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Abstract

This paper proposes imitated phoneme models that represent
non-verbal sounds, especially cough sounds here, as phoneme
sequences. The purpose of this research is to detect the cough
sounds from user utterances accurately for the home health care
task because coughing is one of the most important barometers
to check the health condition. To deal with the variety of the
cough sounds, the imitated phoneme models are constructed by
clustering of phoneme sequences obtained in phoneme recog-
nition. The experimental results show that this approach can
improve the correct rates and the accuracies for words and
coughs compared with the approach using HMM constructed
from cough waveforms.

1. Introduction
In conventional speech recognition systems, non-verbal sounds,
especially so-called human noises such as cough sounds, are
processed as burden noises that cause mis-recognition. Non-
verbal sounds are, however, important information to know
user’s physical and psychological condition. In particular,
coughing is one of the most important barometers of daily
health check, so we attempted to detect the cough sounds from
user utterances in a spoken dialogue system for home health
care services[1, 2]. The result of the preliminary experiments
in [2] showed that insertion errors of coughs, that is, substitu-
tion errors between coughs and silences, occurred frequently.
To solve this problem, we have proposed a cough detection
system integrating the results of two HMMs constructed from
normal waveforms and from band-pass filtered waveforms of
coughs[2]. From the experimental results, we have confirmed
that the above approach was able to improve an accuracy of
cough detection.

On the other hand, in our previous work using the HMM
constructed from cough waveforms, which we call the cough
HMM in the following, there was also a problem that we have
to collect a large number of cough data with high quality to de-
tect coughs accurately. In addition, the coughs have various
types from non-serious level to serious level and also cough
sounds are various even in the same symptom. Consequently,
it would be difficult to classify the various types of the coughs
using the cough HMM because modeling more various types
of coughs needs more amount of cough data. So, in this pa-
per, we propose the imitated phoneme models that represent the
cough sounds using phoneme sequences to deal with the variety
of the cough sounds. In the concrete, we construct the imitated
phoneme models of coughs by clustering of the phoneme se-
quences obtained in phoneme recognition of cough waveforms
and by selecting of the representative pattern from the centroids
of clusters.

This approach that defines a non-verbal sound as the im-
itated phoneme model can be considered as the recognition
method of a kind of onomatopoeia. As a example of previ-
ous researches regarding onomatopoeia recognition, Ishihara et.
al. have reported automatic transformation of environmental
sounds to sound-imitation words, but their targets are the envi-
ronmental sounds, not human noises such as cough sounds[3].
Although it is similar in that they represent the environmen-
tal sounds as phoneme sequences, it is different in the way to
cope with the variation, that is, they use “phoneme-group” to
absorb the variety of onomatopoeia representation, whereas we
use more than one imitated phoneme model to absorb the vari-
ety of cough sounds.

In this paper, as the first step to discriminating a serious
level of coughs, we investigate to detect other type of coughs
called seki-barai in Japanese. Seki-barai is a kind of simulated
coughs for clearing one’s throat, for easing the tension, or for
making someone pay attention. This type of coughs seems not
to have some definition in the medical term, so it can be consid-
ered as one of the non-serious cough symptoms. Consequently,
it is important to classify simulated coughs from normal coughs.
To distinguish from the normal cough caused by some symp-
toms, we define here this type of cough (seki-barai) as “a cough
with closing the oral cavity”. In the rest of this paper. we call
this cough a “closed-cough” and call a normal cough a “opened-
cough”.

In the following, we first show the acoustic features of the
opened- and the closed- coughs. Next, we explain our approach
with the imitated phoneme model. Finally, we present the ex-
perimental result and demonstrate that the imitated phoneme
models can improve the performance compared with the cough
HMM.

2. Acoustic Analysis of Two Types of
Coughs

Fig. 2 shows examples of original waveforms and these acoustic
analysis results for an opened-cough and a closed-cough. These
waveforms were recorded at a sampling rate of 16kHz and 16
bits per sample in a comparatively quiet room. In the follow-
ing, all data set used in the experiments are recorded at same
conditions. The top waves show the original waveforms, the
middles are the power envelopes, and the bottoms are the sound
spectrograms.

As shown in Fig. 2, the opened-cough waveform has a
abrupt increase in the power at the onset of the signal. This is
because coughs have a sudden expulsion of air from the lungs
through a partially closed glottis. In addition, as can be seen
from the spectrograms, it is somewhat different in the spectral
peaks for the opened- and closed-coughs.
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Figure 1: Waveforms of a opened-cough (top) and an closed-
cough (bottom).

3. Basic Idea of Cough Recognition
In our previous work[2], there was a problem that insertion er-
rors of coughs occurred frequently. To detect coughs accurately
with the cough HMM, we have to not only collect enormous
amount of cough data with high quality, but also investigate the
acoustic features of the cough data and the topological struc-
ture of the model in order to construct an appropriate model.
It would be difficult to accomplish this task when we target
the more various cough sounds. So we consider the imitated
phoneme models to represent cough sounds as phoneme se-
quences instead of the cough HMMs. This idea can be con-
sidered to basically identical to model the cough sounds as ono-
matopoeia, which is called “giongo” in Japanese. The cough
sounds however have many variation of sounds. As the same
problem is pointed out in [3], the literal representation of ono-
matopoeia is not unique. For example, the onomatopoeia of
cough sounds can be considered “/g/-/o/-/h/-/o/”, “/g/-/e/-/h/-
/o/-/Q/” and so on. There is also another problem that the cough
sounds might not be represented by the verbal sounds. So we
propose to represent cough sounds as phoneme sequences with-
out syllabic structure using phoneme recognition and a cluster-
ing technique.

In the concrete, the procedure is as follows.

1. recognize training data using a grammar that can ac-
cept any phoneme sequences with Japanese monophone
HMM.

2. categorize the phoneme sequences obtained by the above
phoneme recognition using the clustering technique.

3. select centroids of the larger clusters in order of size.

4. register them into the dictionary as pronunciation of the
target cough sounds.

Fig. 3 shows a flow diagram of this procedure. For each
type of coughs, the imitated phoneme models are obtained by

Figure 2: Cough modeling process.

executing this procedure. Finally, the user’s utterances with the
opened-coughs or the closed-coughs are recognized using the
dictionary including the imitated phoneme models.

4. Phoneme Recognition of Cough
At first, we recognized the training data as phoneme sequences
using Japanese monophone HMM. Table 1 shows Japanese
phoneme list used in this experiment.“N” and “Q” in Table 1
are special symbols in studies of Japanese language and pho-
netics. “N” is called hatsuon in Japanese. This phoneme is a
special consonant and represents a moraic (or syllabic) nasal,
which is also called a syllable-final nasal because it never occur
at the beginning of words. “Q” is called sokuon in Japanese.
This phoneme is a moraic silence, which is also called a choked
sound or a geminate obstruent. Normally, the moraic silence is
caused by a glottal stop between a vowel and a limited conso-
nants. Noted that our phoneme recognition procedure takes no
account of the syllable structure in Japanese.

The training data set contains 118 waveforms of the
opened-coughs uttered by three men and 120 waveforms of the
closed-coughs uttered by four men. The monophone HMM
used in this experiment is a 4 Gaussian mixture monophone
model of gender-dependent (for men) included in Japanese Dic-
tation Toolkit Julius[4].

The result of phoneme recognition is shown in Table 2 and
the phonemes from 1st to 7th with each occurrence frequency
are shown in Table 3. The average numbers of phonemes in the
result are 2.3 and 3.4 for the opened- and the closed-coughs,
respectively. The average number for the closed-coughs is
more than that for opened-ones. The reason for this is conjec-
tured that the occurrence frequency of consonants in the closed-

Table 1: Phonemes of Japanese language.
vowels /a/,/e/,/i/,/o/,/u/

long vowels /a:/, /e:/, /i:/, /o:/, /u:/
consonants /b/, /by/, /ch/, /d/, /dy/, /f/, /g/, /gy/,

/h/, /hy/, /j/, /k/, /ky/, /m/, /my/, /n/,
/ny/, /p/, /py/, /r/, /ry/, /s/, /sh/, /t/,
/ts/, /w/, /y/, /z/

moraic silence /Q/
moraic nasal /N/



Table 2: Results of phoneme recognition (excerpt).
opened-coughs /u/-/Q/

/u/-/f/-/u/
/b/-/u/-/Q/
/u/-/f/-/Q/-/N/
/z/-/g/-/f/-/Q/
/p/-/i/-/Q/-/f/-/u/

closed-coughs /p/-/u/-/N/
/u/-/N/-/Q/
/u/-/N/-/i/-/Q/
/z/-/h/-/Q/-/N/
/p/-/u/-/N/-/Q/
/p/-/u/-/N/-/z/-/Q/

Table 3: Results of higher frequency phonemes.
/u/ /Q/ /f/ /z/ /p/ /a/ /i/

opened-cough 108 43 27 15 15 11 10
/u/ /N/ /Q/ /p/ /i/ /z/ /e/

closed-cough 93 62 56 51 29 27 25

coughs is higher than that in the opened-ones. As can be seen
from these tables, in both results for the opened- and the closed-
coughs, a vowel /u/, a moraic silence /Q/ and an unvoiced stop
consonant /p/ occurred more frequently. In addition, although
the occurrence frequency of fricative sounds /f/ and /z/ are high
for the opened-coughs, the occurrence frequency of a moraic
nasal /N/ is high for the closed-coughs.

5. Cough Modeling Using Imitated
Phoneme Model

We next categorize the phoneme sequences obtained by the
phoneme recognition using a clustering technique. Then we
select centroids of the larger clusters from 1st to 4th in order of
size and register them into the dictionary as imitated pronunci-
ation of the target non-verbal sound.

We used the furthest neighbor algorithm as the clustering
method and the distance between patterns calculated by the fol-
lowing equation. Here, A and B stand for the set of the phoneme
symbols included in each pattern , num(X) means the number
of elements in the set X.

d(A, B) = 1 −
num(A ∩ B)

num(A ∪ B)
(1)

Although other definition of the distance can be considered,
the distance between the set of symbols is used in here because
the length of the pattern is comparatively short.

Table 4 shows the imitated phoneme models registered to
the dictionary in the experiments. Although these patterns re-
semble each other, basically the opened-cough is represented
by fricative sounds /f/,/z/, the closed-cough is represented by
moraic silence /N/.

6. Experiments
We conducted speech recognition experiments to compare the
imitated phoneme models with the HMMs constructed from
cough waveforms. The cough HMM used for comparison is
constructed from same data of section 4, which has 3 states and

Table 4: The imitated phoneme model registered to dictionary.
opened-coughs /f/-/u/-/Q/

/u/-/Q/
/z/-/u/-/Q/
/u/-/f/-/u/-/Q/

closed-coughs /p/-/u/-/N/-/Q/
/u/-/N/-/Q/-/N/
/u/-/N/-/Q/
/p/-/u/-/Q/

a left-to-right topology. Feature parameters are computed as 25
dimensional observation vectors which consist of 12 MFCC, 12
∆ MFCC and ∆ log power, using HTK[5]. .

The test data used in this experiments are 58 utterances ut-
tered by two men with the closed-coughs and 120 utterances ut-
tered four men with the opened-coughs. As a language model,
we used a network model that can accept one or more succes-
sive coughs at the beginning and at the end of a sentence, or
between utterance units.

Table 5 shows the experimental results. In this table, in or-
der to analyze the effect of the insertion errors of coughs, the
correct rate and the accuracy for words and coughs are com-
puted separately. In addition, assuming that it is important to
detect the occurrence of coughs rather than to know the times
of the coughs, we applied the post-processing that replaces suc-
cessive coughs with one cough to the recognition results. The
result of the post-processing are shown in the bottom two line
of Table 5.

As shown in Table 5, although the accuracy and the cor-
rect rate for words slightly decrease, those for coughs increase
compared to the result of the cough HMM approach. In partic-
ular, the accuracies of both types of cough are improved signif-
icantly by the proposed method. Moreover, as shown in the re-
sult of post-processing, although the accuracy for each slightly
decreases, the correct rates for each are improved. The reason
of decreasing the accuracies is because of decreasing not only
the number of the insertion errors but also the numbers of cor-
rect words and coughs as a denominator of the accuracy.

Table 6 shows the result of the error analysis for the speech
recognition experiments. Here, the total number of targets is
751 for words, 416 for for opened-coughs, and 109 for closed-
coughs. As can be seen from this result, the number of the
insertion error of the closed cough and the substitution errors of
the opened-cough with the closed-cough are very large. For the
reason, it is conjectured that the training of closed-cough HMM
is not sufficient due to the training data size is so small.

Substitution errors between words and each cough are
shown in Table 7. This table shows that the most frequent error
is substitution /u/-/N/ with the closed-coughs in the proposed
approach1. The number of correct matching /u/-/N/ is 17, so
41% of all are mis-recognized with the closed cough. The rea-
son is because the imitated phoneme model “/u/-/N/-/Q/“ is reg-
istered to the dictionary as pronunciation of coughs. It should
be cautious to register the imitated phoneme model not to over-
lap with the existent entry. On the other hand, comparing the
total number of the substitution between two cough types, the
proposed approach decreases it less than the one tenth of the
cough HMM approach. This result shows the performance of

1/u/-/N/ means YES in Japanese, an acknowledge answer with a
friendly attitude.



Table 5: Recognition results of user utterances including coughs.
total word opened cough closed cough

%Corr. %Accu. %Corr. %Accu. %Corr. %Accu. %Corr. %Accu.
proposed approach 86.2 74.1 93.3 91.1 73.6 60.8 85.3 8.3

cough HMM approach 66.4 29.2 95.3 93.2 23.6 8.2 30.3 -341.3

proposed approach
with Post-processing

92.8 78.9 93.5 91.2 94.0 73.4 85.7 0.95

cough HMM approach
with Post-processing

79.2 56.5 95.3 92.7 40.8 5.4 31.4 -112.4

Table 6: Error analysis for recognition results (without post pro-
cessing).

proposed HMM
Correctly recognized

words 701 716
opened-coughs 306 98
closed-coughs 93 33

Substitutions
opened-coughs with words 1 4
closed-coughs with words 0 0
words with opened-coughs 3 1
words with closed-coughs 14 3
opened-coughs with closed-ones 27 301
closed-coughs with opened-ones 15 74
words with words 28 29

Deletions
words 5 2
opened-coughs 82 13
closed-coughs 1 2

Insertions
words 17 16
opened-coughs 53 64
closed-coughs 83 405

classification of coughs are improved significantly by the pro-
posed approach.

7. Conclusions
In this paper, we proposed an approach to detect coughs from
user utterances using the imitated phoneme models. From the
experimental results, we confirmed that our proposed approach
obtained higher correct rates and accuracies than those of the
method using the cough HMMs. In addition, we also confirmed
that our proposed approach improved the performance of clas-
sification of cough types.

Whereas the method using the cough HMM was not able
to achieve the sufficient performance because the investigation
of the acoustic features and HMM’s topological structure are
insufficient, our proposed approach can achieve the compara-
tively good performance under the same condition. In the other
words, it might be said that our approach is effective for non-
verbal sounds such as coughs for which it is difficult to collect
the sufficient size of the data set.

In the future, we intend to apply this method to other types
of coughs and to discriminate a serious level of coughs. In ad-
dition, we also intend to investigate the detection of other non-

Table 7: Substitution errors between words and coughs.
proposed approach freq.

/u/-/N/ → closed-cough 12
/s/-/u/-/k/-/o/-/sh/-/i/ → opened-cough 2

/g/-/a/ → closed-cough 1
/m/-/u/-/n/-/e/ → closed-cough 1

/s/-/e/-/k/-/i/ → opened-cough 1
opened-cough → /N/ 1

cough HMM freq.
opened-cough → /u/-/N/ 2
opened-cough → /N/ 2

/g/-/a/ → closed-cough 1
/m/-/u/-/n/-/e/ → closed-cough 1

/s/-/e/-/k/-/i/ → closed-cough 1
/u/-/N/ → closed-cough 1

verbal sounds using the imitated phoneme models.
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