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ABSTRAK 

Penelitian ini bertujuan untuk mengetahui pengaruh gangguan tenggorokan 
terhadap perubahan karakteristik suara yang diucapkan. Karakteristik suara pada 
penelitian dibatasi pada aspek pitch, formant, dan pola spektrum. Spektrum suara 
yang diamati dibatasi pada suara vokal /a/, /i/, /u/, /e/, dan /o/. Terdapat tujuh 
orang responden laki-laki yang berusia antara 35 sampai 50 tahun. Rekaman 
dilakukan saat kondisi sehat dan saat kondisi terjadi gangguan di tenggorokan. 
Dari hasil analisis diperoleh bahwa secara umum 71,4% perubahan pitch terjadi 
ke arah frekuensi yang lebih rendah, sedangkan 25,7% ke arah frekuensi yang 
lebih tinggi, dan sisanya tidak mengalami perubahan pitch. Berdasarkan analisis 
formant diketahui bahwa perubahan susunan formant paling nampak pada bunyi 
huruf /a/ sedangkan pola paling tidak berubah ditemukan pada bunyi huruf /i/. 
Selanjutnya dengan menggunakan cross-korelasi diperoleh bahwa perubahan 
terbesar pola spektrum frekuensi terjadi pada ucapan huruf /a/. 

Kata kunci: formant, pitch, spektrum, suara, vokal  

ABSTRACT 

The aim of this research is to determine the effect of sore throat on changes of 
speech characteristics. The sound characteristics in this research are limited to 
pitch, formant, and spectrum pattern. The observed sounds is limited to the vowel 
sounds /a/, /i/, /u/, /e/, and /o/. There are seven male respondents of 35 to 50 
years old. A sound characteristic change is obtained by comparing the pitch, 
formant and spectrum pattern in the healthy condition and the sore throat 
conditions. The change is grouped in two categories i.e. shifting into the lower 
frequency and shifting to the upper frequency. From the analysis obtained that, in 
general, 71.4% of pitches are shifted to lower frequencies, while 25.7% shifted to 
higher frequencies, and the rest does not change. From the formant analysis, the 
largest change of formant pattern occurs in the sound of vowel /a/ while the 
smallest change is in vowel /i/. Furthermore, using cross correlation, the change 
of the pattern is derived. The cross-correlation result shows that vowels /a/ is the 
most suffering pattern due to the sore throat. 

Keywords: formant, pitch, spectrum, sound, vowel  
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1. INTRODUCTION 

Sound is a form of effect of an energy propagation in the air. Voice analysis is widely used in 
various fields, one of which is in the field of health. One of the uses of sound analysis in the 
health service was developed by Puspita (Puspasari, 2015) for the characteristics of the 
coronary heart sound frequency. The results of this study show that the average of coronary 
heart rate frequency is more than 200Hz. 

Unlike the heartbeat, the voice of conversation in humans comes from the vibration of the 
vowel cords caused by the air flow through it. Furthermore, the sound produced by the 
vibration of the vowel cords propagates outside the mouth through the oral cavity. Because 
each person has different structure of the oral cavity, the sound produced by each person will 
seem different even though it is attempted to be at the same tone frequency (Rabiner & 
Schafer, 2010) and (Rahim & Malik, 2015). 

Theoretically, the sound frequency heard by humans is between 20-20,000 Hz, but the sound 
that can be produced by humans from the vowel cords is only between 85 to 1.1 kHz (Li, et 
al, 2017). Commonly, normal human conversations do not exceed 2 kHz. 

Pitches and formants are some parameters used to recognize the characteristics of a human 
voice. According to (de Cheveigné, 2005), pitch is the main frequency of a sound. Pitch has 
the highest amplitude compared to the other constituent frequencies while formant is a 
combination of several frequencies that contribute in shaping the color of a sound. The 
extraction process to obtain pitch and formant can refer to (Schnupp, 2014) (Aadit, et al, 
2017) and (Wang, et al, 2017). 

Many researches in the field of acoustics use pitch and formant for various purposes, including 
for gender classification (Rahim & Malik, 2015), identification of conversation characteristics 
of a nation (Aadit, et al, 2017) (Suyudi & Saptono, 2017), up to one's emotional 
predictions (Mohanta & Mittal, 2016). For the health sector, sound analysis is mostly used 
to predict the lung disorders such as respiratory syndrome (Gutierrez, et al, 2010), asthma 
(Batra, et al, 2015), and pneumonia (Maulidin, 2018). However, there has not found 
special studies yet for sound analysis for health problems in the upper throat or larynx. 

Throat as one of the parts involved in sound generation is not always in a healthy condition. 
Throat disorders are usually in the form of inflammation that results in coughing or hoarseness. 
These disorders have effect on changes in the characteristics of the sound produced. There 
are several studies that have been carried out by other researchers relating to the throat 
disorders, including research (Prasetya, et al, 2015) that uses digital image processing for 
the detection of tonsillitis. In this study, the decision of abnormalities was carried out based 
on the color and extent of the tonsils with the accuracy up to 90.6% 

Other research related to respiratory disorders is carried out by (Shrivastava, et al, 2018) 
who use pitch and formant parameters to distinguish healthy people from those who 
experience respiratory problems. The result shows that the average value of the F1 formant 
frequency for people who experience respiratory problems is higher than normal people while 
the formant F2, F3 and pitch have a lower value than normal people. 

There are several aspects that need to be clarified or discussed further related to 
(Shrivastava, et al, 2018). First, the number of respondents and the condition of the 
disease are not clear. Second, the method of comparing healthy and unhealthy sounds from 
two different people is inappropriate because everyone has a different sound color. Third, 
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there are 20 words spoken by respondents, but it was not clearly stated in the text. Fourth, 
how far the change in pitch and formant values is also not explicitly stated. This research was 
conducted to obtain a more in-depth study of changes in pitch, formant and spectrum patterns 
between healthy people and people who have health problems, especially larynx disorders. 
The analysis is conducted on vowels which are considered as the dominant sounds in the 
conversation in Bahasa, i.e. /a/, /i/, /u/, /e/, and /o/. 

2. MATERIAL AND METHODS 

The steps taken in this study include data collection, computational data and analysis of results 
as shown in Figure 1. There were seven respondents involved in the data collection process. 
The seven respondents were male ranging from 35 to 50 years old. Voice data taken at first 
is vowel sound data when the respondents are not in a healthy condition. After the respondent 
is healthy, another data is taken for the healthy condition. In collecting the data, each 
respondent was asked to repeat the pronunciation of vowels for 10 times. 

 
 

Figure 1. Research Flow Diagram 
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Since this research focus on sore throat effect, sound characteristic comparison is required. 
The comparison is made in term of pitch, formant and pattern. To get those kind of 
information, frequency domain analysis is indispensable. Therefore, fast Fourier transform 
(FFT) by Matlab software is involved to carried out the computation process. Generally, the 
computational process consists of data extraction, pitch and formant detections, and frequency 
domain transformation. The result of this process is data pitch, formant and sound spectrum 
patterns for both healthy and sore throat conditions. Then an analysis of pitch and formant 
changes is carried out. Whereas to find out changes in spectrum patterns, cross-correlation 
calculations were performed between healthy spectrum patterns and sore throat for each 
vowel of each respondent. The value of cross-correlation indicates the similarity of the two 
signals. 

3. RESULT AND DISCUSSION  

3.1 Data Collection 
Data collection from respondents is carried out twice separately in 2017. The first stage is 
recording for sound with sore throat. Raw data is a signal in the time domain. Figure 2 shows 
the signal snippet for the vowel /a/ of respondent 1 when there is a sore throat. The recording 
process is also carried out for other vowels with 10 repetitions for each. 

 
Figure 2. Vowel Pronounciation of Respondent 1 when Having Sore Throat 

After the doctor claimed that respondent 1 was healthy, the voice recording process was 
carried out again for all vowels. Figure 3 shows the sound pieces of vowel / a / from the 
respondent 1 when the condition is healthy. The same process is applied to all other 
respondents. Signal data from all respondents are stored for later analysis in the next stage. 

 
Figure 3. Vowels Pronounciation of Respondent /a/ 1 in Healthy Condition 
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3.2 Characteristic Extraction 
In this step, we want to get information including pitch, formant, and changes in spectrum 
patterns. Pitch periods can be obtained in the time zone by observing the signal patterns as 
shown in Figure 4. Furthermore, pitch periods can be obtained by using auto-correlation 
method as given in Equation (1) (Piet M.T. Broersen, 2006). 

𝐴(𝑛) = ෌ ൫𝑥(𝑘) ∙ 𝑥(𝑛 − 𝑘)൯
ேି1

௞ୀ0
  (1) 

Where A(n) is the result of auto-correlation of n-th sample, and x(k) is the signal at k. 

 
(a) Sore Throat Condition 

 
(b) Healthy Condition 

Figure 4. Measuring Pitch Periods in Time Domain 

The auto-correlation result of the signal in Figure 2 is shown in Figure 5. Both methods show 
adjacent results. Furthermore, the pitch frequency extraction results for all the collected signals 
are presented in Table 1. 
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Figure 5. Measuring Pitch Periods Using Auto-Correlation 

 

Table 1.  Pitch Frequency in Hz 

R vowel /a/ vowel /i/ vowel /u/ vowel /e/ vowel /o/ 
H S H S H S H S H S 

1 118 127 159 156 187 170 141 137 139 154 
2 127 157 149 194 155 200 95 170 155 193 
3 122 113 160 140 176 322 142 120 160 144 
4 130 127 144 132 143 138 133 133 143 127 
5 284 126 152 144 194 143 146 142 177 141 
6 137 117 159 137 170 35 150 136 156 148 
7 146 109 106 120 259 137 190 115 225 118 

Note: R = respondent, H = healthy, S= sore throat 
 
The next step is formant extraction. It is carried out in the frequency domain. The 
transformation process to the region is conducted by fast Fourier transform (FFT) according 
to the Equation (2) (Rabiner & Schafer, 2010). 

   𝑋(𝑘) = ෌ 𝑥(𝑛)
ேି1

௡ୀ0
𝑊ே

௞ே                         (2) 

Where,  
X(k): signal in frequency domain 
x(n): signal in time domain  
N: numbers of points in FFT process 
𝑊ே

௞ேis twiddle factor that equal to 𝑒ି௝ଶగ௡ /ே 
k is index 0, 1, 2, … N-1 
 

Figure 6 shows the FFT result for vowel /a/ of respondent 1. Since the sound spectrum is 
below 2kHz, spectrum display is limited to frequency 2kHz. There are several peaks can be 
recognized as the formant of the signal. We only focus on four highest peaks called formant-
1 (F1) until formant-4 (F4) arranged from the lowest frequency to the highest one. 
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(a) Sore Throat Condition 

 
(b) Healthy Condition 

Figure 6. Voice Spectrum of Vowel /a/ from Respondent 1 

When the peak value is lower than 1 (2ඥ2)⁄ , it will not be considered as the formant anymore. 
It is illustrated in Figure 7 for vowel /i/ of respondent 6. In further, all formant data are 
summarized in Table 2 where FXY is the formant X from respondent Y. 

 
Figure 7. Peak Below Threshold Value is Ignored 
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Table 2.  Formant Frequency in Hz 

F vowel /a/ vowel /i/ vowel /u/ vowel /e/ vowel /o/ 
H S H S H S H S H S 

F11 126 132 165 160 198 176 143 143 143 160 
F21 242 264 325 325 386 341 292 281 281 330 
F31 595 518 - - - - 430 419 419 457 
F41 722 904 - - - - 567 556 562 - 
F12 132 165 148 204 160 209 99 176 160 198 
F22 766 314 297 386 314 386 408 347 330 386 
F32 - 485 - - 468 623 - 518 479 567 
F42 - 634 - - - - - - 612 - 
F13 126 226 165 148 181 308 148 126 165 148 
F23 248 694 330 281 363 474 290 242 325 292 
F33 744 799 - - 529 623 435 369 485 435 
F43 993 893 - - 705 - 567 485 584 871 
F14 137 137 154 137 148 143 137 137 148 137 
F24 270 259 297 275 292 286 270 264 297 259 
F34 667 523 441 402 424 430 413 413 430 386 
F44 793 733 - - - - 534 523 584 512 
F15 270 132 160 148 204 160 154 148 181 148 
F25 744 760 314 292 385 325 292 281 358 292 
F35 893 893 - - 573 485 435 418 540 435 
F45 1406 1273 - - - 782 578 556 738 556 
F16 143 121 165 143 176 148 154 137 160 143 
F26 281 237 330 281 347 286 314 270 314 281 
F36 689 474 - - - 413 457 402 463 424 
F46 1334 711 - - - - - 523 623 512 
F17 137 110 115 126 270 143 198 121 231 121 
F27 270 215 226 248 534 286 380 237 463 242 
F37 667 303 446 369 788 430 573 352 678 358 
F47 799 628 - 490 - 700 - 463 915 479 

Note: F = formant frequency, H = healthy, S= sore throat 
 

Sound characteristics are then obtained from the spectrum pattern in the frequency domain. 
In two sounds even though they have the same pitch and formant, but when the peak values 
of each are different, they will give a different sound color. To figure out how big the sound 
spectrum when the respondents are healthy or having sore throat, it can be conducted by 
doing cross-correlation as given in Equation (3) (Piet M.T. Broersen, 2006). 
 

𝐶(𝑛) = ෌ ൫𝑦(𝑘) ∙ 𝑧(𝑛 − 𝑘)൯
ேି1

௞ୀ0
                    (3) 

where y (k) is the spectrum pattern when there is a sore throat and z(k) is the spectrum 
pattern when the respondent is healthy. The smaller correlation value means smaller similarity 
pattern between them and vice versa. Employing Equation (3) to all pattern, we get the cross-
correlation values as shown in Table 3. 
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Table 3.  The Result of Cross-Correlation in Healthy and Sore Throat Conditions 

Respondent /a/ /i/ /u/ /e/ /o/ 
1 6.06 33.28 32.03 12.69 17.76 
2 9.8 22.81 24.05 13.49 16.07 
3 6.73 29 21.89 12.71 15.99 
4 9.92 28.49 28.27 18.31 18.99 
5 5.82 12.15 17.99 10.88 15.13 
6 5.88 11.34 14.52 7.6 9.57 
7 14.76 17.56 23.77 17.2 34.08 

 

3.3. Discussion 
This section discusses the results of characteristic extraction that have been carried out in the 
previous section. The discussion focused on changing the value of pitch, formant and spectrum 
patterns. 

(1) Change in Pitch: Based on the pitch frequency presented in Table 1, it is known that there 
is a change in the pitch value in almost all sounds, except for the vowel /e/ respondent 4. The 
next percentage change in pitch is presented in Table 4. 

Table 4.  Pitch Frequency Change 

R /a/ /i/ /u/ /e/ /o/ 
C % C % C % C % C % 

1 + 8 - -2 - -9 - -3 + 11 
2 + 24 + 30 + 29 + 79 + 25 
3 - -7 - -13 + 83 - -15 - -10 
4 - -2 - -8 - -3 x 0 - -11 
5 - -56 - -5 - -26 - -3 - -20 
6 - -15 - -14 - -79 - -9 - -5 
7 - -25 + 13 - -47 - -39 - -48 

Note: R = respondent, C = changes (+: up; -: down; x: stagnant) 
 

From Table 4 it is known that 71.4% of the pitches change to a lower frequency when a throat 
disorder occurs. There is an overall change in pitch frequency of 5% towards a lower 
frequency. 

From the respondent's point of view, six of seven respondents have a tendency in frequency 
shifting to a lower frequency. However, the only respondent that has a change into a higher 
frequency is respondent 2. 

From the data and analysis above, it can be concluded that sore throat tends to result in a 
change of pitch to a lower frequency. This result is consistent with research in (Shrivastava, 
et al, 2018) where the pitch in people suffering from sore throat is lower than pitch in normal 
people. However, an exact pattern cannot be obtained from the given data.  The frequency 
change is very wide which ranges from 0% to 83% with an average frequency change is 6%. 

(2) Formant Change: To determine the change in formant position, the formant frequency is 
compared with the pitch frequency, therefore we get Table 5. Note that the values given in 
Table 5 are rounded. The value of ‘1' means that the formant frequency is the same as the 
pitch frequency, while ‘2’ means that the formant frequency is about twice of the pitch 
frequency. 
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Based on Table 5, we can identify that there are 17 of 35 voice that the formants have a same 
frequency in healthy and sore throat conditions. It means around 48.57% formants are not 
affected by sore throat while the rest, around 51.43%, are shifted. 

 
Table 5.  The Comparison of Formant and Pitch (Approach) 

F /a/ /i/ /u/ /e/ /o/ 
H S H S H S H S H S 

F11 1 1 1 1 1 1 1 1 1 1 
F21 2 2 2 2 2 2 2 2 2 2 
F31 5 4 - - - - 3 3 3 3 
F41 6 7 - - - - 4 4 4 - 
F12 1 1 1 1 1 1 1 1 1 1 
F22 6 2 2 2 2 2 4 2 2 2 
F32 - 3 - - 3 3 - 3 3 3 
F42 - 4 - - - - - - 4 - 
F13 1 2 1 1 1 1 1 1 1 1 
F23 2 6 2 2 2 1 2 2 2 2 
F33 6 7 - - 3 2 3 3 3 3 
F43 8 8 - - 4 - 4 4 4 6 
F14 1 1 1 1 1 1 1 1 1 1 
F24 2 2 2 2 2 2 2 2 2 2 
F34 5 4 3 3 3 3 3 3 3 3 
F44 6 6 - - - - 4 4 4 4 
F15 1 1 1 1 1 1 1 1 1 1 
F25 3 6 2 2 2 2 2 2 2 2 
F35 3 7 - - 3 3 3 3 3 3 
F45 5 10 - - - 5 4 4 4 4 
F16 1 1 1 1 1 4 1 1 1 1 
F26 2 2 2 2 2 8 2 2 2 2 
F36 5 4 - - - 12 3 3 3 3 
F46 10 6 - - - - - 4 4 3 
F17 1 1 1 1 1 1 1 1 1 1 
F27 2 2 2 2 2 2 2 2 2 2 
F37 5 3 4 3 3 3 3 3 3 3 
F47 5 6 - 4 - 5 - 4 4 4 

 

Formant position changes can be in the forms of the formant additions, formant reductions 
and formant shifts. An examples of formant additions occur in the vowel /a/ of respondent 2 
and the vowel /u/ of respondent 5. Examples of formant reduction occur at the sound of the 
vowel /o/ of respondent 2 and the sound of the vowel /u/ of respondent 3 while the example 
of the formant shift occurs in the vowel /a/ of respondent 1 and vowel /a/ of respondent 3. 

As shown in Table 6, there are 8 sounds (22.86%) which have formant addition, 3 sounds 
(8.57%) with a reduction in formant components, 7 sounds (20%) which have formant shifts 
and 17 sounds (48,57%) do not have any change. It can be concluded that sore throat effects 
the formant changes by 51.43%. 
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Table 6.  The Changes of Formant Patterns  

Respondent /a/ /i/ /u/ /e/ /o/ 
1 S N N N D 
2 I N N I D 
3 S N D N S 
4 S N N N N 
5 S N I N N 
6 S N I I N 
7 S I I I N 

Note: N: no change; S: formant shift; D: formant decrease; I: formant increase 
 

Based on Table 6, the most affected vowel due to sore throat is vowel /a/ where all 
respondents showed the same tendency. However, vowel /i/ is the most invulnerable vowel in 
the sore throat condition.  

From the respondent point of view, there is no respondent who have no change in its vowel 
sound. Unfortunately, the change pattern cannot be exactly determined. 

The results have been discussed above are not in line with the result given in (Shrivastava, 
et al, 2018) that people who have sore throat inflict to higher F1, and lower F2 and F3. 
However, we cannot claim which result is more valid because there are many variables should 
be considered such as gender, age, and ethnic. 

(3) Changes in Spectrum Patterns: The differences in spectrum patterns is indicated from the 
results of cross-correlation calculations using Equation (3) that given in Table 3. The greater 
value implies that the greater the similarity of the two patterns. From Table 3, the lowest 
similarity is found in the vowel /a/ spectrum pattern, while the highest similarity is obtained in 
the vowel /u/ and /i/ spectrum patterns. It means sore throat brings a big change in the vowel 
/a/ spectrum pattern, while the vowels /u/ and /i/ not so. This statement is consistent with 
the formant analysis that has been previously discussed. 

From the discussion above, it can be emphasized that sore throat around the pharynx will have 
a lot of effect on the human speech of the vowels /a/. It makes sense since the origin of the 
vowel /a/ is from the larynx where the disorder is located. However, the vowel /i/ and /u/ 
come from the upper-front palate which is less affected by pharyngeal disorders. 

Furthermore, a sore throat detection system can be made by utilizing the results of this study. 
The sore throat can be detected by recognizing the irregularities of the characteristics of the 
vowel /a/. To get more information of these aspects and their detection techniques, a more 
in-depth study is needed as the further work of this research 

4. CONCLUSION 

From the results of the research, it is found that the sore throat around the pharynx will affect 
the pitch frequency, formant and the spectrum patterns. Testing on seven respondents for the 
vowel sounds /a/, /i/, /u/, /e/, and /o/ obtained results that sore throat influence the pitch by 
71.4% with a tendency towards lower frequencies. Unfortunately, the shift in pitch cannot be 
exactly determined yet. Observation result in the formant pattern, we get that vowel /a/ is the 
most affected by sore throat while the less affacted is vowel /i/. Furthermore, based on the 
calculation of cross correlation obtained that the biggest change in frequency spectrum pattern 
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occurs in the vowel /a/, while the smallest change are the vowels /u/ and /i/. By obtaining the 
vowel /a/ as the most character change when there is a sore throat, it is very possible to detect 
sore throat based on the characteristics of the vowel /a/. However, further studies are needed 
to obtain the most appropriate detection technique. 
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