Usually these tones 

are described as tense tones and lax tones linguistically. 

(Chang, 1986). 

Zaiwa language which belongs to the Burmese 

languages, has 5 lax vowels, 5 tense vowels and 68 

finals. (Xu, 1984). Miao language which belongs to 

Miao-Yao languages, has very complex initials and 

very simple finals. Tones in Miao have are 

correspondent to Chinese tones (Wang, 1958). Wa 

language belongs to Austro-Asiatic languages and has 

18 vowels among which there are 9 lax vowels and 9 

tense vowels, 28 diphthongs among which there 14 

tense diphthongs and 14 lax diphthongs and 4 

triphthongs among which 2 are tense triphthongs and 2 

are lax triphthongs.(Zhou and Yan, 1984). Mongolian, 

which belongs to Mongolian language groups in Altaic 

language family, has 12 long vowels which are lax 

vowels and 11 short vowels among which 7 are tense 

vowels when they appear in the first syllable of a word. 

(Daobu, 1983). Western Yugu, which belongs to Turkic 

language group in Altaic language family, has 6 vowels 

with short fricative property. (Chen and Lei, 1984). 

Korean in China is the main language spoken by Korea 

people who are distributed in Liaoning, Jilin and 

Heilongjiang provinces. Most scholars regard Korean 

as a language in Altaic language family. Korea has one 

set of lax consonants among which 3 are lax stops, 1 

lax affricate and 1 lax fricative, and one set of tense 

consonant among which 3 are tense stops, 1 tense 

affricate and 1 tense fricative.(Xuan, Jing and Zhao, 

1985) 

2. Voice signals and research methods 

used in China 

The research methods of phonation depend on the 

signals. The main voice signals are: 1) speech signal, 2) 

electroglottography (EGG), 3) signals of air flow and 

air pressure, 4) laryngeal electromyography (EMG), 5) 

photoglottography (PGG), 6) fiber stroboscope video, 

7) high-speed filming (HSF), 8) high-speed digital 

imaging (HSDI). In the phonetic study on phonation 

types in China, two signals are most popularly used 

which are: 1) speech sound by which acoustical 

parameters such as ratio of harmonics, voices spectrum 

tilt, fundamental frequency (F0), open quotient (OQ) 

and speed quotient (SQ) can be extracted to describe 

phonations; 2) EGG signal which reflect the contact 

area of vocal folds in vibration is captured through 

laryngograph. Since long EGG signal from which 

physiological parameters such as F0, OQ, SQ, jitter 

and shimmer can be extracted for phonation study can 

be easily sampled without invasiveness, it can be used 

in many research fields. Another signal which is very 

important in phonation study is high-speed digital 

images captured by high-speed digital imaging system 

through endoscope or fiber scope. This kind of signal is 

not easily collected, but high-speed images from which 

parameters such as glottal area function, areas of left, 

right, anterior and posterior glottis, lengths of anterior 

and posterior glottis, widths of left and right glottis, 

glottal opening instant, glottal closing instant, F0, OQ 

and SQ from glottal area function etc. can be extracted 

is very useful to explain significances of phonations in 

language communication. With these parameters 

talked above, different phonation types can be 

described and defined and glottal geometrical model 

can be established. 

The methods usually used in China are: 1) 

harmonic analysis, 2) inverse filtering analysis, 3) 

electroglottography analysis, 4) spectrum tilt analysis, 

5) high-speed imaging analysis, 6) multi-dimensional 

voice processing, 7) pitch range analysis and 8) voice 
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attack time analysis, among which the first three are 

often used by Chinese phoneticians. In this section，

some of these methods are briefly introduces.  

Harmonic analysis which is a method often used 

by phonetician is a simple and easily used method in 

research of phonation types, because speech sampling 

and spectrum analysis are all very easy with a personal 

computer. In the last century, many researches on 

phonation types including some phonation types in 

languages of China had been done with this method by 

the researchers (Ladefoged, 1973, 1988; Laver,1980; 

Ladefoged et al, 1987, 1988; Kirk et al ， 1984; 

Maddieson et al，1985; Bao, 1990; Kong, 1993). 

Harmonic analysis for phonation main depends on the 

power or amplitude of different frequencies in a voice. 

The acoustical principle is that when a voice has large 

power or amplitude in high frequency, the amplitude of 

the second harmonic is large than that of the first 

harmonic.  

Inverse filtering analysis is an easily used method 

in the study of phonation types and also often used by 

speech engineers, because the speech signal is easily 

captured and the signal processing of inverse filtering 

is not difficult to implement by a personal computer. 

By this way, resonance of the vocal tract can be 

eliminated from the speech sound and finally obtain the 

source of speech (Alku P., 1991; Fant G. et al, 1994). 

The signal processing used in inverse filtering is LPC 

(linear predictive coding). The steps for inverse 

filtering are: 1) Calculating LPC coefficients from a 

period of speech sound (which is pre-emphasized); 2) 

designing an inverse filter by the LPC coefficients; 3) 

Filtering the speech sound to get the source of voice.  

Electroglottograph analysis is a method by which 

parameters are extracted from EGG signal which is 

easy to capture in real-time through larngography 

simultaneously with speech signal. The parameters 

often extracted from EGG signal are F0, OQ, and SQ of 

close phase by which properties of different phonation 

types can be explained and these parameters also can 

be used in voice model establishment. From the 

perspective of physical meaning, fundamental 

frequency (F0) is the reciprocal of glottal period, open 

quotient (OQ) is the ratio of open phase over the whole 

glottal period, and speed quotient (SQ) is the ratio of 

opening phase over the closing phase. Actually, these 

three parameters can be extracted not only from the 

EGG signal, but also from the speech source signal. In 

Figure 1, the left is the integral of the glottal source 

waveform extracted from the speech signal, and the 

right is the EGG signal. The definitions of the three 

parameters in two cases are also listed in this figure.

 

F0 = 1 glottal preiod = 1 ad⁄⁄                           

OQ = open phase glottal preiod = bd ad⁄⁄      

SQ = opening phase closing phase = bc cd⁄⁄
 

F0 = 1 glottal preiod = 1 ad⁄⁄                  

 OQ = open phase glottal preiod = bd ad⁄⁄

      SQ = opening phase closing phase = bc cd⁄⁄
 

 

Figure 1. Definitions of F0, OQ, SQ extracted from speech source signal (left) and EGG signal ( right). 

3. Phonation types in vowels 

There are two sets of vowels one of which is 'lax 

vowel' and the other is 'tense vowel' so called 

linguistically in Hani language. The 'tense' and ' lax' are 

not as the same as those in English and they are only two 

sets of different vowels. From the view point of 

physiology, 'The muscles of larynx contract with great 

strength and short airflow and the vowels are loud and 

clear in perception, when the tense vowels are 

pronounced. The muscles of larynx contract with less 

strength and long smooth airflow and the vowels are so 

loud and clear.' (Li at al, 1986). Professor P. Ladefoged in 

UCLA once studied on these two sets of vowels and 

found that the ratio of airflow over air pressure of lax 

vowel is larger than that of tense vowel (Ladefged et al, 
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1987, 1978). They thought that the tense vowels are 

glottalized at the offset of vowels.  

The tense and lax vowels had been studied 

acoustically by professor Kong from the viewpoint of 

phonation types, and found that 1) the tense and lax 

vowels are produced by different mechanism of larynx 

and they belong to different phonation types, the so called 

tense vowels are a kind of creaky voice and the lax 

vowels are modal voice (Kong, 1996); 2) the two 

phonation types remain unchanged through all the vowels 

from the onset to the offset; 3) voiced consonants have 

two different phonation types which are as same as those 

of the vowels. In addition, the muscles of larynx contract 

with more strength when pronounce the consonants 

before the creaky vowels; 4) the articulation of these two 

sets of vowels are almost the same by analysis the first 

and second formants in the tense and lax minimum pairs, 

and the opening of mouth in lax vowels are little bit larger 

than those of tense vowels; 5) the tone contours in tense 

and lax vowels are the same and the duration of lax 

syllables are longer than those of tense vowels.  

The method used in this study is 'harmonic analysis' 

in which the ratio or difference of the power or amplitude 

of these two harmonics are measured. Usually the 

difference of the second harmonic and the first harmonic 

is used to describe the properties of phonations, 

especially in the phonetic field investigation but it also 

has weakness. The main problem is that when the first 

formant is low, such as the first formant in vowel /i/, /u/ 

and /y/, the frequency of first formants is very low, so it 

will affect the amplitude of the second harmonic and lead 

to wrong parameter. So a phonatician with experience 

will usually choose vowel /a/ or /e/, which has large first 

formants, to be the experimental samples. In order to 

solve the problem, the amplitude ratio of the second 

formant and the first or second harmonic is used to 

describe phonation types, but the frequencies of the 

second formants in different voices should be same or 

very close to each other. 

4. Phonation and articulation 

Different phonation and articulation can often exist 

together in a vowel or syllable. So in the phonetic study of 

such language, research should pay attention to 

distinguish the function of phonation and articulation. 

Liangshan Yi language has 5 pairs of vowels, 5 tense 

vowels and 5 lax vowels. The 5 lax vowels are regarded 

as modal voice and the 5 tense vowels are regarded as 

creaky voice. (Maddieson et al, 1985). Meddison also did 

an experiment on some of vowels in Liangshan Yi 

language by the method of harmonic analysis and found 

that the amplitude differences of the second harmonic 

minus the first harmonic in some tense vowels are smaller 

than those in lax vowels. This result is not very good to 

explain the nature of tense and lax vowels in Liangshan 

Yi language. 

As is well known, there are two features in the vowel 

system of Liangshan Yi language, one is phonation and 

the other is articulation. According to linguistic study, the 

articulations are the same and the phonations are different 

in the high vowel. The articulations and phonations are all 

different in the middle and low vowels. Based on this, 

another phonetic study on Liangshan Yi language had 

been done and found 1) the articulation between the five 

lax/tense vowels are quite different, the lax vowels have a 

closer mouth opening than their tense counterparts; 2) in 

the tense vowels, the phonations at offsets are more tenser 

than those at onsets; 3) the difference between lax and 

tense vowels in Liangshan Yi language lies not only in the 

different tension of vocal folds, but also in the different 

pharyngeal cavity size and tongue position. As for tense 

vowels, voices are creaky, tongue root advances, and the 

pharyngeal cavity enlarges. Therefore the tense vowel in 

Liangshan Yi language is a comprehensive phonation 

type produced by a mechanism of vocal folds, tongue root, 

and laryngeal cavity; 4) in harmonic analysis, the ‘h2-h1’ 

is not appropriate in this case, while the ‘F1-h1’ and 

‘F2-h2’ are applicable (Kong, 1997a). 

5. Phonation in initials 

It is important for the description of a sound system 

in language field investigation, if the phonation feature of 

an initial can be identified. There are 29 consonants in 

which many are voice consonants, 8 pairs of tense/lax 

vowels whose articulation quality are the same, and 3 

tones which are simple. So they are very good materials 

to study on the phonation types of voiced consonants. In 

the study, the method of harmonic analysis is used and 
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found 1) the phonation types are different between the 8 

pairs of tense/lax vowels. The tense vowels are a kind of 

pressed or creaky voice and the lax vowels are modal 

voice; 2) voiced consonants have two different phonation 

types which are as same as those of the vowels; 3) the 

phonation types of Axi Yi language have relationship 

with the articulation but have no great different. 4) 

although the 3 tones in Axi Yi language are described as 

33, 55 and 21 linguistically, they have close relationship 

with the phonation types of vowels. The F0 contours in 

creaky syllable are higher than those in modal syllable 

(Kong, 1997b). 

According to the results, the vowels can be 

described as two kinds of vowels by different phonation 

types linguistically, and the voiced consonants also can be 

described as two kinds of consonants by phonation types, 

one is creaky voiced consonant and the other is model 

voice consonants. At present, linguists in China usually 

regarded the phonation features as the properties of 

vowels. From the viewpoint of historical linguistics, the 

initials and final stops in a syllable usually have 

relationship with the two phonation types. 

6. Phonation in finals 

The finals in most of languages in Loloish language 

group consist of single vowels and only few languages 

have voiced final endings. There are many voiced final 

endings appear in the language of Burmese language 

groups. Zaiwa language which belongs to the Burmese 

languages, has 5 lax vowels, 5 tense vowels, 3 tones 

which is simple and 68 finals among which many have 

voiced final endings. There are 3 kinds of final structures, 

which are single vowel, main vowel+stop ending and 

main vowel+nasal ending (Xu, 1984). 

An experiment on phonation types had been done 

through the methods of harmonic analysis and the inverse 

filtering and the results shows 1) the tense vowels belong 

to a king of pressed voice and the lax vowels are modal 

voice with a little breathy voice. 2) the phonations types 

of different final endings are as same as those of the main 

vowels. 3) according to the results, the nasal endings in 

Zaiwa language have two different phonation types, one 

is pressed voice and the other is model voice. 4) finals 

with stop endings are always pressed voice from which 

we can see that phonation types in Zaiwa languae have 

close relationship with stop endings. 5) the phonation 

types of voiced consonants are as same as those of main 

vowels. 6) The pressed voice feature not only appear in 

main vowels and voiced initials, but also appear in voiced 

final endings and stop endings (Caodao, 1998; Kong, 

2001). According to this, the final can be described as a 

tense final or tense syllable linguistically. 

7. Phonation in tones 

When phonation types of languages in Sino-Tibetan 

language family are discovered and studied, linguists 

China did want to know if phonation features can be a 

distinguish feature of tones. Jinpo language belonging to 

Jingpo languages in Burmese branch has 31 initials, 4 

tones, and 88 finals. There are 4 final structures which are 

1) single vowel, 2) main vowel+vowel ending, 3) main 

vowel+nasal ending and 4) main+stop ending. If the 

different phonation types appear in the four kinds of final 

structures simultaneously, the syllabic nature which can 

be used to define tone quality can be identified.  

After the acoustical analysis on Jingpo language, it 

can be found that the tense vowel is a kind of pressed 

voice and the lax vowel is modal voice. They are two 

different phonation types. While the results also show that 

a phonation type which really appears in different 

syllables is of syllabic and can be used as a 

suprasegmental feature. Jingpo language is a tonal 

language. Usually tones are described and defined by 

levels and contour forms of F0 which produce by 

frequency of vocal fold vibration. When articulations of 

segments and F0 contours in one syllable are the same, 

the different phonation types are the distinguish features 

which can be defined as tone quality produced by the 

different vibration methods physiologically (Kong, 

2001,2005). In the latter section, we can see that F0 (time 

domain), OQ and SQ (frequency domain) can be used to 

define tone quality. 

8. Phonation of voiced aspiration 

Another phonation type often appears in the 

languages of China is breathy voice which can be found 

in Miao and Wa languages. The breathy voice always has 

relationship with voiced aspiration consonants. In this 
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section, the breathy voice in Shimenkan Miao is taken as 

an example to explain the phonation feature. The voiced 

aspiration in Miao has been found many years ago and 

was described as voiced aspiration consonant, aspiration 

vowel and tones by different linguists for different 

purposes (Wang, 1979). Shimenkan Miao has 56 

consonants, 21 finals and phonological 8 tone. Usually 

the voiced consonants are described as voiceless 

consonants, because they are in a complementary 

distribution with tone 1, 3, 5 and 7.  

The experiment on the voiced aspiration shows: 1) 

the voiced aspiration is breathy voice in Shimenkan Miao. 

2) Breathy voice which is syllabic appears not only in 

voiced aspiration consonant, but also in the whole finals. 

3) The tones in syllable of breathy voice are lower than 

those in un-breathy voice syllable, which indicate breathy 

voice can decrease F0 of tones, especially at the onset of 

tones (Kong, 1993). According to the results, breathy 

voice in Shimenkan Miao can be described as voice 

aspiration consonant, voiced aspiration vowel and voiced 

aspiration tone phonemically and phonologically for 

different linguistic purposes. 

9. Phonations in Mandarin tones 

Mandarin is tonal language which has 4 basic tones 

and 20 diatones including the 4 neutralized diatones. As is 

well known, F0 in Mandarin tones is significant in 

distinguish meanings and the tone perception categories 

have been defined by Professor William S-Y. Wang 

(Wang, 1983). With the development of speech 

technology, speech synthesis and recognition of 

Mandarin have been researched and implement systems 

have been established. In order to improve speech 

synthesis system, it is important to study and improve 

phonation model of Mandarin tones. In this section, 3 

basic studies on phonation patterns or models are briefly 

introduce. 

The patterns of tones and diatones of Mandarin were 

studied by EGG analysis, in which the parameters of F0, 

OQ and SQ were extracted from EGG signals. The results 

show: 1) The F0 contour of Tone 1 (Yinping) whose tone 

value is 55 by the 5 letter tone system by Chao (Chao, 

19xx) is 'high-level', the SQ contour is also 'high-level' 

and the OQ contour is 'rising'. 2) The F0 contour of Tone 

2 (Yangping) whose tone value is 35 is 'rising', the SQ 

contour is 'falling' and the OQ contour is 'rising' which is 

as same as that of tone 1. 3) The F0 contour of Tone 3 

(Shangsheng) whose tone value is 214 is 'low-level', the 

SQ contour is 'high-level' and the OQ contour is 

'falling-rising'. 4) The F0 contour of Tone 4 (Qusheng) 

whose tone value is 51 is 'falling', the SQ contour is 

'rising' and the OQ contour is 'rising-falling-rising'. The 

same method and parameters were used in the study of the 

diatones in Mandarin (Kong, 1998). 

The phonation model on tones and diatones in 

Manadrin were studied by the method of inverse filtering. 

Although LPC inverse filtering analysis is a good method 

to extract voice source from speech sound, it has 

weakness in obtaining voice source, because it is an all 

poles model. As is well know, there are zeros 

(anti-resonance or anti-formant) in speech sound when 

nasal is pronounced (Dang, J., K. Honda, et al, 1994), and 

zeros will also appeared in the coupling of vocal tract and 

trachea, and the piriformis will also produce 

anti-resonance (Dang, J., K. Honda, et al, 1997). In the 

phonetic study on phonations in China's languages, 

normal vowels, such as /a/ or /e/, are often used as 

experimental samples and vowels with lower first 

formants are not used, because the power of F0 will be 

reduced in the inverse filtering. Since this method cannot 

extract zeros (anti-formants) for the inverse filtering 

design, the inverse filtered acoustical source display 

single peak waveform, double peaks waveform and 

tri-peaks waveform, when F0 deceases gradually (Kong, 

2004b). The phonation model was established through 

such source waveforms which can be used to improve the 

speech Intelligibility and naturalness of speech. 

With the development of high-speed imaging, the 

vocal fold vibration of tones in Mandarin can been 

observed and captured by endo- or fibre-scope through 

high-speed video camera. So parameters such as F0, OQ, 

SQ and jitter can be extracted from dynamic glottis of 

tones for phonation research and modeling. The model of 

dynamic glottis can (Kong, 2007) can not only synthesize 

different phonation types such as modal voice, falsetto, 

vocal fry, creaky and so on, but also synthesize disordered 

voices such as diplophonia. To compare the 3 studies 

above, we can see that the research sources are not same. 
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The first is EGG signal, the second is speech signal and 

the third is image signal. Although the signals are 

different, they all revealed the phonation natures in tones 

of Mandarin. 

10. Phonation study by high-speed 

image 

In the 70s last century, the techniques of high speed 

imaging developed quickly. This technique was also used 

in the study of vibration of vocal folds. With digital image 

signals processing, many parameters can be extracted 

from the high speed image glottis (Kong, 2007). The 

definitions of parameters display in figure 2.  

 

 

 

 

 

Figure 2. Parameter definition

There are two plots in the following 3 figure. In figure 3., the left displays 24 vocal fold images of modal voice and 

the right displays 13 parameters extracted from dynamic glottis. In figure 4., the left plot displays 24 vocal fold images of 

breathy voice and the right displays 13 parameters of this voice. In figure 5., the left displays 24 vocal fold images of 

creaky and the right displays 13 parameters of this voice. 

                    
Figure 3. Left plot displays 24 frames of vocal fold images of modal voice. Right plot display 13 parameters of a 

model voice. 

                   

Figure 4. Left plot displays 24 frames of vocal fold images of a breathy voice. Right plot display 13 parameters of a 

breathy voice 

                  
Figure 5. Left plot displays 24 frames of vocal fold images of a creaky voice. Right plot display 13 parameters of a 

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

10 20 30 40 50 60
0

100

200

p
ix

e
l

10 20 30 40 50 60
-200

0

200
p
ix

e
l

10 20 30 40 50 60
-200

0

200

p
ix

e
l

10 20 30 40 50 60
-5

0

5

p
ix

e
l

10 20 30 40 50 60
-20

0

20

p
ix

e
l

10 20 30 40 50 60
0

50

100

frame

ra
ti
o

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

20 40 60 80 100 120
0

500

1000

p
ix

e
l

20 40 60 80 100 120
-500

0

500

p
ix

e
l

20 40 60 80 100 120
-500

0

500

p
ix

e
l

20 40 60 80 100 120
-10

0

10

p
ix

e
l

20 40 60 80 100 120
-10

0

10

p
ix

e
l

20 40 60 80 100 120
0

10

20

frame

ra
ti
o

31 32 33 34 35 36

37 38 39 40 41 42

43 44 45 46 47 48

49 50 51 52 53 54

100 200 300 400 500 600
0

50

100

p
ix

e
l

100 200 300 400 500 600
-100

0

100

p
ix

e
l

100 200 300 400 500 600
-100

0

100

p
ix

e
l

100 200 300 400 500 600
-5

0

5

p
ix

e
l

100 200 300 400 500 600
-10

0

10

p
ix

e
l

100 200 300 400 500 600
0

50

100

frame

ra
ti
o



语音乐律研究报告 2012   

8 

 

creaky voice.

Through the high speed images, vibration of vocal 

folds of different phonation types can be observed and 

studied both acoustically and physiologically. The 

research by high-speed imaging has greatly improved the 

research on phonation types in China. 

11. Linguistic discussion 

According to the principle of acoustics, speech 

production consists 3 parts which are speech source 

which is correspondent to vibration of vocal folds, 

resonance which is correspondent to articulation of vocal 

tract and radiation which does not has linguistic 

significance in languages. So some phonetics concepts 

and theoretical frame work should keep consistent with 

the acoustical principles. In this section, the definitions of 

model voice, breathy voice, pressed voice and creaky 

voice are given and discussed, an acoustical chart of 

phonation is introduced, the concept of tone quality is 

defined, the concepts of articulation quality and 

phonation quality are given and discussed and the 3 kinds 

of vowel qualities are defined. 

As is well known, phonation changes in oral speech 

communication of all languages. From the viewpoint of 

linguistic phonetics, phonation types in languages of 

China should be of linguistic significance and those 

which do not have linguistic significance are not regarded 

phonation types even though they are real different 

physiological and acoustical phonations. According to the 

results and conclusions discussed above, there are at least 

3 phonation types which are significant in disguising 

meanings. They are "modal voice", "breathy voice" and 

"pressed voice" or "creaky voice". The phonation type 

which usually has modest F0, modest OQ which is around 

55% and modest SQ which is around 200 is regarded as 

"modal voice". The phonation type which usually has 

relatively small F0, large OQ and small SQ is regarded as 

"breathy voice". The phonation type which usually has 

relatively large or small F0, small OQ and large SQ is 

regarded as "pressed voice". The phonation type which 

usually has very small F0, small OQ, very large SQ and 

irregular period or large jitter is regarded as "creaky 

voice". There phonation types are defined linguistically 

based on acoustical parameters. 

In linguistic phonetics, acoustical vowel chart is 

used to display the tongue position and mouth opening of 

a vowel. In the study on phonation types, we have 

developed an "acoustical phonation chart" to display 

status of vocal fold vibration of phonations. The 

parameters used in this chart which can be 2 dimensions 

(2D) and 3 dimensions (3D) are F0, OQ and SQ. See 

figure 6 and 7. Figure 6 is a 2D acoustical chart of 

phonation whose x axis is OQ and y axis is SQ. It displays 

5 phonation types. Figure 7 is a 3D acoustical chart of 

phonation whose x axis is F0, y axis is SQ and z axis is 

OQ. It displays the phonation distributions of ordinary 

speech and chanting of Lama chantings in 3D space. 

 

Figure 6.  A 2D acoustical chart of phonation.  

 

 

Figure 7. A 3D acoustical chart of phonation.  

 

According to the phonation studies in languages of 

China, phonation types are often syllabic. If the initials, 

finals which may has main vowel and vowel or nasal 

endings and tone contours in two single syllable words 

which distinguish from the other only by phonation types 

are the same, the phonation types can be regarded as "tone 

quality", because the F0 contours reflect the phonation 

nature of tones in time domain which can be regarded as 

"tone pattern" and the phonation types reflect the 
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phonation nature of tones in frequency domain. 

A vowel is produced by both vibration of vocal folds 

(speech source) and articulation of vocal tract (resonance) 

and it is wrong to think that vowel is produced only by 

articulation. So the vowel quality is regarded as 

"articulation quality", when articulation is used to 

distinguish meanings and the vowel quality is regarded as 

"phonation quality", when phonation type is used to 

distinguish meanings. These two kinds of qualities are 

also can be used to describe and define voiced 

consonants. 

Based on the concepts of articulation quality and 

phonation quality, vowel quality has 3 different forms 

which are: 1) "articulation quality is same and phonation 

quality is not same"; 2) "articulation quality is not same 

and phonation quality is same"; 3) "articulation quality 

and phonation quality are all not same". These 3 

combinations of vowel qualities can all be used to 

distinguish meanings in a language. 

With development of speech technology, many new 

methods are used in phonation research. For instance, the 

method of VAT (vocal attach time) is a new method which 

is developed in the fields of speech physiology (Baken RJ, 

Orlikoff RF.1998). By this method, the hard and soft 

voices can be identified. At present, this method is not 

widely used in the phonetic study for phonations. A 

according to our preliminary study by this method, it can 

be found that hard and soft voices indicate some 

relationship between tones and initials. We hope that it 

can be used to reveal the nature of tone's origin. In a word, 

the phonetic and linguistic studies on phonation types in 

languages of China are the bases which improve the 

research on phonation types in China's speech science. 
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