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ABSTRACT 

Nasality is a distinctive feature of Bangla vowels. In this paper, 
we describe our study on nasality perception of Bangla vowels 
by Bangla and Japanese listeners. We discuss an interesting 
result that Japanese listeners perceive most Bangla nasal /˜i/ as 
Japanese non-nasal /u/. As the amount of nasalization of /˜i/ 
was increased synthetically, perception of this vowel change 
was found to be more categorical for Japanese listeners than 
that of Bangla listeners’ vowel perception.   
Index Terms: nasality perception, vowels, language 
background, Bangla, Japanese 

1. INTRODUCTION 

Bangla is a language of more than 120 million people of 
Bangladesh. Nasality is a distinctive feature of Bangla vowels. 
All seven vowels of Bangla have nasal counterpart [1]. 
Nasality of vowels changes the meaning of words in Bangla. 
Therefore, Bangla is useful for the study of the nasality feature 
of vowels. 

Nasality introduces poles and zeros in the spectrum of 
nasal vowel [2]. Nasal zero is one of the principal spectral 
characteristic of nasal vowels. Cepstral method [3] and log 
magnitude approximation (LMA) filter [4] effectively 
approximates spectral peaks formed by poles and spectral dips 
formed by zeros of the vocal tract transfer function.  Therefore, 
we use cepstral method and LMA filter for the analysis by 
synthesis of Bangla vowels to analyze and to synthesize, 
respectively.  

As a study on nasality perception, we used natural and 
synthetic vowel data. Using natural and synthetic stimuli of 
Bangla vowels with varying nasality, we performed language 
dependent listening test with Japanese and Bangla listeners. 
From our study, we observed that Japanese listeners’ perceive 
natural Bangla /˜i/ as /u/ by confusing nasal pole of /˜i/ with 
F2 of /u/. As nasality of /˜i/ is increased synthetically, 
perception of this vowel change was found to be more 
categorical for Japanese listeners than that of Bangla listeners’ 
vowel perception.  

2. SPEECH ANALYSIS-SYNTHESIS 
METHOD

The experimental part consists of recording each of the 
isolated 14 Bangla vowels uttered three times at a normal 
speaking rate by four native Bangla male speakers. The 
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cording was done in a sound proof room on a DAT tape at a 
mpling rate of 48 kHz and 16 bit resolution. These digitized 
eech sounds are then down-sampled to 10 kHz for the 
rpose of analysis. For each speaker, the best one of these 
ree sounds is chosen for our work. 

The short-term cepstral analysis method is used to extract 
e speech parameters. The speech wave is segmented to 
.6ms frame length. A time-domain Blackman window is 
ed. Frame shifting time is 10ms. We use cepstrum for 
ectral parameters, which is the inverse Fourier transform of 
e short time logarithmic amplitude spectrum of the speech 
aveform [2]. The resulting parameters of the speech unit 
clude the number of frames and, for each frame, 
iced/unvoiced decision, pitch period and cepstral 
efficients. The first cepstral coefficient is the power content 
 the frame. 

 The speech synthesis section shown in Fig. 1 is designed 
 the source-system model [3]. The vocal tract features can 
 suitably represented for all speech sounds by the pole-zero 

MA filter proposed by Imai.  An LMA filter is a part of a 
momorphic vocoder. In our speech synthesizer, an LMA 

lter is made from a cascade of 30 elemental second order 
lters. An LMA filter representing the vocal tract is driven by 
 adequate excitation source. In case of producing voiced 
eech, the excitation source is a series of unit impulses 
parated by fundamental period intervals. In case of 
oducing unvoiced speech, the excitation source is noise 
ving unit amplitude and random polarity. 

Fig. 1:  Speech synthesis sub-system. 
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3. POLE-ZERO (PZ) MODEL 

       Studies involving direct manipulation of spectrum indicate that 
greatest number of nasal judgments tended to occur when a 
pole-zero pair is introduced in the vicinity of the first formant 
region of an oral vowel spectrum [6].  In another study, the 
frequencies and spacing of the inserted pole and zero in an all 
pole transfer function, around the vicinity of the first formant 
was varied to change the degree of nasalization [7].  
       In our study, we introduce nasalization by inserting a pole-
zero pair in a pole-zero transfer function, at various frequencies 
in the vicinity of the first formant. Then we find a suitable 
value of frequency, spacing and amplitude of the pole-zero pair 
at which the oral vowel is judged to be nasal. Using this 
suitable value of frequency and spacing, amplitude of the pole-
zero pair is varied systematically in steps to change the degree 
of nasalization.  
      From nasal vowel spectra, we observed that the nasal pole 
(P) and zero (Z) pair have a pattern like sine curve i.e. a 
combination of a peak pattern and a dip pattern. Therefore, in 
our previous study, we model nasal pole-zero pair by a sine 
curve in pole zero (PZ) model. Result obtained by listening 
tests for this model gave a correct score of nasal vowel 
recognition of 93% [8]. Pole-zero and zero-pole (ZP) 
rule of PZ model are shown in Fig. 2. Parameters of PZ 
model are amplitude and position of nasal pole or zero from  
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Fig. 2: PZ and ZP rule for vowel nasality generation by PZ 
model.
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Fig. 3:  For speaker 1, spectra of /i/, /˜i/, transformed /˜i/ by PZ 
model, and /u/. 
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e origin of the spectrum. Amplitude of PZ or ZP = amplitude 
 sine curve = A1[dB] or A2[dB]. Position of pole of PZ or ZP 
P1[kHz] or P2[kHz].  

For introducing nasalization using PZ model, an analyzed 
ame is chosen from the stable portion of the oral vowel 
ectrum. PZ model is applied to each frame with varying A1
A2 to produce synthetic nasal vowel with varying nasality. 

n example of transformed spectrum /˜i/ by PZ model is 
own in Fig. 3. 

4. LANGUAGE DEPENDENT 
PERCEPTION OF /˜i/ 

panese has no oral-nasal phonemic contrast in vowel. There 
e few exceptions, in Kanto or North Kanto dialect, vowels 
eceded by /g/ consonant in continuous speech are 
casionally nasalized, but it is not phonemic, whereas Bangla 
s oral-nasal phonemic contrast for all its seven vowels. 

herefore, in sub-section 4.1, Japanese listeners are tested 
ing natural stimuli of all Bangla oral-nasal vowels to observe 
w they perceive nasal vowels in their own language 
ckground. In sub-section 4.2, we further confirm the result 
tained in sub-section 4.1 by listening tests of synthetic 

imuli with varying nasality.  
LMA filter can directly take into account the effect of 

ectral poles and zeros. We used a PZ model which has the 
ak pattern as well as the dip pattern to represent nasal pole 
d zero. Therefore, use of LMA filter with the PZ model can 
oduce nasal vowel, with the full effect of spectral peak and 
p pattern.        

                     

1. Perceptual test with natural stimuli  

1.1. Speech materials  

 this study, we use speech stimuli as described in Section 2. 
r each vowel and four speakers, there are four data. Total 
mber of data presented to each listeners for 14 vowels are 
(= 14*4). The lengths of the stimuli are around one second 
 recorded. 

1.2. Listening test method  

he listening test is done in a sound proof room using 
adphones. Five native speakers of Bangla and ten native 
eakers of Japanese, with normal hearing ability participated 
 the listening test. At first, they are familiarized with the 
tening test system and are allowed to hear a few examples of 
ta. Then the test is initiated. Each 56 data of the constructed 
eech corpus is played once randomly in three seconds 
terval. Japanese listeners are asked to select them among the 
Japanese vowels. Our purpose was to check how the 

panese listeners perceive Bangla vowels in their own 
nguage background. So, for the Japanese listeners, there was 
 training for Bangla vowel perception and no option for 
lection of Bangla vowels. Bangla listeners are asked to select 
em as one of 14 Bangla vowels.  



Table 1:  Listening test result of Bangla vowels by ten 
Japanese listeners. 

4.1.3 Result and Discussions 

For Bangla listeners, the result of oral-nasal vowel detection 
gives 100% correct recognition score because Bangla listeners 
are familiar with vowel nasality. From the listening test result 
of Table 1, we observe that Japanese listeners perceive most of 
the nasal vowel as their corresponding oral vowel counterpart. 
As there is no /æ/ and / / vowel in Japanese, so they perceive 
them as /e/ and /o/ respectively, which are nearest vowel 
quality for them. 

But interesting case arises among the two language 
groups in case of perceiving /˜i/ as indicated by circle in Table 
1. All Bangla listeners perceive /˜i/ as / i/, whereas Japanese 
listeners perceive most (more than 50%) of the natural /˜i/ as 
/u/. As we observe this perceptual difference between the two 
language groups, so we analyze the spectra of /˜i/ and /u/ 
shown in Fig.3.  We observe that:  First and second speakers’  
/˜i/ are perceived as /u/ by the Japanese listeners. Third 
speakers’ /˜i/ data are perceived as /i/ and also as /u/. Fourth 
speakers’ /˜i/ data are perceived all as /i/.   
        For speaker 1, 2 and 3, the second formant of /u/ is near 
about the same frequency region (around 1 kHz) of / i/’s 
prominent nasal formant. As Japanese has no nasal vowel, so it 
is easily predictable that, Japanese listeners may confuse / i/’s 
nasal formant with /u/’s second formant, thereby confusing /˜i/ 
with /u/. So, for speaker 1 and 2, all /˜i/ data are perceived as 
/u/. For speaker 3, because the nasal formant is not so 
prominent,  /˜i/s are perceived both as /i/ and /u/. But, in case 
of speaker 4, no nasal formant of /˜i/ is observed which is near 
about /u/’s second formant. So, /˜i/ is perceived as /i/ by the 
Japanese listeners. /˜i/’s F1 and F2 are in about the same 
frequency of /u/’s F1 and F3. Nasal pole (Fnp) of /˜i/ is in 
about the same frequency region (around 1 kHz) of /u/’s F2. As 
Japanese listeners have no perceptual axis of nasality, so, we 
may say that Fnp is superimposed on F2 axis in F1-F2 space. 
Therefore, it is easily predictable that Japanese listeners may 
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            Response  
Input / i/ / e/ /a/ / o/ /u/ 

/i/ 40
/e/ 40
/æ/ 38 2
/a/ 40
/ / 6 31 3
/o/ 1 33 6
/u/ 40 
/ i/ 17    23 
/e/ 37 2 1
/æ/ 38 2
/a/ 40
/ / 6 31 3
/o/ 31 9
/u/ 3 37 
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nfuse / i/’s nasal formant Fnp with /u/’s second formant F2 
 F1-F2 space, thereby perceiving /˜i/ as /u/. 

It may be known that nasal pole of /˜i/ is located around 
 region of /u/. But as far as it is known, there is no 
perimental study which describes that similar frequency 
cation of F2 of /u/ and nasal formant of /˜i/ may be related to 
e perceptual effect of confusion of the two vowels for the 
n-natives. 

From the analyzed spectra of /e/, / a/, / o/, / u/ and their 
rresponding nasal counterpart, it is observed that no nasal 
rmant of nasal vowels is near about the same frequency 
cation of other oral vowels’ second formant. So for other 
sal vowels, confusion between oral and nasal vowel does not 
cur. Only in case of / i/, the nasal formant is confused with 
cond formant of /u/, thereby making phoneme confusion 
ith /u/. 

2   Perceptual test with synthetic stimuli 

2.1   Speech materials 

 this study, we use speech stimuli of /i/ and /˜i/ uttered by the 
rst three native Bangla speakers as described in Section 2. In 
der to create a synthetic speech corpus with varying nasality, 
eps as discussed in Section 3 are applied. The above 
ocedure is repeated for each oral vowel for the three speakers. 
r each speaker, speech corpus was made of 21 data (an oral 
alysis-synthesis (AS), a nasal AS and 19 synthetic speech 
nerated with varying vowel nasality using PZ model). 

herefore, total number of speech data for three speakers are 
(= 21*3). An example of parameters of PZ model for all 
wels of speaker 1 is shown in Table 2. 

2.2  Listening test method  

he listening test is done in the same way with same five 
teners from two language groups as described in Section 
1.2. Bangla listeners are asked to select the speech data 
ong /i/, / i/, and /u/. The Japanese listeners are asked to 

lect them between /i/ and /u/. As our purpose was to check 
w the Japanese listeners perceive varying nasality of    / i/,
 their own language background. So, for the Japanese 
teners, there was no training for Bangla vowel perception 
d no option for selection of / i/.

.2.3   Result and Discussion 

r speaker 1, listening test result for Bangla and Japanese 
teners is shown in Fig. 4. As the nasality of /i/ is increased, 
panese listeners tend to hear /i/ as /u/ (i.e. across vowel 
tegory), whereas Bangla listeners perceives /i/ gradually as 

i/. This result of perceiving /˜i/ as /u/ by Japanese listeners 
s similarity with the result obtained with natural stimuli in 
b-section 4.1. From this experiment we observe: 

For Japanese listeners, the change of perception of vowels 
 more categorical: The graph of the listening tests of Fig. 4 is 
tted with a normal cumulative density function. We measure 
e threshold of phoneme change (50% crossover point of 
sal vowel recognition) and slope of the curve at threshold.  



      Table 2 : Parameters of PZ model for speaker 1 
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Fig. 4:  Fitting the listening test result with a normal 
cumulative density function curve (data: Speaker 1). 

We can take these two quantities as a measure of comparing 
the difference in perception of the listeners of the two 
language groups. Average value of 3 speakers’ threshold of 
phoneme change is observed to be higher (10.6dB) for 
Japanese than Bangla listeners (9.3dB). We observe that at 
threshold, Japanese listener’s perception from /i/ to /u/ has 
steeper slope (19%/dB, more categorical) than change of slope 
of /i/ to /˜i/ (11.8%/dB, continuous) of Bangla listeners. 
Therefore, as vowel nasality increases, Japanese listeners 
perceive from /˜i/ to /u/ which is more categorical than the 
change of perception from /i/ to /˜i/ of Bangla listeners.
Because Japanese are used to hear consonant nasality which is 
categorical, we believe that this phoneme change is similar to 
the nasal consonant perception (categorical change).  

We may also explain the above fact as follows: It is 
known that differences can be perceived as abrupt having 
sharp boundaries, i.e. categorical (consonants) or as 
continuous (vowels) [9]. But, categorical perception still 
occurs for vowels [10] though not as abrupt change in 
categories as consonants along a stimulus continuum that 
spans from one category to another.  So we may say that, since 
Japanese language does not have /˜i/ category, the Japanese 
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A1(dB) P1(kHz) Z(kHz) P2(kHz) A2(dB)
/i/   0.790 1.090 11.5 
/e/   0.796 1.058 8.7 
/æ/   0.990 1.252 5.8 
/a/ 11.29 0.272 0.480   
/ /   0.561 0.981 3.95 
/o/   0.756 1.176 5.64 
/u/   0.561 0.981 11.29 
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teners all perceive it as /u/, the nearest quality for them. This 
enomenon is a result of Japanese listeners’ categorical 
rception of vowels. 

5. CONCLUSION 

panese has no oral-nasal phonemic contrast in vowels 
hereas Bangla has oral-nasal phonemic contrast for all its 
ven vowels. The question of interest of our work is how 
al-nasal distinction of Bangla vowels is perceived by 
panese listeners in their own language background. We 
served that, instead of perceiving nasal /˜i/ as phoneme /i/ 

hich is within same vowel category, Japanese listeners 
rceive most of the data as oral /u/ which is across vowel 
tegory. For further investigation of the language dependent 
rception in discriminating oral-nasal contrast, we 
nstructed speech corpus using synthetic stimuli with varying 
sality. As the nasality of /˜i/ is increased in synthetic stimuli, 
panese listeners tend to perceive /˜i/ as /u/ (i.e. across vowel 
tegory) abruptly with an average slope of 19%/dB. Bangla 
teners perform this change gradually from category /i/ to /˜i/ 
 an average slope 11.8 %/dB, at threshold.  From our study, 
e may conclude that, due to Japanese listeners’ categorical 
rception of vowels, similar spectral location of nasal 
rmant of /˜i/ and F2 of /u/ results in perceptual illusion of 
rceiving /u/ which is the nearest vowel quality for them.  
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