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Primary School Children based on Formant Frequencies
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Abstract: Problem statement: The study of Malaysian Arabic phoneme is rarelymfibuvhich make
the references work difficult. Specific guideline Balaysian subject is not found even though afot
acoustic and phonetics research has been donehemn leinguages such as English, French and
Chinese.Approach: This study discussed about the correct and simp¥ast of Arabic phonemes
pronunciation in Malay accent. The Internationabidtic Alphabet of Arabic chart was considered as
the reference of every recorded speech sampleg dtaysian children for their sound localization
(makhraj point) of every alphabet. The recordedndowas analysed to determine the origin of each
alphabet data by measuring its formant frequencid®e consonants of Standard Arabic (SA)
phonemes were studied and the appropriate placeticllation of every phoneme was measured
through its formantResults. Only seven out of 25 consonants of SA phonemethefchildren’s
samples did not give the appropriate formants valie formants are /kof/ 3, /zo/, f], /kho/, [#],
/gheyn/, ], /hal, k], /ain/, ] & /hal, [] which consider as the difficult SA to utter ama¥iglaysian
children. Conclusion/Recommendations. The values obtained are used as the reference eof th
database for our recognition system.
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INTRODUCTION phoneme is acquired according to Eq. 1 (Fant, 1960;
Johnson, 2003; Rabiner and Juang, 1993; Mablad.,

Spectrogram is well-known of its representation 0f2009).
visual image of a moving signal. Through a
spectrogram, the signal waveform can be interprete¢ =(2n—1)c 1)
according to its colour distribution, time and fueqcy. "4l
The spectrum of the signal is shown in every small
vertical slice of the spectrogram. The robustnes$ a where, L is the length of the vocal tract which is
convenience of the spectrogram in speech applitigio measured from the place of articulation (makhranpo
approved through reading (Laprie and Berger, 19960f the sound production to the lips. Based on égnat
Hatazakiet al., 1989; Silverman and Lee, 1987; Hunt, (1), since L is the length of the vocal tract, famh
1987; Connolly and Edmonds, 1986; Zue and Lamelfrequency, F will be lower as the constriction lech
1986; Zue and Cole, 1979; Mporatsal., 2007). into the mouth as n and c is fixed, where n is the
From the spectrogram, Awaig al. (2006) has formant;c is the speed of sound in warm and moist air
described about the detection of the phonemeg35000 cm secd). For example, phoneme /aing] [(in
boundaries and identify it as pauses, vowels opharynx location) will possess greater formant
consonants. The result for segmenting continuousrequency compared to /tsak][(placed at dental place
Arabic speech using FFT spectrogram is excellentof articulation) as reported by Adt al. (2001).
Every phoneme of 10 speakers is detected as All speech sounds have its unique speech
consonants or vowels with overall accuracy of 9%39 waveform patterns. Therefore, to obtain the
Therefore, this study is to use the robustnesheof spectrographic image of speech sound, speech data
spectrogram of each of the signal of SA phonemes temust be compressed and undergo signal acquisition
detect the formant frequencies and to study therocess or digital signal processing method (Smith,
waveform patterns. The formant frequency, df the  1997; Mitra, 2006).

Corresponding Author: R. Sudirman, Faculty of Electrical Engineering, \msity Technology Malaysia, 81310 UTM Johor Bharu,
Johor, Malaysia Tel: +6075535270 Fax: +6075566272
1003



J. Computer i, 7 (7): 1003-1010, 2011

By using Fourier Transform technique, Equations  Glottis: /ha/, f]
(2) is visualized as an image with the conventioat t
frequency is increasing from bottom to top as tisie Plosive phonemes: It consists of nine phonemes in SA
increases from left to right. While the pixel valaé which is the second largest set of the phonemes aft
each point in the spectrogram is proportional te th fricative. Plosive is the behaviour of sound prastliby
magnitude of the spectrum at a certain frequency adtopping the airflow in the mouth (Fant, 1960; Jihm

some point in the time. 2003; Rabiner and Juang, 1993; Hassan, 1984).velosi
is sometimes called stop or spirant. Those include
X, @) =22 x(n)w(n-m)e™ (2) bilabial, dental, velar, alveolar, interdental ancular.
The plosive classifications are as follows and rthei
Here: pronunciations are in Malay accent:
x(n) = The speech signal, and w(n) is a window
of length L + Bilibial: /ba/, []
Xm(€®) = A collection of Fourier Transform of ¢ Dental: /dal/, {] and /ta/, &]
windowed segments of x(n). Where » Interdental: /tho/,%]
n = The number of sample while m is thee Alveolar: /dod/, ]

number of windowed frame of the sample «  Velar: /jim/, [z] and /kaf/, {]
e Uvular: /kof/, [3]

An experiment done by Jackson (2001) on threa  Gottal: /alif/,[]
English consonants for each voiced (/b, d, g/) and
unvoiced (/p, t, k/) showed that formant & English  Nasal phoneme: In SA, only two phonemes are
plosives is less reliable. While the value of fonn&  categorized in this group. Nasal is produced with a
andF3 can distinguish the consonants according to thgowered velum in the mouth, allowing air to escape
place of articulation. The inner the place of arition,  freely through the nose (Fant, 1960; Johnson, 2003;
the results is higher in formant.Agbal et al. (2008)  Rabiner and Juang, 1993; Hassan, 1984). The

used formant frequencies to identify Arabic vowehsl s .
nasal formants /lam/,J[, /mim/, [;] and /nun/, {]. ;ﬁjigi?:ﬁ?ﬁu%f/?ﬂasal phonemes are bilabialmik]
of : .

Subjects were Quranic expertise which gave 90
average accuracy. , Approximant phonemes: Approximant is the manner
The following parts discussed the SA phonemegy¢ 4ticylation which composed of two phonemes of

based on its manner of production. Each manner A. Both of these approximant are semivowel, which

productions is having the same characteristicshef t o . ,
spectrogram based on the way it is pronounced. Th@roduced by bringing one articulator (alveolar)tire
following parts describe the methods used, resarits vocal tract close to another (Fant, 1960; John&iQ3;

conclude the findings. Rabiner and Juang, 1993; Hassan, 1984). The
approximant phonemes are palatal: /yal, 4nd velar:

Fricative phonemes. Fricative is the largest set of SA /waol, [J].

because it contains thirteen phonemes in the set.

Fricative sound is produced as air escaped a narroWrill phoneme: Only a phoneme is categorized as trill,

constriction in the mouth (Fant, 1960; Johnson,3200 Which is produced by vibration of the tongue agains

Rabiner and Juang, 1993; Hassan, 1984). Th&ome oth_er part of the mouth (alveolar). The trill

classifications of fricative are as follows and its Phoneme is an alveolar: /rof]{

phonetic as pronounced by Malay subjects: Lateral phoneme: Lateral also composed of a

phoneme in the group of SA. The phoneme is produced
by raising the tip of the tongue against the robthe
mouth so that the airstream flows past one or biatas
of the tongue (Johnson, 2003; Rabiner and Juang,

e Labiodental: /fa/, H]
e Dental: /zall, }] and /tsa/, {]
e Alveolar: /zail, [)] and /sin/, [»]

*  Post-alveolar: /shin/.] 1993). The lateral phoneme is /lamJ]. |

* Coronal: /sod/,d-] Figure 1 shows the distribution of the places of
* Palatal: /zo/, 4] . articulation in SA and Table 1 listed the SA phoesm
 Velar: /kho/, t] and /gheyn/ 4] with their manner and place of articulation (Awaaat
 Pharyngeal: /haa/c] and /ain/, ¢] al., 2005)under consideration.
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Mouth Cavity Labeling

2 & 6
:

Bilabial
Labiodental
Dental
Interdental
Alveolar
Post-alveolar
Palatal
Velar
Uvular
Pharyngeal
Glottis
Coronal

Fig. 1: Places of articulation

Table 1: The Standard Arabic phonemes in consiiderat

Manner of Place of
Phoneme Production articulation
< Plosive Bilabial
] Plosive Dental
& Fricative Dental
z Plosive Velar
< Fricative Pharyngeal
z Fricative Velar
3 Plosive Dental
3 Fricative Dental
B) Trill Alveolar
J Fricative Alveolar
o Fricative Alveolar
Ui Fricative Post alveolar
ua Fricative Coronal
ua Plosive Alveolar
L Plosive Interdental
bS] Fricative Palatal
¢ Fricative Pharyngeal
¢ Fricative Velar
- Fricative Labiodental
a Plosive Uvular
4 Plosive Velar
d Lateral Post alveolar
e Nasal Bilabial
8] Nasal Dental
° Fricative Glottal
Input
(Speech signal)
¥
Pre-processing
(Windowing length = 8)
v
Signal Analvsis
(FFT method)
v
‘ Spectrogram ‘
v
‘ Formants value ‘
v
Each formant average
value
¥
| Result |

Fig. 2: The workflow to obtain the average value of

formant frequencies

MATERIALSAND METHODS

The recording of the speech signal is done on a
room at a tuition centre with quiet environmentl &f
the subjects are Malaysian children age of seven to
eleven years old. The children are ten boys arneefif
girls which are randomly selected. Their backgroimd
Arabic phoneme is unknown. The data sound is
collected and analysed in order to determine the
accuracy level of Malaysian children pronunciatimin
Arabic phoneme. Other requirements of the projeet a
as follows:

* Recording Software: Easy Hi-Q Recorder with
sampling rate of 44.1 kHz

e Analysis Software: Goldwave; and Speech Filing
System (SFSWin) version 1.7 2008

¢ Recording type and format: *.wav, 16-bit mono

« Recording device: External Mic

The experiment of data collection and data analysi
is done separately. During the recording sessiba, t
children were asked to pronounce all of the 28 #&rab
phonemes sequentially. The recording is starteeva f
seconds before the children utter the first phonand
continue until all of the phonemes pronounced. The
recording is stopped a few seconds after the last
phoneme is spoken for each individual. The speech
sound collections of 25 children are gathered.

The first step in data analysis is to group every
speech sound recorded according to its phoneme. By
using Goldwave software, the recorded sound foh eac
child is cut into one second length. Therefore,dach
phoneme, a total of 25 samples are collected. Affit;

SFS software is used to analyse the data. The wide-
band spectrograms for each data are produced and th
formant frequenciesH,) are determined. The average
data is calculated since the appropriate data &ohe
phoneme is not single. All of the average measured
formant frequencies are summarized in results and
discussion. The average value is the average of 25
samples of each phoneme averaged using Eq. 3.

1
F=—Y%2F 3
n 23 i=1 ' ( )
F, = the formant frequency where n=1, 2, 3, 4

in which R refer to the lowest formant and

F, = the highest formant measured in the study.
Figure 2 is the flow summary of method in
this study and Fig. 3 is the algorithm to
obtain the spectrogram.
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T~ Short segmented the audio signal. refer to the location of the place of articulatidiront

3. Used FFT method to find the frequency consonants consi_sts of seven phoneme which
spectrum of each segment. articulated at labio-dental, dental, alveolar, post

3- Converted these spectra into grayscale alveolar and coronal (/fa/], /tsa/, ], /zall,[9], /zall,
image (dark colour dismibution shows [2], /sin/, [w], Ishin/,[ &3] & /sod/, [b=]). While back
the high amplitude while light colour consonants consists of six phoneme which articdlate
shows the low amplitude). palatal, velar and glottal (/zoA], /kho/, [¢], /gheyn/,

4- Get the g;reiphical image |fspectfogram] [¢], Inal, i1, fain/, ] & /hal, [2]).
which the frequency content of speech From the result, only seven fricative phonemes
changes with fime is provided. (front fricative consonant) gave the result appiatgrto

Jackson (2001). Other six fricative phonemes (back

Fig. 3: Steps/Algorithm to spectrographic fricative consonant) did not obey the findings. The
results show that.Fand k can distinguish the place of
RESULTSAND DISCUSSION articulation for front fricative consonants as fhemant

increase from bilabial to post-alveolar while &nd K

The pattern for all of the phonemes is observed i |ess reliable to be used in the same position as
the spectrogram. The waveform for each features arg,mmarized in Table 3.

compared within the group of manner of articulation | Fig. 5, the waveform of the plosive consonant
and the formant frequencies are observed. The @era jhaa/, [)) is started with a burst before the waveform
value of each formant is summarized as in Table B, g easily seen on the spectrogram. This is becthese
7, and 9 according to its place of articulation.eTh pjosive consonants are produced by stopping the air
waveform of the fricative sound is shown in FigA&  flow in vocal tract.
the fricative sound is produced by the jet air fiogv The average value of each phoneme is summarized
through a constriction in the vocal tract, thetstgrof  as in Table 4. By neglecting the changes pafd F,
the formant is hissing due to air hitting the fréeeth  the value of Fis increased from 3.9 kHz to 4.4 kHz at
and caused turbulence for all frequency, before thelental phonemes to velar phonemes.
formant can be seen clearly at time 450 ms aseciricl The formants fFand K for uvular phoneme; /kof/,
the spectrogram. [3] are less than velar phoneme /ka#)} &nd /jim/, [].
From the literature review, ;Fand R are not It is shown that only one phoneme (/kofg])[ did not
reliable. It is proven when the frequencies aredased obey the result as concluded in above. This shbas t
and decreased randomly not according to the place dMalaysian children mostly have difficulty in
articulation. As summarized in Table 2, the valfiép  articulating the plosive uvular phoneme correcty a
is increasing from bilabial to post-alveolar phomsm discussed by Abdul-Kadiet al. (2010). Comparison
As the place of articulation move inner to the nmout between previous findings with current is summatize
the value is increased and decreased inconsistentl{) Table 5. i )
While F; shows the increment of the value from dental ~ F19- 6 shows the waveform of /mimk] [and its
phonemes to velar phoneme (/khaf])[but decreased SPectrogram. From the spectrogram, the startingmeg
and increased inconsistently for velar phonemés less dark compared to middle region as for nasal

. . S pronunciation, the vocal tract is divided into Hasa
E]q%ﬁ%n/’ E]grgﬂgllnn;r: 0Fr)1|:rcnee of ggt(;%ljliicl))n wmﬁ:hthe branch and oral branch. Therefore, more antiresmsn

pronounced as the blade of the tongue is raisedipsid are produced as the interference between these two

: 2 5 branches. Antiresonances in the vocal tract will
are rounded and the place of articulation is carsid

. eliminate formants near it which appear to be weak
to be longer than /shin/j]. Therefore, the value of,F wlheln look at the spectrog:an\gv. I PP W

an(_j F; observed for phoneme /sodl<] is greater than From Table 6, the values of Bnd F for /mim/, 3]
Ishin/, L. _ . are decreased from front to end of the phonemelénhi
For fricative phonemes, only /fak=], /tsa/, Fl,  F, andF, decreased from front to middle but increased
Izall, B, /zail, [J], Isin/, [, /shin/, 4] and /sod/, =]  to the end of the phoneme. Meanwhile, for phoneme
give the increasing value of, respectively which /nun/, [g], the value of F increasing from front to
distributed from bilabial to coronal place of anlation.  middle but decreased from middle to end, but theesa
It is found that, the difficult fricative consonartb utter  of F,, F; and F are decreased from front to middle and
are /zol, F], /khol, [#], /gheyn/, ], /hal, k], /ain/, ] increased from middle to end of the phoneme. The
and /ha/, q]. difference between /mim/,s][ and /nun/, §] nasal
The result is divided into two parts based on theconsonants pronunciation is that the lip roundirigemw
place of articulation which are front and back. e the phonemes pronounced.
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Table 2: The average value for formants of friGatbensonants

Place of F1 F2 F3
Articulation Phoneme (kHz)
Labiodental [fal, ] 1.0 2.0 4.0
Dental tsa/, {] 1.0 21 3.8
[zall,[y] 0.4 2.2 3.8
Alveolar [zall, [] 1.0 2.2 4.0
Isin/, [+] 0.5 31 4.0
Post-alveolar /shinLf] 1.6 35 4.3
Coronal /sod/,=] 1.8 3.6 4.7
Palatal /zol, ¥ 1.2 3.0 4.4
Velar /khol, k] 0.8 23 4.4
/gheyn/, §] 0.6 2.0 3.7
Pharyngeal /halz] 0.6 1.2 3.9
fain/, g] 1.0 2.8 4.4
Glottis /hal, ] 1.0 1.9 35

Fig. 6: Spectrogram of nasal /miny] [

A~

——

Fig. 7: Spectrogram of lateral /lam{]

Fig. 8: Spectrogram of trill /ro/,J]

Lateral /lam/, §] is produced when the air escape from
both sides of the tongue while at that time, tpeofithe
tongue is placed on the alveolar edge (post-alveola
The effect of the blocked oral tract in the cerdred
effect of side branches can be seen through the
spectrogram in Fig. 7.

From the spectrogram, the average value for,/I/ F
is 0.4 kHz, K is 2.3 kHz, Fis 3.8 kHz and Fis 4.9
kHz as summarized in Table 7. From front to middle
(in order to produced /la/ sound), B increased from
0.4 kHz to 1.1 kHz, while £ F; and K decreased to
1.9 kHz, 3.5 kHz and 4.6 kHz respectively. To
complete the /lam/,J] pronunciation, the formants
changed from middle to end is reversed as fromtfron
to middle.

Both nasal and lateral formant i§ not in the range
as result discussed by Igbal (2008) as shown ireTab
8. This might be the effect of the vocal tract légng
since the study used children age 7 to 1l-year-old,
while Igbal used expertise in Quranic recitatioe 46
to 30 years old.

Trill consonant is produced by vibrating the
tongue against alveolar. From the waveform and
spectrogram in Fig. 8, it can be observed that the
formants are decreasing except atFis is due to the
way to pronounce the phoneme which less vibration
(friction) can be heard as the tip of the tongudezl
back towards the mouth. From the spectrogragmsF
observed to rise drastically.

The average value for F~, F;, and R is 0.6, 1.6,

3.8, and 5.3 kHz respectively as summarized in § abl
9.

Consonant /ro/, J is observed through the
spectrogram only. It is shown that the formant
transition forF, is drastically increased compared to
other formants in the same spectrogram as found by
Ladefoged (2003) (refer Table 10).
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Table 3: Comparison findings between current sty previous research

Position Study F1 F2 F3 F4
Front Jackson, 2001 Not stated Distinguish theeplac Distinguish the place Less reliable
of articulation of articulation
This Study Randomly increased Increasing from crdasing from Randomly increased
and decreased bilabial to post- bilabial tetpo and decreased
alveolar and coronal alveolar and coronal
Back Jackson, 2001 Not stated Distinguish the place  Distinguish the place Less reliable
of articulation of articulation
This Study Randomly increased Randomly increased Randomly increased Randomly increased
and decreased and decreased and decreased cesabdd

Table 4: The formants average value of plosive apasts

Place of Articulation Phoneme F1 (kHz) F2 F3 F4
Bilabial /bal, [ 0.5 3.0 4.0 5.0
Dental tal, § 0.8 21 3.9 5.2
/dall, B] 0.6 24 3.9 4.7
Interdental ftho/ 3] 0.6 2.0 3.9 5.0
Alveolar /dod/,[=] 0.5 2 4.0 4.9
Velar /kafl, ] 1.3 2.4 4.0 5.1
fjim/, [z] 1.0 3.3 4.4 5.2
Uvular Ikof/, [3] 0.9 15 4.1 5.0

Table 5: Comparison findings between current sty previous research

Study F1 F2 F3 F4

Ali etal., 2001  -Formant is significant when transitions iired are sharp and clear
-Bilabial is weaker than alveolar and velar

Jackson, 2001 Not stated Distinguish the place of istimyuish the place of Less reliable
articulation articulation
This Study Randomly Increasing Increasing Randomly
increased and from bilabial from bilabial increas
decreased to velar to velar and decreased

Table 6: The average value for formants of nasasapants

Vocal tract position

Front (kHz) MiddlgkHz) End (kHz)
Place of Phoneme
Articulation F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
Bilabial /mim/,p] 0.5 31 4 5.0 0.5 2.8 3.8 4.6 0.4 2 35 4.8
Dental Inun/, §] 0.5 17 4 5.2 0.5 1.6 3.6 4.8 0.4 25 3.9 4.9

Table 7: The average value for formants of latecalsonants

Vocal tract position Front Middle End

Place of F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4
Articulation Phoneme (kHz) (kHz) (kHz)
Post-alveolar  /lam/J[ 0.4 2.3 3.8 4.9 1.1 19 35 46 0.4 19 37 5

Table 8: Comparison findings between current sauly previous research

Position Study F1 F2 F3 F4

Nasal Igbal, 2008 Between 0.3- 0.5 kHz 1.25 - ki85 Not stated Not stated
This Study 0.5 kHz 3.14D) and 1.7(0)) kHz  4kHz 5 kHz

Lateral Igbal, 2008 Between 0.3- 0.5 kHz 1.25 5kHAz Not stated Not stated
This Study 0.4 kHz 2.3 kHz 3.8 kHz 4.9 kHz
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Table 9: The average value for formants of tritheonants of the Fourth Asia International Conference on
Z'?Celo‘;_ Phoneme (kEl) F2 F3 F4 Mathematical/Analytical Modeling and Computer
rticulation zZ . . .

Alveolar ol [l 0.6 16 38 53 Simulation (AMS), Sabah, Malaysia, June 26-28,

pp: 282-285. DOI: 10.1109/AMS.2010.63
Table 10: Comparison findings between current stadgl previous ~ Ali, A.M.A., J. Van der Spiegel and P. Mueller 2001

research Acoustic-phonetic features for the automatic
Study F1 F2 F3 F4 classification of stop consonants. IEEE Trans.
Ladefoged, Not Not Not Raising Speech Audio Process, 9: 833-841. DOI:
2004 stated stated stated 10.1109/89.966086

This Study  Not Not Not Drastic  Connolly, J.H. and E.A. Edmonds, 1986. Automatic
stated ~ stated  stated changes speech recognition based on spectrogram reading.

(raising) Int. J. Man-Machine Stud., 24: 611-621. DOI:

10.1016/S0020-7373(86)80012-8
CONCLUSION Fant, G., 1960. Acoustic theory of speech productio

with calculations based on X-ray Studies of Russian

Articulations. Netherlands: Mouton and Co, The

Hague. Chapter 2 and 3. ISBN: 9027916004.
Hassan, A., 1984. Linguistik am Untuk Guru Bahasa

In conclusion, the results are compared with
previous research findings according to their marmfie
articulation. There are five types for all 25 comaots
under consideration of this study. Most of manner o ; : :
articulations show that,Fand F are reliable to know Malaysia. 5th Edn., Fajar Bakti, Selangor,

the exact place of articulation. The first and HofE, Malaysia. ISBN: 019581990X. _
and F) formants cannot be relied on. From the Hatazaki, K., K. Yasuhiro and K. Takeshi, 1989.

experiment, only seven out of 25 consonants didyrbt Phoneme segmentation using spectrogram reading
the appropriate value. Those consonants are /kéf/, knowledge. Acoustics, Speech, and Signal
Izol, ], /khol, ], /gheyn/, §], /hal, k], /ain/, ] & Process., ICASSP-89. May 23-26, Glasgow,
/ha/, f] which consider as the difficult consonants to  Scotland, UK,  pp:  393-396. DO
utter with correct sound production. 10.1109/ICASSP.1989.266448
Hunt, M.J., 1987. Delayed decisions in speech
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