Asian Journal of Basic and Applied Sciences| \Vol. 3, No. 2, 2016
ISSN 2313-7797

INDONESIAN FORMANTS IN ACOUSTIC ANALYSIS

Ichwan Suyudi & Debyo Saptono
Gunadarma University
INDONESIA

ABSTRACT

This research has a purpose to analyze the characteristic of speech sound or usually called as
formants analysis or vocal tract. The contour of vowel sound was analyzed just if its
fundamental frequency showed the up-down pattern clearly. For that importance, so the
fundamental frequencies (fO, f1, and f2) were counted separately on certain points. As a
comparison, it was also counted the value of f0, f1 and f2 in words. The used method was
Praat software and VisArtico application. The result of the research shows that vowel sound
of /a/, shows f1 and f2 point that is different when the utterance data was done by two
different recording processes. This difference is assumed as a result of allophonic that
influenced the production of that vocal sound.
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BACKGROUND OF THE STUDY

Vowel system of Bahasa Indonesia is relatively simple. This system just has six
monophtongs. There is no nasalization vowel in Bahasa Indonesia (Zanten, 1989) and there
are no differences between vowel phonemes. If it was compared to English vowel that had 12
monophtong vocals since English phonology system differentiate the long vowel and short
vowel. Bahasa Indonesia vowel system, commonly divided into six phonemes, they are /i, s,
a, 0, a/ and one central vocal (Lapoliwa, 1983). Vowels of Bahasa Indonesia can be
pronounced in different ways, especially depended on its emergence as opened syllable or
closed syllable. Generally, it was agreed that /i, o, o/ had a chance to have allophonic
variation, either /o/ isn’t. Numerous linguists put /u/ in that group (Halim, 1974; Soedjarwo,
1983). According to Poedjosudarmo (1982) the appearance of two allophones for /o/ was not
determined by context in Bahasa Indonesia so those two sounds become two different vowel
phonemes, they were /o/ and / o/.

There is no any agreement among the linguists about what context of the appearance of low
allophone and high allophone is. According to Stokhof (1980), the closed syllable does not
contain high allophones, except on a loanword. Ekowardono (1983) emphasizes the facts that
there are numerous exceptions about this principle, especially related to /i/ and /u/. Other
linguists set measures to the appearance of lower allophone on the last closed syllable, also
on the syllable (penultimate) ended by consonant non nasal, but those shapes do not have
any differences in Bahasa Indonesia vocabulary (Soedjarwo, 1987). However, in some words,
the higher allophones of /i/ and /u/ on the loan word emerge on the last closed syllable. The
harmony of allophones were stated by many linguists, which was about the low allophone of
a phoneme that appeared in both closed syllable and opened syllable penultimate that was
directly followed by the closed syllable, that contained the low allophone of the same vocal
phoneme. Zanten (1989) states that he agrees with all other linguists about variation of
allophonic for /e/ and /o/ and seem that position of /i/ and /u/ are weaker with some
exceptions. Allophonic variations for /a/ is stated by some people, but no one who states
about / o/. The experimental phonetic methods could be used so that became more explicit
and maybe more objective. By comparing the measurements of physical quality of utterances,
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other differences of utterances’ realization could be revealed. Like what had been done by
Azhar (2001). In his research, Azhar explained that the sound was produced by two
processes, 1. e. generation and filtering. Generation process was the first time the utterance
was produced by the vibration of vocal cord and vocal fold inside the larynx for producing
periodic sound. Periodic sound had the characteristic of being constant and next would be
filtered by vocal tract or articulator that contained of tongue, teeth, lips, palate and others so
the sound became an output of vowel and or consonant that formed meaningful words and
could be analyzed next for understanding the utterance or could be said as voice recognizion.
Azhar stated that principally the speech sound was divided into some components, such as
pitch, formants and spectrogram that could be used for identifying someone’s characteristic
for the importance of voice recognition. For the importance of speech sound analysis, there
were some components to be analyzed, they were:

Pitch or could be called as fundamental frequency (basic) with fO notation. Each people had
habitual pitch that was so influenced by physiological aspects of human larynx. On the
condition of normal conversation, the habitual pitch level was between 50 to 250 Hz for men
and 120 to 500 Hz for women. The changing of fO constantly could give linguistic
information, for example to differentiate between intonation and emotion. Pitch analyze
could be used for doing voice recognition to someone’s voice through statistic analyzing to
the value of minimum pitch, maximum pitch and mean pitch.

The utterance could be divided through the pitch, loudness, and vocal quality (Ladefoged and
Johnson, 2011: 7). Wedhawati, et al. (2001: 24) explained that the quality of vocal cord was
defined by four factors, such as high-low of the tongue, a part of the tongue that moved
around, positional relation of the active articulator with passive articulator, and lips’ shape.
While Bickford and Rick (2006:32) stated that vocal quality was influenced by the
differences of two tongue positions and mouth, for both in front-backs, up-down. The vocal
differentiation was explained by Ladefoged and Johnson (2011: 22-23) could be seen by
pitch and additional tone that related hardly to the differentiation of front vocal and back
vocal. High-low of the vocal pitch was decided by tongue’s position, the high vocal pitch was
when a tongue’s position was low and on the contrary, the low vocal pitch was when the
tongue’s position was high.

Forman was resonance’ frequencies of the filter, which was vocal tract (articulator) continued
and filtered the vocal output, consonant or words. Cohn in Aronoff and Janie (2003),
explained that the utterance generally had characteristics in tongue or jaw’s height (height,
mid, low) and tongue’s part that could move (front, mid, back). Besides, the utterance
appeared because of the utterance does not too close so the airflow did not have any obstacle
(Ladefoged and Johnson, 2011). Ladefoged and Johnson (2011) explained that the utterance
was better explained by the explanation of acoustic structure than by the explanation of
movement’s influences as articulatoric.

According to the background of Bahasa Indonesia vowel experimentally, this research had a
purpose to show the result of formants analysis used Praat analysis and compared it by vocal
tract animation. Through the counting of f1 and f2 on Praat equipment and vocal tract
animation, it was expected to get points that were precision enough about the position and
tongue’s movement for producing the vocal so it could be seen the error point of the
phonetic.
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RESEARCH’S METHOD

The research’s method that was used was acoustic study (van Zanten and van Heuven, 1983).
The production process was done by recording to the informant of native and non-native
Bahasa Indonesia speakers. These informants produce vowel and consonant by 2
experiments, i.e. producing the vowel sound isolated and vocal sound and consonant based on
(certain) word (s). The recording process used Sony recorder with ideal and natural space of
recording. The informants were adult male and are able to produce vowel and consonant
clearly. The data were analyzed using Praat software (for formants analysis),Visartico
application and macro media flash to make the vocal tract that had been designed before.

ANALYSIS AND DISCUSSION
The counting result of f0, f1, and f2 was executed in two steps. Step number one was using
Praat software. The next step was inserting the speech sound in to Visartico application to get

the two comparisons of f0, f1, and f2. The first result of Praat software analysis is like follow.

The pitch curve of an example word ‘pergi’ (‘go’) compared to the sound countour curve of
vowel /o/ isolated.
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Figure 1: Segmentation process of vowel /a/

Figure 1 shows the analysis result of accoustic vowel /o/ or € (pepet) that was produced with
duration of 0.51 second, with f0 is 106.43 hz. The word ‘pergi’ (go) was segmented and taken
its ‘per-‘syllable for further segmentation to get /o/ sound. The next step was vowel
segmentation of /o/ was counted to get the mean fO, minimum f0, and maximum f0. Further
step was forman analysis by counting f1 and f2 to figure out the characteristic of speech
sound in the vowel isolated (gotten from single recording), and vowel produced in context (in
word). Through the counting of mean pitch analysis (min f0), minimum f0, and maximum f0
of each vowel sound were presented in following table.
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Tabel 1: Comparison of Mean Pitch, Minimum Pitch, Maximum Pitch of vowel (hz)

Vowel

mean min max

Pitch pitch pitch
/il(in a word) 125.52 116.06 | 127.92
/il isolated 115.49 85.67 128.42
/a/(in a word) 121.84 120.07 | 123.28
/al isolated 108.31 92.18 120.3
fu/ (in a word) 102.89 87.26 123.97
/u/ isolated 114.35 85.95 124.64
/ol I('in a word) 118.84 116.68 | 121.42
/ol isolated 188.69 111.76  498.7
/o/('in a word) 127.73 127.33 | 128
/o/ isolated 113.41 79.33 135.6

Through the comparison between the isolated vowel sounds and in words vowels sound
obtained mean values fO for each vowel. Characteristics fO vowel /a/ and /a/ show the results
of a significant difference compared to other vowels. The calculation of f1 and f2 values can
be seen in the table 2 below:

Tabel 2: The Comparation of f1 and f2 Value in Vowels Sounds

Vowel fl 2

/i/(in word) 367.32 | 2482.93
/il isolated 426.09 | 2538.35
/al( in word) 861.61 | 1460.681
/a/ isolated 120.3 | 1334.58
/u/ (in word) 373.21 | 782.85
/u/ isolated 389.04 | 74.611
/ol I('in word) 635.42 | 1411.69
/ol isolated 484.24 1353.01
/o/('in word) 511.34 | 1002.57
/ol isolated 543.6 | 825.68

Based on the table above, we can see a significant difference in the production of isolated
vowels and in words vowels sound. The values obtained in the table above is almost like the
table mean fO value calculation, the value of f1 and f2 from the Indonesian native informant
with Javanese language background. Through his research, Zanten measured f0, f1 and f2 in
isolation way and put them in the word. The mean values of f1 and f2 are in the following

table

Table 3: The comparison of the isolated vowels sound value and in words vowels sound

value
Vowel Mean f1 Mean F2 | Mean f1 | Mean F2
Sound Isolated Isolated | Word Word
fil 295 2378 316 1988
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lal 467 1464 492 1130
lal 868 1389 680 1142
lo/ 495 1010 586 970
ful 299 1005 342 996

Table 3 shows the Characteristic of the isolated vowel sounds and in words vowels sound in
Van Zanten’s research. Van Zanten concerned his research on the production of vocal tract
on Indonesian people from various cultures.

Table 4. isolated f1 and f2
Between Van Zanten and researcher’s calculation

Vowel Mean fl1|Mean F2 | Mean fl1| Mean F2
Sound (V2) (V2) (P) (P)
Isolated Isolated Isolated Isolated
fil 295 2378 426.09 2538.35
ol 467 1464 484.24 1353.01
lal 868 1389 120.3 1334.58
fo/ 495 1010 543.6 825.68
lu/ 299 1005 389.04 74.611

Table 5: The value f1 and f2 in the word
Between Van Zanten and researcher’s calculation
Vowel VZ VZ P P
Sound

Mean fl | Mean F2 | Mean f1 | Mean F2
Word Word Word Word

fil 316 1988 367.32 2482.93
&Y 492 1130 635.42 1411.69
fa/ 680 1142 861.61 1460.681
o/ 586 970 511.34 1002.57
ful 342 996 373.21 782.85
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Figure 2: The Comparison value of f1 in isolated vowels sounds and in context vowels
sound
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Tables 4, 5, and figure 2 explains the tendency of almost equal value between the calculations
performed by Van Zanten and calculations have been carried out by investigators. Vowel /a/
tends to provide different value for f1 and 2 between the production of isolated vowels
sounds and in words vowels sound. Van Zanten (1989) had examined the characteristics of
vowels and consonants which are produced by speakers from the Javanese, Sundanese and
Batak Toba.

DISCUSSION

The fundamental frequency is also known as fO which is coherent in form of formant
transition f1, f2, and so forth. The dominant frequency components that characterize
phonemes associate with the resonance frequency component of the system, it is further
defined as a vowel formants. The spoken voices, in particular are vowels, usually have 3
pieces formants and often referred to as the first, second, and third formant. It is starting with
the lowest frequency component. All three are always written as f1, f2 and f3. Formant 4 and
5 are needed to get formant parameter values to be more detail. Since if we only have sound
signal less than 3 pieces, then certainly the analysis of these data will fail (Zanten, 1989).
Ladefoged (1975: 173) explains that the lowest formant frequencies, f1, in reverse figures an
altitude vocals; the second formant, F2, (or just the difference between the frequencies f1 and
f2) in line with the level to back in the traditional vowel diagram and sometimes until f3. This
is decisive in differentiating vowels from one another. The third center frequencies are
measured by using narrow band spectrograms (Kay Sonograph, 6061), filtered with
bandwidths of 50 hz wave which are created in the mid vowel. On 1 mm a scale or equal with
frequency axis 82 hz.

Phoneticians experimental stated that vocal quality is determined by the center frequencies of
the formants, means the resonant voice channel. The lowest formant frequency is F1, it is the
inverse ratio if it is associated with a vowel high based on traditional vowel diagra. The
second formant, F2 is illustrated in inverse diagram as backwardness vowels compared with
those vowel. Therefore the lowest vowel, namely F1, F2, or F3 is a determinant in
differentiating vowels from one another. The third center frequencies of formant analyzed
and determined from spectrograms through Linear Predictive Coding (LPC) and by analyzing
the time spectrum. Here is the production of vowel /a/ use VisArtico application. Through
visArtico production, vowel sounds are clearer and easier to imagine. The tongue movement
also supports the clarity of position of the tongue.

'6) Bahasa Indonesia application in vowel /U;T
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Figure 3: lllustration of the production of the vowel /i/ by using VisArtico application
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Is actually rather difficult to find the overlap between the realizations of in word spoken
vowels, despite all kinds of realization each vowel has been calculated. The distribution of
/el, lo/ and /u/ which are spoken isolation and the greater overlapping for isolated vowels are
much clear, especially in vowel /a/, and some appear in the distribution of another vowel, as
in /e/. Through the application of Vis Artico, researcher tries to present a form of
computation f1 and f2 in the form of animation. By using the same word example, the word
'pergi’(go), the researcher obtained propensity score that similar to the calculation results of
the Praat application. In acoustic vowel, it is clearly seen the formants center frequencies are
lower, near overton group amplified by the resonance characteristics of the measured vocal
tract.

CONCLUSION

Through the analysis of production, has performed the measurement values of f0, f1 and 2
on Indonesian native informants. VVowels measured were 6 vowels, that is, /a/, /i/, lul, /s/ and
/o/. Vowel sounds were measured in isolation and in words which are then compared. The
comparison showed the same propensity score. Researcher also compared the measurements
that have been conducted by researcher himself and Van Zanten measurement results with the
same variable. Visually, the measurement of f1 and f2 were not possible been done, but by
using VisArtico and Praat, the calculation of vocal tract has been successfully carried out and
have obtained a precise value. However, it is still needed to do a different calculation for the
isolated vowels or in words vowels. Phonologically vocal quality is specified by the levels of
openness mouth. If all variables are constant, the more wide-open mouth and their
articulatory movement, the vowel will be much longer. To measure the length of isolated
vowels, for more detailed analysis, it can use oscillograms tool.
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