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Abstract— Stops are considered as one of the most 

important class of the phoneme classification. Their 

detection plays a vital rule in many speech recognition 

system applications and in psychoacoustic studies for 

accurate and reliable systems. They are characterized by 

multiple sub-phonetics events which are responsible for 

making them important and playing wide role towards their 

formation from the acoustic-phonetic prospective. This 

paper includes the factors that are responsible for the 

detection of the stops and the way in which they are 

classified. 
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I. INTRODUCTION 

The stop sounds are one of the most important classes of the 

speech sounds. They have been the major topic of interest of 

many researchers from the past few decades. The 

researchers are particularly interested in to analyze and 

understand what basically is happening in the formation of 

the stop consonants due to their dynamicity in nature and 

this dynamicity and their highly speaker dependency and 

context dependency nature of the stop attract most of the 

researchers towards themselves (P. K. Ghosh and S. S. 

Narayanan, 2009). Stop sounds mainly comprises of some 

multiple sub-phonetic events, by whose formation the nature 

of the stops are completely characterized. These events 

formation are namely, viz, a closure, the burst, aspiration (if 

any), and voice onset time (VOT) (A. P. Pratosh, A. R. 

Ramakrishnan and T. V. Ananthapadmanabha, 2014). An 

appropriate combination of these events is only responsible 

for the production of the stop consonants. These cues are 

very much essential for identification of the speech for why 

there is non-uniformity seen in the speech signal. 

 In this paper we discuss the acoustic-phonetic 

characteristics of the stop consonants. We concentrate on the 

classification of the stop i.e., voicing, the manner of 

articulation and place of articulation. Along with this the 

detection of the stops is also very important and used in 

many psychoacoustic studies and ASR system based on both 

knowledge- and statistical- based approaches.  

 In the next section, we discuss the acoustic cues for 

the stop consonants. In the following section the 

spectrographic detection of the multiple sub-phonetic events 

are discussed. 

II. CLASSIFICATION OF STOPS 

A phoneme is the smallest unit of a language, arise from a 

combination of vocal folds and vocal tract articulatory 

feature. Articulatory features, corresponding to the first two 

descriptors above, include the vocal fold state, i.e., whether 

the vocal folds are vibrating or open; the tongue position 

and height, i.e., whether it is in the front, central, or back 

along the palate and whether its constriction is partial or 

complete; and the velum state, i.e., whether a sound is nasal 

or oral. All this leads us towards the classification of the 

Phoneme which is the broad classification of a language. 

The stops are the one of the main sub class of the phoneme 

classification. 

 The stop consonants are mainly divided into two 

types, viz., voiced and unvoiced (Thomas F. Quatieri, 2002). 

The voiced stops are the stops which are produced by the 

combination of the vibrations at the vocal folds in the vocal 

tract along with the formation of the multiple sub-phonetic 

events, for example, /b/, /d/, /g/ are the voiced stops sounds. 

The unvoiced stops are the stops formed by no vibrations at 

the vocal folds in the vocal tract along with the phonetic 

events, for example, /p/, /t/, /d/. To study and analyze stops, 

is done by studying the manner and place of articulation at 

and where the constriction takes place respectively. 

III. MANNER OF ARTICULATION 

It describes the degree of narrowing in the oral tract, i.e., the 

degree of structure (K. N. Stevens, 1998). From this 

viewpoint the stop sounds are produced with a closure 

within the oral cavity, a pressure built up behind this closure 

and a release thereafter, allowing the air to be rapidly 

expelled. These events can be divided into five components 

acoustically as: 

 Occlusion: The period during which there is a 

stoppage of the airflow during which the pressure 

increases, characterized by silence or the absence 

of energy. Voiced stops may have low frequency 

(0-500 Hz) periodic energy during this phase. 

 Transient: The component corresponds to the 

release of the closure, characterized by a spike on 

the spectrogram of intense energy with duration of 

about 10 ms. 

 Frication: The component resulting from the 

combination of high intra-oral pressure being 

released through a narrow opening at the point of 

release. 

 Aspiration: The component resulting of the vocal 

tract opening creating turbulence through the 

glottis rather than the oral constriction. Formants 

can often be present during this phase. 

 Transition: The component where formants are 

present and the oral tract is moving to the position 

for the following vowel target 

IV. PLACE OF ARTICULATION 

In articulatory phonetics, the place of articulation (also point 

of articulation) of a consonant is the point of contact where 

an obstruction occurs in the vocal tract between an 

articulatory gesture, an active articulator (typically some 

part of the tongue), and a passive location (typically some 

part of the roof of the mouth). The place of articulation 

along with the manner of articulation, gives distinctive 

sound to the consonant (K. N. Stevens, 1998). They are 

classified into the following types as: 
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 Bilabial: The point of maximum constriction is 

made by the coming together of the two lips. For 

example /p/, /b/, /m/, /w/.  

 Alveolar: The tongue tip articulates with the 

forward part of the alveolar ridge. For example /t/, 

/d/.Velar: The back of the tongue articulates with 

the soft palate. For example /k/, /g/.  

 Velar: The back of the tongue articulates with the 

soft palate. For example /k/, /g/.  

V. SPECTROGRAPHIC ANALYSIS 

Spectrogram is basically the visual representation of the 

speech waveform (Thomas F. Quatieri, 2002). With the help 

of it, we can visually detect the burst onset. However, it’s a 

manual approach used to see and observe what is going on 

in the speech signal. They are basically are of two types 

depending upon the window duration of the pitch period, 

viz, 

1) Narrowband: This type of spectrographic analysis 

is been carried about in between about 2-3 pitch 

periods of the overlap (20 ms long-time spectrum 

calculation) with bandwidth of about 45-50 Hz. It 

provides good frequency content but not temporal 

resolution. 

2) Wideband: This type of spectrographic analysis is 

been carried about in less than about a pitch periods 

of the overlap (3 ms long-time spectrum 

calculation) over bandwidth of about 300-500 Hz. 

It provides good temporal information which is of 

main concern from the analysis point of view of the 

bursts. 

 
Fig. 1: Comparison of Narrowband and Wideband 

Spectrogram of phoneme /k/. (a) Waveform. (b) 

Narrowband Spectrogram. (c) Wideband Spectrogram. 

The comparison of the two types of the 

spectrogram for phoneme /k/ are as shown in Fig. 1. From 

this we can see that wideband spectrogram as shown in Fig. 

1(c) is more convenient to be taken into consideration 

compared to the narrowband spectrogram as shown in Fig. 

1(b), as it provides us with good time resolution 

characteristics which is our main concerning factor for the 

detection of the burst-onsets. Good time resolution provides 

us the accurate detection of the burst-onset over particular 

instants.  

An utterance of a TIMIT database is used here for 

the detection of the burst onsets as shown in Fig. 2. The 

context of the sentence is, “put the butcher block table in the 

garage”, of around 2.4 ms and each vertical bar with circular 

marker denotes the estimated burst onset locations. The X-

axis represents the time (ms) axis while the Y-axis denotes 

the frequency (kHz). The box like indication detects the 

burst onsets in the Fig. 1~2. 

 
Fig. 2 Example of closure burst transition (a) Waveform (b) 

Wideband Spectrogram. 

VI. CONCLUSIONS 

In this work, we investigated the acoustic-phonetic features 

responsible for the classification of the stop sounds which 

yields to be a speaker independent in the continuous speech. 

Based on the spectrogram reading we detected the closure to 

burst transition useful for the various speech recognition 

systems.  
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