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Abstract

In modern speech processing technologies, segmental features of speech
are usually represented acoustically by spectrum, which contains not
only linguistic information but also extra-linguistic information corresponding to age, gender, speaker, microphone, and so on. If one
wants to classify speakers using their utterances purely based on their
dialects, only the dialectal diﬀerences should be focused on and the
extra-linguistic features should be removed or canceled. In fact, for
the problems of automatic speech recognition, very similar problems
are raised where the linguistic features of speech invariant or robust to
extra-linguistic factors are desired. Therefore, a method to build socalled speaker-independent models is studied by collecting the data of
many speakers trying to cover all the extra-linguistic features. About
some linguistic studies, in order to compare the vowel realizations of
diﬀerent speakers in linguistic and sociolinguistic meaningful ways,
normalization techniques are used to capture the diﬀerences. However, these methods may not work well in the problem of Chinese
dialect-based speaker classiﬁcation. For this problem, the linguistic
features invariant to extra-linguistic factors should be extracted from
the dialect utterances of individual speakers.
In our previous works, a structural representation of speech is proposed to extract the speech contrasts or dynamics by removing extralinguistic features from speech and it is already applied to speech
recognition, speech synthesis and helping Japanese learning English.
In my study, the structural method is further applied to Chinese dialect pronunciations representation and dialect-based speaker classiﬁcation is achieved by building comparable dialect structures to ex-

tract the speaker-invariant purely linguistic features from Chinese dialects. At the beginning, based on the phonological features of Chinese dialects, utterances of syllable units (characters) are proposed
as the reading materials to built pronunciation structures. Then several diﬀerent lists of Chinese written characters, which are original
proposed by Chinese dialectologists to check the dialect pronunciation of diﬀerent speakers, are adopted as the reading materials to
built dialect-sensitive comparable dialect pronunciation structures.
After that, using the dialectal utterances of the reading materials,
dialect pronunciation structure is built for every speaker by calculating the Bhattacharyya distances between the distributions of any
pair of his/her utterances. Because Bhattacharyya distance is invariant to aﬃne transformations and extra-linguistic features perform
as aﬃne transformations in spectral space, the built dialect pronunciation structure is invariant to extra-linguistic features in speech.
Therefore, speaker-invariant dialect-based speaker classiﬁcation can
be achieved by building the dialect pronunciation structures for the
speakers and calculating the distances between their pronunciation
structures.
In order to verify my proposal, several diﬀerent classiﬁcation experiments are carried out. At the beginning, a dialect-based speaker
classiﬁcation experiment is carried out. Because publicly available
Chinese dialect corpora cover only two or three dialects and cannot
be used for this problem, a new database of Chinese dialects is built
and the dialect data of 17 speakers are recorded. Then all the data
are labeled manually and the syllables are cut and converted into distributions. After that, for every speaker, the BDs between any pair
of his/her utterances are calculated and the pronunciation structure
is built. Then speaker classiﬁcation experiment is carried out by calculating the distances between their pronunciation structures. The
result shows that the speakers are well classiﬁed by their dialects and
the result is independent to extra-linguistic features such as the gender
and age of the speakers.

After that, this structural method is veriﬁed by a sub-dialect based
speaker classiﬁcation experiment. At the beginning, a new database
of sub-dialects is built and the sub-dialect data of 16 speakers from
4 sub-dialects regions of Mandarin and the data are recorded. Then
using the same method as last experiment, sub-dialect pronunciation
structures are built and these speakers are classiﬁed by calculating
the distances between their pronunciation structures. By the result,
it is found that the speakers from the same dialect cities are all clustered together and the speakers from the same sub-dialect regions
are also mainly classiﬁed near to each other, except one exception
that 4 speakers from ZhongYuan sub-dialect regions are classiﬁed to
two diﬀerent sub-trees. Several possible reasons for it are discussed:
these speakers are also graduate students in Tianjin and their subdialects may be aﬀected by the sub-dialect there to diﬀerent degrees;
the traditional linguistic classiﬁcation of these sub-dialects are carried
out based on several diﬀerent features of the whole syllable but our
method of structural classiﬁcation is only focusing on the acoustic
features of the ﬁnals. Anyway, neither of these possible reasons can
be proved. So a new evaluation method is proposed to prove that the
dialect-based speaker classiﬁcation using our structural method is not
aﬀected by the features of the speakers.
In order to prove that our method can classify speakers by extracting the speaker-invariant linguistic features no matter which kind of
dialect are they speaking, new comparison experiments are designed
with original dialect data and mimicked dialect data with minimum
speaker diﬀerences. For these experiments, I carried out some new
recordings in China and the data of speakers from 10 sub-dialects of
5 dialect regions were recorded. Then every utterance of this data set
is linguistically mimicked by an expert of Chinese dialects and a new
data set with ﬁxed speaker identity (minimum speaker diﬀerences) is
built. After that, using the original and mimicked data separately,
dialect-based speaker classiﬁcation experiments are carried out. It is
found that the two results are almost the same as each other, although

one is obtained using the dialect data spoken by diﬀerent speakers and
the other is obtained using the dialect data with ﬁxed speaker identity. It means that our method of classify speakers based on their
dialects using structural method is really invariant to speakers.
Also, our method of structural pronunciation comparison is compared
with conventional spectral comparison using data sets with maximum
speaker diﬀerences. At the beginning, corresponding to the original
and mimicked dialect data used above, new data are converted just
like they are pronounced by a very tall speaker and a very short
speaker and new data sets with maximum speaker diﬀerences are built.
Then using these data, classiﬁcation experiments based on spectral
comparisons are carried out. The results show that the classiﬁcations
are aﬀected greatly by the speaker features. After that, these speakers
are classiﬁed using our structural method and the results show that
they are well classiﬁed by their dialects and it is not aﬀected by the
speaker diﬀerences at all. So our method is proved again that it
can classify speakers based on their dialects by extracting the purely
linguistic features and the result is not aﬀected by the speaker features
like the conventional spectral comparison.
Further, the structural method is applied to estimating the utterance
similarity orders between two speakers. Using the dialect data of 2
Min speakers of diﬀerent genders and the data of 2 standard Mandarin speakers of diﬀerent genders, experiments are carried out to
estimate the utterance similarity orders among them using our structural method. The results show that very similar similarity orders are
obtained for the dialect speakers from the same dialect regions and the
results are robust to the genders of the speakers. Also, this structural
method is applied to pronunciation assessment of accented Mandarin.
At the beginning, the accented Mandarin pronunciation structures
are built and compared with the pronunciation structures of standard
Mandarin. Then a structural score is obtained for every utterance.

After that, these utterances are evaluated manually and the manual evaluated sores are compared with the structural scores. Meanwhile, the data are recognized by a new built Mandarin recognizer
and the results are compared with the above two scores. However, the
correlation coeﬃcients between these scores are not satisfactory, although some correlations can be found by the results. Therefore, substructures are built to assess the accented Mandarin pronunciations.
By adding or deleting utterances to built sub-structures, the pronunciations of accented Mandarin speakers are compared with standard
Mandarin speakers and the best correlation coeﬃcient is obtained at
about 0.4.
Through the above works I have done, it is proved that the structural pronunciation representation can extract the speaker-invariant
purely speaker features and classify Chinese dialect speakers based
on their dialects. Then we are planning to apply this approach to
drawing a new Chinese dialect atlas by calculating the acoustic distances among Chinese dialects, and this result can be further applied
to speech processing of multi-dialects. Furthermore, if more data
of standard Mandarin pronunciation and well labeled accented Mandarin pronunciation are obtained, I also want to continue the study of
pronunciation assessment of accented Mandarin using sub-structure
method.
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Chapter 1
Introduction
1.1

Background of this study

Nowadays, many researchers are focusing on the studies of dialects and accented
languages using modern speech processing techniques. According to the targets,
their studies can be classiﬁed into two kinds: some linguists are studying dialects based on the acoustic features trying to ﬁnd some new features of these
dialects or some new relationships among them [1, 2, 3]; On the other hand,
some studies are done for the target of developing new applications with modern
speech technologies, such as dialect identiﬁcation [4, 5, 6], dialect recognition [7]
and so on. However, no matter which kind of studies it is, a problem must be
faced that speech contains not only linguistic information but also extra-linguistic
information such as the age, gender, speaker and so on.
In fact, in modern speech processing techniques, segmental features of speech
are usually represented by spectrum, which contains not only linguistic features
but also extra-linguistic features corresponding to age, gender, speaker and so
on. But for the problems like dialect-based speaker classiﬁcation, only the linguistic features are needed and the extra-linguistic features should be canceled
or removed. Therefore, in conventional speech processing framework, so-called
speaker-independent acoustic models are often built by collecting the data of
many diﬀerent speakers trying to cover all the diﬀerent features of speakers [8].
Then for the processing of multi-dialects, such speaker-independent models are
always built for every dialect using the data of many speakers from this dialect

1

1.1 Background of this study

region [9]. About the studies of some sociolinguists and dialectologists, in order
to compare the vowel realizations of diﬀerent speakers in linguistic way, diﬀerent
vowel normalization techniques have been proposed to normalize the distortion
caused by the physiological diﬀerences among speakers [10, 11, 12]. However,
none of these methods can work in our problem of Chinese dialect-based speaker
classiﬁcation. For this problem, the linguistic features invariant to extra-linguistic
factors should be extracted from the dialect utterances of individual speakers.
Generally speaking, dialects describe intra-language variety and each of which
is used by a particular group of that language’s speakers [13]. There are always
some phonetic, grammatical and lexical diﬀerences to diﬀerent degrees among
dialects. About Chinese dialects, as many of them are mutually unintelligible to
each other, some linguists take them as a language family [14, 15, 16]. However,
because of many historical and sociological reasons and the following criterion for
distinguishing between languages and dialects: “A language is a dialect with an
army and navy” [17], we take Chinese dialects as a language and its dialect in
this thesis.
In China, there are hundreds kinds of dialects and they are traditionally classiﬁed into several major dialect regions [18]. Furthermore, most of these major
dialect regions also have many diﬀerent sub-dialects and sub-sub-dialects. Anyway, all these dialects are developed from the same root and they have inherited
a lot of common features. For example, they share the same written characters
and phonological structures, every character is pronounced as a mono-syllable
which is always composed by an initial, a ﬁnal and a tone. However, there are
still many diﬀerences among these dialects in varying degrees grammatically, lexically, phonologically and phonetically [19, 20]. Therefore, people from diﬀerent
major dialect regions always cannot communicate orally. And sometimes, even
for the people from adjacent cities, their dialects are quite diﬀerent and they
have diﬃculties in oral communication. Since 1956, standard Mandarin has been
popularized all over the country as the oﬃcial language and almost every dialect
speaker began to learn Mandarin just like learning a second language. However,
aﬀected by their native dialects, many of them speak Mandarin with regional accents. On the other hand, aﬀected by the popularization of Mandarin and people
are moving across diﬀerent dialect regions, many dialects are also changing and
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losing some of their special features. Strictly speaking, every speaker has his/her
own dialect not only because speakers of the same dialect are often speakers of
diﬀerent sub-dialects but also because the dialect of this speaker may already
changed aﬀected by other dialects or Mandarin.
Considering the complicated situation of Chinese dialects, the method of training diﬀerent speaker-independent but dialect-dependent models may not work in
Chinese dialect-based speaker classiﬁcation. Because if we want to apply this
approach to dialect-based speaker classiﬁcation, several dozens of dialect or subdialects models should be built after the data of many speakers from the same
dialect regions are collected. It will be a very challenging work and this approach will conﬂict with the goal of ﬁnding the intra-dialect relations among
speakers, because two Chinese speakers of the same dialect may be speakers from
diﬀerent sub-dialect regions. About the linguistic studies of extracting linguistic
features using methods like vowel normalization, the dialects of the speakers and
the phonological features of these dialects are always needed in advance. In this
problem of dialect-based speaker classiﬁcation, we don’t know any information
about the dialects of the speakers. Therefore, these linguistic approaches cannot
be used in our study either.
In our previous works, a structural representation of speech was proposed to
extract the speaker-invariant speech contrasts or dynamics [21, 22]. After the pronunciation structure is built using the interrelations among speech events of every
speaker, it can extract the linguistic features by removing the extra-linguistic features and irrelevant acoustic features from speech. Using this approach, SpeakerIndependent Automatic Speech Recognition (SI-ASR) was achieved only using
a small number of training speakers, where explicit adaptation or normalization was not needed [23, 24]. After that, this approach was applied to helping
Japanese learning English [26] and speech synthesis [25], and satisfactory results
were obtained.

1.2

Objectives of this study

In my study, in order to solve the problem of classifying Chinese dialect speakers based on their dialects, structural representation of dialect pronunciations
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are proposed to extract the purely linguistic features of their dialect by canceling the extra-linguistic features. Using the dialect utterances of every speaker,
his/her dialect pronunciation structure is built. Then the purely dialectal features can be extracted and it is invariant to extra-linguistic features such as age,
gender, speaker and so on. After that, in order to verify this proposal, dialect
and sub-dialect-based speaker classiﬁcation experiment is carried out separately
by calculating the distance between any pair of structures and the results are
supposed to be invariant to extra-linguistic features. Also, in order to prove the
speaker-invariance of this method, two classiﬁcation experiments using original
dialect data and linguistically mimicked data with minimum speaker diﬀerences
are carried out. At last, corresponding to these original and mimicked data, data
sets with maximum speaker diﬀerences are built and our structural method is
compared with the conventional method based on spectral comparison.
Besides dialect-based speaker classiﬁcation, the structural representation of
dialect pronunciation is also applied to calculating the utterance similarity between the pronunciations of two speakers. By comparing the pronunciation of
speakers from the same dialect regions with standard Mandarin, very similar
similarity orders should be found. So this method can be applied to ﬁnding the
common pronunciation features of the speakers who are from the same dialect
region. Also, by comparing the pronunciation of accented Mandarin with the
pronunciation of standard Mandarin, the accented Mandarin pronunciation can
be assessed and the result is irrelevant to the extra-linguistic features in speech.

1.3

Organization of this paper

The rest of this thesis is organized as follows: First, some fundamentals of Chinese
dialects, current situation of Chinese spoken language and their new development
trend are introduced in Chapter 2. In Chapter 3, some related works are introduced together with some knowledge of conventional dialect processing systems.
In Chapter 4, the method of building comparable dialect pronunciation structures and calculating the distance between two structures is introduced. After
that, two speaker classiﬁcation experiments based on Chinese dialects and subdialects of Mandarin are presented separately in Chapter 5 and Chapter 6. In
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Chapter 7, the speaker-invariant feature of the structural method is proved by
comparison experiments using original dialect data and linguistically mimicked
data. In Chapter 8, the structural method is compared with the conventional
method based on spectral comparison using data with maximum speaker diﬀerences which are created using high-quality voice morphing techniques and sound
as if they are produced by the same speaker but with a much longer or shorter
vocal tract. In Chapter 9, the structural method is veriﬁed whether it can work
well in estimating the utterances similarity and pronunciation assessment of accented Mandarin by comparing two pronunciation structures. At last, conclusion
of my works is given and the future works are introduced.
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Chapter 2
Fundamentals and current
situation of Chinese dialects
2.1

Introduction

In this chapter, some fundamentals of Chinese dialects and the current situation
of spoken Chinese are introduced. At the beginning, the classiﬁcation of Chinese
dialects is discussed. Then the common and diﬀerent features among Chinese
dialects are presented. After that, the current situation of Chinese spoken languages is introduced. At last, the new development trend of Chinese dialects is
presented and this chapter is concluded.

2.2
2.2.1

Fundamentals of Chinese dialects
Classiﬁcation of Chinese dialects

Generally speaking, dialects describe intra-language variety and each of which is
used by a particular group of that language’s speakers. There are always some
phonetic, grammatical and lexical diﬀerences to diﬀerent degrees among dialects.
About Chinese dialects, as many of them are mutually unintelligible to each other,
some linguists take Chinese dialects as a language family and its subdivision language [14, 15, 16]. However, because of many historical and sociological reasons
and the following criterion for distinguishing between languages and dialects: “A
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Table 2.1: Chinese dialects
Speakers
(in millions)
Mandarin 662.2
Group

Wu

69.8

Gan

31.3

Xiang
Min

30.9
55.1

Yue

40.2

Hakka

35.0

Jin

45.7

Hui

3.1

PingHua

2.0

Location
(Provinces)
north of YangZi
rivers, and south
west provinces
south Jiangsu, Zhejiang,
south-east
Anhui
Jiangxi, east Hunan
Hunan
Fujian,
Taiwan,
east
Guandong,
Hainan
Guangdong, east
Guangxi
south Jiangxi, west
Fujian, east Guandong
Shanxi,
north
Shaanxi,
west
Heberi
south-east Anhui,
west Zhejiang
south Guangxi
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Representative
sub-dialects
Beijing, Tianjin, Ruicheng

Shanghai, Suzhou, Danyang

Nanchang
ChangSha
Fuzhou, Xiamen, Taiwanese

Cantonese, Taishan
Meixian, Changting, Pingdong

Pingyao, Changzhi

Tunxi
Nanning
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language is a dialect with an army and navy” [17], Chinese dialects will be taken
as a language and its dialect in this thesis.
In China, there are hundreds kinds of dialects and they can be classiﬁed
into diﬀerent groups according to diﬀerent criteria. According to traditional
classiﬁcation [19, 20], Chinese dialects are classiﬁed into 7 major regional groups,
i.e., Guanhua(Mandarin), Wu, Xiang, Gan, Keijia(Hakka), Yue(Cantonese) and
Min. Meanwhile, some linguists claim that there should be 9 dialect groups (Jin
and Hui are added) or more [27, 28]. For example, in [28], Language Atlas of
China, Chinese dialects are divided into ten groups as shown in Table 2.1. In this
thesis, the traditional classiﬁcation of Chinese dialects is accepted and the names
of these dialect regions are also the same.
In addition, most of Chinese major dialects have many sub-dialects and subsub-dialects. For example, Mandarin, spoken by roughly 65 percent of the entire
population of China, has 8 sub-dialects all over the country and they can be
divided into 42 sub-sub-dialects [18]. For the people from diﬀerent sub-dialects
or sub-sub-dialects regions of Mandarin, most of them can communicate orally.
However, at the southeast of China, several major dialects are located there
and each of them has many sub-dialects and sub-sub-dialects, people from two
adjacent cities may cannot communicate orally because they may speak diﬀerent
dialects or sub-dialects.

2.2.2

Common features among Chinese dialects

Almost all the Chinese dialects are developed from the same root and they have
inherited many common features grammatically, lexically, phonologically and
phonetically
ten systems,
etc. In this
units, so the

[14, 16]. For example, most of them are sharing the same writvery similar sound systems, the same phonological structures, and
thesis, dialects are compared mainly based on their phonological
phonological features of Chinese dialects are introduced here.

In fact, all the Chinese dialects have the same phonological structure. Every written character is pronounced as a tonal mono-syllable and which can be
divided into two kinds of phoneme sets, initials and ﬁnals, according to traditional Chinese phonology [29]. The initial is optional and always consists of an
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Initial

Onset

Final

Vowel

Syllable

Character
Tone
Coda

X

i

iang

a

Xiang
郷
Tone 3
ng

Figure 2.1: Phonological structure of Chinese
consonant. The ﬁnal mainly consists of a vowel (which can be monophthong,
diphthong or triphthong) with an optional onset or coda consonant. The tone is
always carried by the ﬁnal. The phonological structure of Chinese dialects and
an example are shown in Fig. 2.1. By this ﬁgure, we can ﬁnd that every character
is pronounced as a monosyllable with tone, the syllable is combined an optional
initial and a ﬁnal, the ﬁnal is combined by a vowel and optional onset and coda.

2.2.3

Diﬀerent features among Chinese dialects

Due to many diﬀerent historical, geographical reasons, there are many diﬀerences among Chinese dialects, with respect to grammar, vocabulary, and syntax.
Therefore, the dialects of diﬀerent major dialect regions are always mutually unintelligible to each other.
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Take the phonological diﬀerences among Chinese dialects as example, their
phonological inventories are quite diﬀerent to each other [19]. In Mandarin, there
are 22 initials (including null initial) and 38 ﬁnals. There are 19 initials and
53 ﬁnals in Cantonese, 35 initials and 32 ﬁnals in Wu dialect. Meanwhile, the
phonemes of diﬀerent dialects are also diﬀerent. The codas of Mandarin are
restricted to /n/ and /N/, but some dialects have much more codas such as /m/,
/p/, /t/, /k/. There are 5 tones in Mandarin including the neutral tone, but
there are 9 tones in Cantonese and 2 tones in some dialects of Wu dialect region.

2.3
2.3.1

Current situation of Chinese spoken language
Popularization of standard Mandarin

Because people from diﬀerent dialect regions always have diﬃculty in oral communication, standard Mandarin, which is the largest spoken language mainly
spoken in northern and southwestern China, is taken as a common language of
communication oﬃcially. Then standard Mandarin is popularized all over the
country as the language used in government agencies, in the media and as the
instruction language in schools. Therefore, most of native dialect speakers began
to learn Mandarin. For the speakers from dialect regions where the dialects are
mutual unintelligible to standard Mandarin, they are learning Mandarin just like
a second language.

2.3.2

Development of accented Mandarin

Since the popularization of standard Mandarin, many dialect speakers are learning Mandarin just like learning a second language. But aﬀected by their native dialects, many of them have some troubles in pronouncing some phonemes
of standard Mandarin. For example, speakers from northeastern and southern
China often mix up some phonemes like /zh/ and /z/, /ch/ and /c/, because
their dialects don’t make these distinctions. Therefore, many dialect speakers
speak Mandarin with regional accents [30]. For some speakers from Xiang and
Gan dialect regions, as the speakers cannot read some words in Mandarin, they
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just read these words in their dialects. Then some new local spoken languages are
developed and which are in fact the mixture of the native dialects and standard
Mandarin.

2.3.3

New developing trend

On the other hand, aﬀected by the popularization of standard Mandarin, many
dialects are losing some of their special features and becoming more and more
similar to standard Mandarin. Further, with the development of China, many
people are moving from one dialect region to another all over the country these
years. When they move to a new dialect region, they will attempt to pick up the
local dialects. However, aﬀected by their native dialects, their pronunciations of
the new dialects always show some features of their native dialects and strictly
speaking, every of them have their own dialects.
Anyway, although Chinese dialects keep developing and losing some special
features, it is still believed that they will continue to be used in the future,
especially for the major dialects like Cantonese, Hakka and so on. Because even
out their dialect regions, speakers will speak dialects to the people who are from
the same dialect regions to show the special relationships between them and to
get the strong group identity.

2.4

Conclusion

In this chapter, some fundamentals of Chinese dialects and the current situation
of Chinese spoken languages are introduced. There are many diﬀerent dialects,
sub-dialects in China and they are mutual unintelligible to each other sometimes
because they are diﬀerent to varying degrees grammatically, lexically, phonologically and phonetically. Therefore, standard Mandarin has been popularized all
over the country as oﬃcial language and many dialect speakers begin to learn
Mandarin just like a second language. However, aﬀected by their native dialects,
many of them speak Mandarin with regional accents. On the other hand, Chinese
dialects are also developing aﬀected by the popularization of Mandarin and some
other dialects because people are moving from one dialect region to another all
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over the country. So in brief, the current situation of Chinese dialects are becoming more and more complicated and speakers from the same dialect regions
may speak diﬀerent dialects not only because they may from diﬀerent sub-dialect
regions but also because their dialects may already changed aﬀected by Mandarin
or other dialects.
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Chapter 3
Related works
3.1

Introduction

In this chapter, background knowledge of modern speech processing and some
related works of my study are introduced. First, the conventional framework of
Automatic Speech Recognition (ASR) system is described and how to extract
the acoustic features from speech is introduced. Then how multi-dialects are
processed under this framework is discussed. After that, some related linguistic studies like capturing the phonetic diﬀerences using vowel normalization are
introduced.

3.2
3.2.1

Modern speech processing of dialects
Conventional framework of ASR

The conventional framework of modern ASR system is shown by Fig 3.1. At the
beginning, the input speech signal is preprocessed and segmented into a frame
sequence by diﬀerent windows. Then for every frame, acoustic features are extracted as feature vectors and passed to the decoder. After that, the feature vector
sequences are treated as observations and decoded with the acoustic model and
language model using algorithms like Viterbi or Baum-Welch.
Take the feature vector sequences as X, the corresponding word sequences as
W, P (W |X) as the posterior probability of observing vector sequences X when
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word sequence W is pronounced, then the decoder will try to get the maximum
P (W |X) and the corresponding Ŵ . This process can be shown by
Ŵ = argmax P (W |X).

(3.1)

W

According to Bayes rule, the posterior probability can be calculated as the product
of the class conditional distribution and the prior
Ŵ = argmax P (X|W )P (W ).

(3.2)

W

Here P (X|W ) is referred to as the score obtained by comparing the feature vector
observations with the acoustic models, and P (W ) is referred to as the language
score. Hence, the decoder incorporates acoustic models and language models to
produce a word sequence that maximizes the posterior probability of the feature
sequence. At last, the output optimal word sequence, the recognized result will
be passed to the application.

Figure 3.1: The basic framework of ASR

3.2.2

Acoustic features extraction

In the feature extraction stage, after the input speech signal is segmented into a
sequence of frames, the acoustic features of them can be extracted using diﬀerent
methods.
Among the acoustic feature extracting methods, cepstrum is always used and
this method is motivated by both perceptual and performance aspects of human
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Speech signal

Short term signal
DFT & log transform

Log-spectrum

Spectral
envelope

IDFT

Cepstrum

DFT

Figure 3.2: Cepstrum extraction from speech
beings. In speech production, the vocal tract may be viewed as a ﬁlter acting on
a sound source [31, 32] and it changes shaper slowly in continuous speech. Therefore, at small enough time scales, the time scale of one frame can be considered
a ﬁlter of ﬁxed characteristics [33]. Hence, the process of extracting cepstrum
from speech is shown by Fig 3.2. At the beginning, a short time Fourier transform is applied to convert the time domain signal into the frequency or spectral
domain. Then a ﬁrst-order pre-emphasis ﬁlter is usually applied to accentuate
the higher frequencies in the formant structure. So the speech signal is windowed
at intervals to produce discrete frames and Discrete Fourier Transform (DFT) is
applied to compute the spectrum. After that, cepstrum can be obtained using
the inverse DFT of the logarithm of the power spectrum. Then, spectral envelope
can be extracted after DFT with a low pass ﬁlter. Its spectral peaks are deﬁned
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as formants, which can be taken as the resonances of the human vocal tract.
Therefore, the frequencies of formants are always used to represent the acoustic
features and are usually used in some linguistic studies.
Nowadays, a new representation of the acoustic features of speech, MelFrequency Cepstrum Coeﬃcient (MFCC) [37], is proposed and becomes the most
commonly used representation of acoustic features. According to the perceptual
aspects of listeners, Mel scale is proposed as the perceptual scales [38] and it
warps the frequency scale by logarithmically compressing it. Therefore, diﬀerent
to cepstrum, MFCC is calculated using a series of triangular band-pass ﬁlters
which are equally spaced on the Mel scales. The triangular band-pass ﬁlters are
shown by Fig 3.3. Generally speaking, MFCC approximates the human auditory system’s response more closely by integrating its spectral components over
gradually widening intervals
the Mel scale and projecting the resulting
図 following
ケプストラム分析
Mel-warped spectrum on the cosine basis [36].

fmel ( f )

fmel ( f ) = 2595 log10 (1 + f / 700)

f

図

メル周波数とその軸上に等間隔で配置された三角窓
Figure 3.3: Triangular band-pass ﬁlters in calculating the MFCC
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3.2.3

Acoustic modeling

After the acoustic features of speech are extracted as feature vectors, they will
be compared with trained acoustic models to get the acoustic score P (X|W ).
Nowadays, acoustic model is usually trained as Hidden Markov Model (HMM)
[39] and one example of HMM is given by Fig 3.4. In this ﬁgure, Si means the ith
state, ai means the transition probability from state Si to Sj , bi (x) is the output
probability of state Si generates the feature vector x. These parameters of HMM
are learned in a data-driven manner and Maximum Likelihood (ML) criterion is
always used. The optimal set of parameters θ should maximize the likelihood of
the training data for the reference transcription W.
θ̂ = argmax P (W |θ).

(3.3)

θ

Generally
speaking, Baum-Welch algorithm [40] is adopted for maximum-likelihood
章 従来の音声認識システム
training of HMMs parameters using algorithm like EM [41]. By diﬀerent itera-

第

tions of increasing the likelihood of the training data, a local maximum is got
and the HMMs parameters are ﬁxed.

a11

a22

a33

a12
S1

a23
S2

b1(x)

b2(x)
x

図

S3

b3(x)
x

隠れマルコフモデル（

x
）

Figure 3.4: Hidden Markov Model (HMM)
In fact, for diﬀerent recognition tasks, diﬀerent kinds of HMMs can be built.
Take the recognition of isolated word like digit recognition as example, HMM
can be built for every word because we needn’t to capture the co-articulatory
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eﬀects between words and we can get suﬃcient training data to estimate the
models. Then for the recognition system of large vocabulary, HMM will be trained
for every phone, but heir acoustic features will be diﬀerent depending on their
neighboring phones. Therefore, content dependent models, HMMs based on the
left and right contexts are usually adopted. Comparing the phone HMM without
considering the context is called monophone, the phone HMM considering its
right and left context is called triphone. Sometimes, more contexts, with two
phones to the left and two to the right, will be considered and their name is
quinphones [42].

3.2.4

Dialect processing

The process of one dialect is just like the common speech processing of one language. Theoretically speaking, after the acoustic and language models are trained
with enough dialectal data, satisfactory performances can be got using some vocal tract length normalization or speaker adaptive techniques together. However,
about the processing of multi-dialects or accented Mandarin [43], it is quite different and much more diﬃcult.
The processing of multi-dialects can be divided into several diﬀerent categories, like dialect identiﬁcation, dialect speech recognition and so on. Meanwhile,
these studies can be classiﬁed into two parts according to which kind of features,
acoustic features or linguistic features, are mainly focused. For example, about
some studies of language identiﬁcation or dialect identiﬁcation [44, 45, 46], the
researchers are focusing on the linguistic features of the dialects and the dialect
identiﬁcation is achieved by building diﬀerent language models. About the studies based on acoustic features, diﬀerent kinds of phone recognizer can be built.
Take [7] as example, parallel phone recognizers or adaptive phone recognizer can
be built to recognize the dialect or dialect speech.
Generally speaking, if there are enough data for all the dialects, dialectdependent but speaker-independent parallel recognizers are always built for multidialect recognition [47]. At the beginning, the dialect of input speech will be
identiﬁed and be passed to the recognizer of this dialect. Then the results will be
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given. Otherwise, the input speech can be recognized by the recognizers in parallel and the input dialect will be determined by the recognizer that returns the
highest ASR score. The process of these two methods can be shown by Fig 3.5.
Dialect
recognizer 1

Input
speech

Dialect
identification

Dialect

Output

recognizer 2

result

...
Dialect
recognizer N

Dialect
recognizer 1

Input

Dialect

speech

recognizer 2

Pick max

Output
result

...
Dialect
recognizer N

Figure 3.5: Two frameworks of multi-dialect recognition with multi-recognizers
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3.2.5

Dealing with the extra-linguistic features

However, no matter which kind of acoustic feature representation is adopted, they
are still aﬀected by the extra-linguistic features such as speakers feature, recording microphone and so on. Therefore, normalization or adaptation techniques are
usually used to deal with the diﬀerent extra-linguistic features such as diﬀerent
speaker and recording conditions [48]. For example, in order to normalize the
vocal tract length diﬀerences between male and female, vocal tract length normalization (VTLN) is always used [49]. And for more general speaker adaptation,
maximum likelihood linear regression (MLLR) [50] is always used. Sometimes,
in order to capture the speech dynamics, delta and delta-delta coeﬃcients will
be used together with techniques like heteroscedastic linear discriminant analysis
(HLDA) [51]. Many systems also use some purely statistical approach to estimate
the HMM parameters, like maximum mutual information (MMI), minimum classiﬁcation error (MCE) and minimum phone error (MPE) [51].

3.3
3.3.1

Related linguistic studies of dialects
New linguistic study of dialects

With the development of modern speech processing techniques, some new studies
of dialects are started. For example, the acoustic features of dialect utterances are
studied together with the articulatory features to ﬁnd the relationships among
these dialects. Generally speaking, the following acoustic features are always
focused: the ﬁrst several frequencies of the formants, the amplitude, the fundamental frequency and so on. The ﬁrst several frequencies of the formants,
generally the ﬁrst three formants, are mainly characterized by the vocal tract
shape and they are responsible for the major part of the information in speech.
The acoustic studies of dialects are mainly based on these acoustic features. The
amplitude and the fundamental frequency can be roughly taken as the pitch and
the loudness of speech. They also account for suprasegmental information like
stress and intonation. Sometimes, the length of phonemes and speed of the speech
are also studies.
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However, because diﬀerent speakers have diﬀerent vocal tract shapes and
mouth sizes and these features characterize the formants of speech, the frequencies of the formants of the same vowel are always diﬀerent to speakers. Especially
for the speakers of diﬀerent gender, the frequencies of their formants are quite
diﬀerent to each other. Fig 3.6 shows the frequencies of the ﬁrst formant and the
second formant of the 5 Japanese vowels. And about this ﬁgure, we can ﬁnd that
the formant frequencies of male and female speakers are quite diﬀerent. Therefore, vowel normalization is needed to compare the vowel realizations by diﬀerent
speakers in meaningful linguistic and sociolinguistic ways. Furthermore, for the
study of comparing the vowel realization of diﬀerent dialects, another target of
vowel normalization techniques should be achieved that it should tell how much
of the diﬀerences is aﬀected by the dialectal features and how much is aﬀected
by the physiological features of the speakers.

3.3.2

Vowel normalization techniques

When the phonetically equivalent vowels are produced by speakers of diﬀerent
genders, the formant frequencies are quite diﬀerent. Generally speaking, the
formant frequencies of adult female speakers are higher than those of adult male
speakers largely because the vocal tract of female speakers are much shorter than
male speakers. Therefore, vowel normalization is adopted to cancel such extralinguistic features caused by physiological diﬀerences among speakers.
In [52], several general goals of utilizing vowel normalization techniques to
eliminate the physiological diﬀerences among speakers are introduced: to preserve
the purely linguistic diﬀerences in vowel quality; to preserve the phonological distinctions among vowels; to model the cognitive processes of human listeners. For
sociolinguists and dialectologists, the last goal of modeling the cognitive processes of human listeners is the least important and preserving the phonological
distinctions among vowels is not very important either. Their main target is to
ﬁlter the extra-linguistic features caused by physiological diﬀerences to preserve
sociolinguistic, dialectal or cross-linguistic diﬀerences in vowel quality. It is very
similar to my study of classifying speakers based on the purely linguistic features
of their dialect pronunciations by removing the extra-linguistic features.
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1st Formant Frequency [kHz]

Figure 3.6: F1-F2 charts of Japanese vowels
According to the detailed techniques of vowel normalization, they fall into two
general groups: vowel-intrinsic and vowel extrinsic. The vowel-intrinsic method
always compare individual vowels using various combinations of formant values
(F1, F2, usually F3, and occasionally F4), F0 (the fundamental frequency), or
even formant bandwidths. [53] provided some useful history on vowel-intrinsic
methods. Vowel-extrinsic methods, on the other hand, compare formant values of
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diﬀerent vowels. [54] evaluated how well diﬀerent formulas matched impressionistic transcriptions and came down solidly in favor of vowel-extrinsic methods,
especially those by [55] and [56].
Meanwhile, the vowel normalization techniques can also be classiﬁed into two
groups: speaker-intrinsic and speaker-extrinsic. Speaker-intrinsic methods normalize the vowels of a single speaker and speaker-extrinsic methods normalize
the vowels of diﬀerent speakers. In speaker-extrinsic techniques, some known
properties such as the speaker’s average formant values across a large number of
vowels are always utilized for the normalization. For example, about the speakerextrinsic methods used by [2], the log mean normalization technique developed
by [56] is adopted and 134,000 vowels of 439 speakers are measured to derive the
uniform scaling factor for the log mean of all formants. Therefore, on the other
hand, this speaker-extrinsic method like that can not take account of any speaker
speciﬁc properties.

3.3.3

Some other related studies

Nowadays, there are also some researchers focusing on Chinese dialects. For
example, in the study of [57], they claim that although the formant frequencies
of the same vowel are diﬀerent to speakers, the relative positions of the vowels
in the acoustic vowel chart are steady. So they calculate the relative values of
the formant frequency and draw a vowel chart which is robust to the speaker
features. After the values of F1 and F2 are converted into Bark, B1 and B2 can
be obtained. Then using the new value, the following formulas are adopted to
calculate the relative values of F1 and F2,
V 1 = [(B1x − B1min)/(B1max − B1min)] × 100

(3.4)

V 2 = [(B2x − B2min)/(B2max − B2min)] × 100

(3.5)

Where the B1x, B2x means the current value, B1max and B1min means the
maximum and minimum value of B1x. Then using the new V 1 and V 2, a relative
vowel chart can be drawn. After that, the vowels of diﬀerent dialects can be
compared through the relative vowel chart. Meantime, as Chinese is a tonal
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language, they also proposed a method to calculate the relative F0 information
using
T = [(x − min)/(max − min)] × 5.
(3.6)
And this result is very similar with the traditional 5 level theory of Chinese tones.
There are also some researchers focusing on the relationships among Chinese dialects. By studying the traditional rhyme books like Qieyun (切韻) and
Guangyun (広韻), which are wrote during the period of time from 6th to 10th
century, some clues are found about the development of current Chinese dialects,
especially the phonological features. Meantime, for many dialect cities, the native
dialect data covering all the phonological inventories of that dialect are recorded.
Then by comparing the native dialectal utterances of the diﬀerent phonological
units like initials, ﬁnals and tones, the current phonological diﬀerence among
dialects are obtained. At last, according the results of the above studies, some
handbooks about Chinese dialects are published [58, 59] and some written characters covering most of the phonological diﬀerences among dialects are ﬁxed to be
used as the reading materials for checking the pronunciation of diﬀerent dialect
speakers.
In the study of [60], considering the relations between articulatory features and
acoustic features in vowel realizations and the fact that the articulatory features
are not aﬀected by physiological features of speakers, articulatory features are
used to calculate the distances between any pair of corresponding phonological
units and the phonological similarity between two Chinese dialects is calculated.
At the beginning, for every kind of phonological units, the diﬀerences between
two phonemes are classiﬁed into several diﬀerent levels according to some ﬁxed
articulatory features. Take the initials as example, the following articulatory
features are checked: the articulatory methods (stop, nasal, glide, liquid..), voiced
or unvoiced, fricative or not, aspirate or not, the articulatory organs, whether the
lips are used, whether they are retroﬂex consonants, the stop or aﬀricative position
and so on. About any two initials, the above articulatory features of them are
checked and a contrary degree between them is calculated by ﬁnding how many
kinds of the above articulatory features are diﬀerent to each other. Then the
contrary degree between two syllables can be obtained by summing the contrary
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degrees between their initials, ﬁnals and tones. At last, the similarities among
the dialects are calculated by the total contrary degrees of the corresponding
syllables.

3.4

Conclusion

In this chapter, some related works are introduced. First, the conventional framework of Automatic Speech Recognition (ASR) system and how to extract the
acoustic features and build acoustic models are introduced. Then some related
works about multi-dialects processing are introduced. After that, some related
linguistic studies of eliminating extra-linguistic features caused by physiological
diﬀerence among speakers using vowel normalization are introduced and some
related linguistic analysis of Chinese dialects are presented at last.
About my study of classifying speakers based on their dialect pronunciations,
the methods introduced above may not works in this problem. For example, if we
try to apply the method of building dialect-dependent but speaker-independent
acoustic models to dialect-based speaker classiﬁcation, we must build several
dozens of dialect or sub-dialect models and collect the data of many speakers
from the same dialect regions. It will be a very challenging work and this approach will also conﬂict with the goal of ﬁnding the intra-dialect relations among
speakers, because two Chinese speakers of the same dialect may be speakers from
diﬀerent sub-dialect regions. Therefore, in my study, a new structural pronunciation representation of Chinese dialects is proposed to extract the purely linguistic
features to classify speakers based on their dialects.
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Chapter 4
Structural representation of
Chinese dialects
4.1

Introduction

In this chapter, how to build Chinese dialect pronunciation structures and how to
calculate the distances between two structures are introduced. After the segmental features of speech are represented by spectrum, the extra-linguistic features
in speech can be modeled as aﬃne transformations. Then, for every speaker,
by calculating the Bhattacharyya Distances (BDs) between any pair of his/her
utterances, pronunciation structure can be built. Because BD is invariant to
aﬃne transformations, the built structure is invariant to extra-linguistic features
in speech. After that, how to build comparable dialect pronunciation structures
is also introduced. According to the studies of some linguists who are focusing
on Chinese dialects, some lists of characters covering the dialect diﬀerences are
ﬁxed to check the dialect of diﬀerent speakers. Then using these lists as reading
materials, comparable dialect structures are built. At last, how to calculate the
distances between two comparable structures is introduced.
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4.2

Mathematical model of extra-linguistic features

In modern speech processing techniques, the segmental feature of speech is always represented by spectrum and it contains not only linguistic feature, but
also extra-linguistic features corresponding to age, gender, microphone, recording background and so on. However, for the problem of dialect-based speaker
classiﬁcation, only linguistic features are needed and the extra-linguistic features
should be canceled or removed.
In fact, after speech is represented by spectrum, the extra-linguistic features
can be classiﬁed into three kinds according to the distortions they cause in spectral space: additive distortion, convolutional distortion and linear distortion. The
additive distortion is always caused by extra-linguistic features such as background noises. As this kind of features can be avoided by changing the recording
environment, we just focus the next two kinds extra-linguistic features. The convolutional distortions are always caused by extra-linguistic features like recording
microphone and transmission lines. Sometimes, the vocal tract shapers of speakers also cause a convolutional distortion in spectral space. The vocal tract length
is a typical reason of linear transformational distortion, which is already shown
by [61].
If a speech event is represented by a cepstrum vector c, the convolutional
distortion can be represented as addition of another vector b and changes c into
c′ = c + b. Meanwhile, the linear transformational distortion is modeled as
frequency warping of the log spectrum and changes c into c′ = Ac. So the total distortions caused by inevitable extra-linguistic features can be modeled by
c′ = Ac + b, known as aﬃne transformation. These distortions can be schematized by Fig. 4.1, where the horizontal and vertical distortions correspond to the
distortions due to matrix A and vector b, respectively.

4.3

Speaker-invariant dialect structures

The spectral distortions caused by extra-linguistic features can be modeled as
aﬃne transformations. So if we can build an acoustic structure which is invariant
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Horizontal
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Vertical
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Frequency
Figure 4.1: Spectral distortions caused by matix A and vector b
to aﬃne transformations, it will be invariant to extra-linguistic features. In [24], it
is proved that Bhattacharyya Distance (BD) is invariant to aﬃne transformations.
Then, we can use BD to build pronunciation structure and it is invariant to extralinguistic features.
Here, every speech event is captured as a distribution (pi (c)) and event-toevent distances are calculated as Bhattacharyya Distance (BD).
I q
BD(pi (c), pj (c)) = − ln
pi (c)pj (c)dc,
(4.1)
By calculating BDs between any pair of speech events, a distance matrix can be
obtained. Since a distance matrix can represent uniquely a geometrical shape
composed of all the speech events, we call the matrix a pronunciation structure
of these speech events. And because BD is invariant with respect to aﬃne transformations, the obtained pronunciation structure is invariant to extra-linguistic
features.
Fig. 4.2 shows an example of the invariant underlying structure among three
sets of speech events. Any set of the events are obtained by aﬃne transform of
either of the other two sets. This means that the BD-based distance matrix is
invariant and common among the three sets. So if the pronunciation structures
are built separately from two speakers of the same dialect, structural diﬀerence
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between them is small. If they are built from a single speaker who can speak
diﬀerent dialects, the diﬀerence will be large but it is independent of age and
gender.

Figure 4.2: The invariant underlying structure among three data sets

4.4

Comparable dialect pronunciation structures

In order to analyze the pronunciation of speakers from diﬀerent dialects using
structural representation, comparable dialect structures have to be built for these
speakers using their dialectal utterances of the same set of linguistic units. Considering that there are many grammatical and lexical diﬀerences among Chinese
dialects, syllable or smaller phonological units can be a good choice. However,
although all Chinese dialects are sharing the same phonological structures, the
inventories of their phonological units change from dialect to dialect, so phonemebased pronunciation structures cannot be built. Then considering that all the
Chinese dialects are sharing the same written characters and every character is
pronounced as a mono-syllable, the utterances of syllable units (characters) become the best choice to build the pronunciation structure for dialect comparison.
After the characters become the best choice of reading materials to build the
comparable dialect pronunciation structures, the problem becomes how to select
the characters. In fact, for diﬀerent purposes, diﬀerent characters can be selected
to build diﬀerent comparable pronunciation structures. For example, in order to
analyze the pronunciation of diﬀerent dialect speakers, the characters covering the
dialectal diﬀerences can be adopted, and in order to assess the accented Mandarin
pronunciation of dialect speakers, the characters which are easily mispronounced
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can be adopted. Then with the pronunciation structures built using these data,
the pronunciation of these speakers can be analyzed and assessed purely on their
linguistic features which are invariant with extra-linguistic factors.
Recently, some dialectologists are focusing on the relationships among Chinese
dialects by their phonological features. For example, using the dialectal utterances of the same written characters, the initial/ﬁnal units of diﬀerent dialects
are listed and their phonetic features are compared. As a result, the relations of
these units between Mandarin and other dialects are often shown. In [19], all the
initial/ﬁnal units in diﬀerent dialects and their corresponding ones in Mandarin
are listed together with some characters as examples. And in [58, 59], some speciﬁc lists of written characters are proposed to check the phonological diﬀerences
among dialects. For example, in the latter one, three diﬀerent lists of written
characters are ﬁxed for checking the dialectal features of tones, initials and ﬁnals,
separately. Therefore, using these lists, diﬀerent comparable dialect pronunciation structures can be built to check these diﬀerent features among dialects.

4.5

Distances between pronunciation structures

After the dialect pronunciation structures are built for the speakers, the distance between the dialects of any two speakers can be calculated as the distance
between their pronunciation structures. In [62], it is shown theoretically and
experimentally that the vocal tract length diﬀerences rotates the pronunciation
structure. So here, the distance between two structures is obtained after one is
shifted (+b) and rotated (×A) until the best overlap is observed between them,
which is shown in Fig. 4.3. Then with the best overlap after shift and rotation,
the distance between two structures is calculated as the minimum sum of the distances between the corresponding two events of the two structures. In [21], it was
experimentally proved that the minimum sum can be approximately calculated
as Euclidean distance between two distance matrices. Following is the detailed
computing formula:
s
1 X
D1 (S, T ) =
(Sij − Tij )2 ,
(4.2)
M i<j
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where Sij and Tij mean the (i, j) element of matrices S and T , respectively. M
means the number of the speech events.

S1
S5
T1

S2
S4

T2

O

T5
S3
T3

T4

Figure 4.3: Distance calculation after shift and rotation

4.6

Conclusion

In this chapter, the extra-linguistic features contained in speech are classiﬁed by
their spectral behaviors and the distortions caused by inevitable extra-linguistic
features are modeled as aﬃne transformations mathematically. Then using the
aﬃne-invariant feature of BD, a dialect pronunciation structure is built for every
speaker by calculating the BDs between any pair of his/her utterances and it is
invariant to extra-linguistic features. After that, I introduced how to select the
proper reading materials to build comparable dialect pronunciations and how to
calculate the distance between two structures.
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Chapter 5
Speaker classiﬁcation based on
dialects
5.1

Introduction

In this chapter, a dialect-based speaker classiﬁcation experiment using structural
method is carried out and the result shows that Chinese dialect speakers can be
classiﬁed based on their dialects using the structural representation of dialect pronunciations to extract the purely dialectal features. At the beginning, as publicly
available Chinese dialect corpora cover only two or three dialects and cannot be
used for my purpose, some recordings are carried out and the data of 18 Chinese
dialect speakers are recorded. Then every syllable is taken as a speech event
and calculated as a distribution. After that, for every speaker, Bhattacharyya
Distance (BD) between any two speech events is calculated and the dialect pronunciation structure is built. Then these speakers are classiﬁed based on their
dialects by calculating the distances between their dialect pronunciation structures. At last, the result shows that the speakers are well classiﬁed by their
dialects and it is robust to speaker features.

32

5.2 Experimental data of dialects

5.2
5.2.1

Experimental data of dialects
Chinese dialect corpora

Nowadays, many researchers are focusing on the study of Chinese dialects and
some dialect corpora are built. However, most of their studies are about only one
or two dialects such as Cantonese, Shanghainese and these corpora cannot be used
in our problem of dialect-based speaker classiﬁcation. About the corpora covering
diﬀerent dialects, they are mainly built for the studies of some linguists and the
reading materials, the recording environments are always diﬀerent. Therefore,
these corpora cannot be used in speech processing like our problem either and we
have to record some new data of multi-dialects using the same reading materials.
Table 5.1: Detailed information of the dialect speakers
Speaker ID
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18

Dialect
Kejia
Kejia
Yue
Yue
Yue
Yue
Yue
Min
Min
Min
Wu
Wu
Wu
Wu
Wu
Wu
Wu
Wu

Hometown Gender
DaBo
M
ShenZhen
F
FoShan
M
MeiXian
F
HongKong
M
HongKong
F
ShenZhen
F
ZhangZhou
M
FuZhou
F
JiJiang
M
ShangHai
M
ShangHai
M
ShangHai
M
ShangHai
F
ShaoXing
M
NingBo
M
YiXing
M
SuZhou
F
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5.2.2

Recording subjects

For this experiment, the recordings were carried out in Japan and 18 Chinese
dialect speakers participated in the recordings. They were all graduate students
in the University of Tokyo. The language backgrounds of these speakers were all
checked to ensure that they and their parents were all born and brought up in
the same dialect regions except one female speaker. Her parents are both native
Hakka speakers and they moved to a Cantonese region when she was 10 years
old. Therefore, she has mastered two dialects, Hakka and Cantonese, and her
utterances of these two dialects have diﬀerent linguistic features but the same
speaker feature. In Table 5.1, more details like the hometowns and the genders of
the speakers are listed together with their corresponding speaker IDs. The colors
mean diﬀerent dialect regions. The above mentioned female speaker has two
speaker IDs, 02 and 07, which stand for her Hakka and Cantonese, respectively.

5.2.3

Reading materials and recording

For this experiment, 38 characters, which are covering all the 38 ﬁnals in Mandarin, were selected as the reading materials. These characters and their corresponding syllables of Mandarin are listed in Table 5.2.
Table 5.2: Selected characters and their pronunciations in Mandarin
辣、架、蛇、落、野、
月、資、知、耳、第、虚、

Characters

木、北、桂、桃、薬、流、
三、根、温、林、減、園、
隣、党、講、東、瓮、瓊

Mandarin
Pronunciation

/bi/,/ci/,/shi/,/er/,/wu/,/yü/,/a/,/bo/,/e/,
/ai/,/bei/,/zao/,/rou/,/zuo/,/ya/,/wa/,/bie/,
/yue/,/uai/,/dui/,/yao/,/niu/,/an/,/yan/,/wan/,
/juan/,/en/,/bin/,/wen/,/jun/,/ang/,/yang/,
/wang/,/beng/,/bing/,/weng/,/zong/,/yong/
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Table 5.3: Acoustic analysis condition
Sampling
Windows
Parameters
Distribution

16bit / 16kHz
Blackman, 25ms length, 1ms shift
Mel-cepstrum, 1-10 Dimensions
Diagonal Gaussian estimated with MAP

The recordings were carried out in a sound proof room, so the data are all
expected to be clean. Before the recordings, the reading materials were checked by
the speakers to ensure they can read them in their native dialects correctly. The
recording equipments included a high quality microphone ﬁxed on the table, a
linear PCM recorder of Sony company. The data was recorded as monophony and
the sample rate is 44 kHz. The speakers were asked to read the selected characters
in their native dialects and each character was read four times. After that, every
syllable was labeled manually according to their spectral performances. Every
syllable is cut and stored into individual ﬁles. Then, these data were analyzed
under the acoustic conditions shown in Table 5.3. Each speech event (ﬁnal or
syllable) was modeled as a diagonal Gaussian distribution and the parameter
estimation was done for Gaussian modeling using Maximum A Posteriori (MAP)
criterion.

5.3

Pronunciation structures shown by phonetic
trees

In Mandarin, there are 9 monophthong ﬁnals and these ﬁnals are covered by the
ﬁrst 9 selected characters of Table 5.2. Using the recorded data, monophthong
pronunciation structure can be built for every speaker after the ﬁnal parts of
his/her utterances of these 9 characters are cut and calculated as distributions. At
the beginning, the utterances of these characters are labeled to ﬁnals. Then after
every ﬁnal part is cut and modeled as a single Gaussian individually, the BDs of
every pair of monophthongs are calculated for each speaker and the monophthong
pronunciation structure is built. At last, the monophthong structure, the distance
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matrix of the monophthongs, can be visualized as a tree diagram using Ward’s
clustering method [63].
Fig. 5.1 shows the phonetic trees of three Cantonese speakers of 03, 05 and
06. Speaker 03 is a male from FoShan, speaker 05 is a male from HongKong, and
speaker 06 is a female from HongKong, too. In the ﬁgures, the nodes are the
IPA symbols of the 9 monophthongs in Mandarin which represent the utterances
of the monophthongs of every speaker. Then by the results, we can see that
the phonetic trees of speaker 03 and 05 are structurally very similar but slightly
diﬀerent. Locally speaking, a diﬀerence between È and uO in 03 is larger than
in 05. Globally speaking, they are very similar considering that the mirrored
position of the two sub-trees can be ignored in tree diagrams. Meanwhile, we can
see the phonetic trees of speaker 05 and 06 are almost the same although they are
diﬀerent gender. It is because they are from the same city and their dialects are
supposed to be the same. So the results show the phonetic trees of these speakers,
the monophthong pronunciation structures, are sensitive to dialectal information
and highly independent of genders.

5.4

Dialect-based classiﬁcation experiment

In Fig. 5.1, the structures are obtained using the monophthong ﬁnals of the dialect syllable utterances. In fact, more dialectal features can be found by syllablebased analysis, where syllable-to-syllable distances have to be calculated. There
are two methods to calculate this distance. One method is that a whole syllable is modeled as a Gaussian, just as in building the monophthong structures,
each monophthong segment was modeled as Gaussian. Another is that a syllable is modeled as a sequence of a ﬁxed number of distributions, such as HMM.
Syllable-to-syllable distance is obtained as summation of distances between the
corresponding distributions. Since these Chinese syllables are all very short, the
ﬁrst method is adopted to built the syllable pronunciation structures.
Using the syllable parts of the recorded data, every syllable is calculated as
a distribution. Then for every speaker, dialect pronunciation structure is built
by the BDs between any pair of distributions of that speaker. After that, the
distance between two structures is calculated using the method in last chapter
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and the speakers are classiﬁed based the distances. At last, the classiﬁcation
result is shown by Fig. 5.2 using Ward’s clustering method. In this ﬁgure, every
speaker is represented by the speaker ID in Table 5.1 and the colors of the dialect
regions are also the same.
In Fig. 5.2, we can ﬁnd that the speakers from the same dialect regions are
clustered together and the speakers from the same sub-dialect regions are also
clustered near to each other. For example, speakers 11-14 from ShangHai are
classiﬁed together and speakers 15-18 from diﬀerent cities of Wu dialect region
are classiﬁed near to speaker 11-14. About the other speakers, speakers from Min,
Yue and Kejia dialects regions, are clustered in the other big tree. The result also
shows high independence of extra-linguistic factors such as the genders of the
speakers. For example, as described before, 02 and 07 represent diﬀerent dialects
of the same speaker and they are classiﬁed into their corresponding dialect groups
correctly, not be classiﬁed into the same group. So, the result shows that using
the pronunciation structures, the dialect speakers can be well classiﬁed by their
dialects and which is highly independent of ages and genders of speakers.

5.5

Conclusion

Dialect-based speaker classiﬁcation experiments are introduced in this chapter
and the results show that the structural method can classify speakers based on
their dialects by extracting the linguistic features. After the data of 18 native
Chinese dialect speakers are recorded, their monophthong pronunciation structures are built and shown by phonetic trees. Then by the distances between their
pronunciation structures, classiﬁcation experiment of these speakers is carried
out. All the results show that our structural method works well in dialect-based
speaker classiﬁcation and it is highly independent of extra-linguistic features like
speaker features.
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Figure 5.1: Phonetic trees of three Cantonese speakers
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Figure 5.2: Classiﬁcation of the dialect speakers
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Chapter 6
Speaker classiﬁcation based on
sub-dialects
6.1

Introduction

In last chapter, it is shown that the structural representation of pronunciation can
extract the purely linguistic features from Chinese dialects and classify speakers
based on their dialects. However, that experiment was carried out using the
data of speakers from several major dialect regions which are quite diﬀerent to
each other. Therefore, some comments may be given that this task of classifying
speakers based on their major dialects is too easy.
In this chapter, the structural method is veriﬁed by a new sub-dialect-based
speaker classiﬁcation experiment. After the data of 16 speakers from 4 sub-dialect
regions of Mandarin are recorded in China, sub-dialect based speaker classiﬁcation
experiment is carried out by building sub-dialect structures to extract the purely
linguistic features. After that, the classiﬁcation experiment is carried out and
the speakers are classiﬁed based on the sub-sub-dialects of their hometowns. The
results show that the speakers can be well classiﬁed based on their sub-dialect or
sub-sub-dialects.
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Table 6.1: Detailed information of the speakers
Speaker ID
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16

6.2

Sub-Dialect
XiNan
XiNan
XiNan
XiNan
JiLu
JiLu
JiLu
JiLu
BeiFang
BeiFang
BeiFang
BeiFang
JiaoLiao
JiaoLiao
JiaoLiao
JiaoLiao

Hometown Gender
ChengDu
F
ChengDu
F
ChengDu
M
ChengDu
F
ShangQiu
F
ShangQiu
F
YuZhou
F
YuZhou
F
TianJin
F
TianJin
M
TianJin
F
TianJin
M
YanTai
F
WeiHai
F
RuShan
F
RongChen
F

Experimental data of Mandarin sub-dialects

For the new experiment of classifying speakers based on their sub-dialects, I
went back to China and recorded some data of Mandarin sub-dialects. The
recording was carried out in Nankai University in Tianjin, China. The recording
subjects are 16 speakers who are from 8 cities belonging to 4 sub-dialect regions
of Mandarin. These speakers were selected after their language backgrounds
were checked to ensure they were brought up in the same sub-dialect regions
and their parents were also the native speakers of that sub-dialect. They are
mainly graduate students in that university and have no background of other
dialects or sub-dialects before entering the university. Here, every speaker was
given a speaker ID and some other information of these speakers can be found in
Table 6.1.
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Table 6.2: Examples of selected characters
爬, 辣, 架, 夾, 花,
Characters
刮, 河, 色,..., 瓊, 胸
/pa/, /la/, /jia/, /jia/, /hua/,
Syllables
/gua/, /he/, /se/, ..., /qiong/, /xiong/
/a/, /a/, /ia/, /ia/, /ua/,
Finals
/ua/, /e/, /e/, ..., /iong/, /iong/

For this experiment, more than one hundred characters were adopted as the
reading material in order to build the sub-dialect sensitive pronunciation structures. Some examples of these characters and their corresponding syllables and
ﬁnals are listed in Table 6.2. The recordings were carried out in a quite room.
The recording equipments included a high quality microphone ﬁxed on the table,
a linear PCM recorder of Sony company. The data was recorded as monophony
and the sample rate is 44 kHz. During the recording, every speaker was asked to
read the selected characters in their native sub-dialects three times.
After the recording, the data was labeled phonetically and manually by linguistic students. Then the ﬁnal part of every syllable was modeled as a single
Gaussian distribution under the acoustic conditions shown in Table 5.3 and the
pronunciation structure for every speaker was calculated using the BDs between
any pair corresponding ﬁnals.

6.3

Sub-dialect based speaker classiﬁcation

After the sub-dialect pronunciation structure is built for every speaker, these
speakers can be classiﬁed by calculating the distances between their pronunciation
structures. The result is shown by Fig. 6.1, while the ID of every node is the same
as that in Table 6.1 and the colors mean diﬀerent sub-dialect regions.
In this ﬁgure, we can ﬁnd that the speakers are mainly classiﬁed by their subdialects and the speakers from the same city are all classiﬁed together. Speakers
01-04, who are from XiNan sub-dialect region of Mandarin, are grouped together
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in a sub-tree. The speakers 09-12 and 13-16, who are from BeiFang and JiaoLiao sub-dialect regions, are clustered to two sub-trees respectively. But for the
speakers from JiLu sub-dialect region, although speakers 05-06 from YuZhou and
speakers 07-08 from ShangQiu are still grouped near to each other separately,
they are ﬁnally clustered into diﬀerent sub-trees. Speakers 05-06 are clustered
near to the BeiFang sub-dialect region and speakers 07-08 are clustered near to
the JiaoLiao sub-dialect region. In fact, these three big sub-dialect regions of
Mandarin are not only very near to each other geographically, but also very near
to each other linguistically [19]. And according to [19] and [20], the phonological diﬀerences among these sub-dialects regions of Mandarin are mainly based on
the following three features: the tones, the pronunciation of alveolar initials (/n/,
/l/, /z/, /c/, /s/), the pronunciation of retroﬂex initials (/zh/, /ch/, /sh/, /r/)
and pronunciation of ﬁnals nasal with coda (/ng/, /n/). But in this experiment,
only the ﬁnals are adopted and their pronunciation of the ﬁnals with nasal coda
are generally the same in these three sub-dialect regions. Meanwhile, it is also
considered as a reason that the sub-dialects of these speakers are aﬀected more or
less by other sub-dialects, because these speakers have been in the university, the
sub-dialect region of BeiFang, for several years. Further, the sub-dialect regions
of the speakers are obtained by traditional linguistics and the linguistic distances
of dialects are diﬀerent to the acoustic distances used in our experiment, which
is also considered as a possible reason. Anyway, none of these reasons can be
proved, so new comparison experiments are designed in the next chapter. About
the result of this experiment, totally speaking, these speakers are mainly classiﬁed by their sub-dialects and speakers from the same cities are all classiﬁed near
to each other.

6.4

Sub-sub-dialect based speaker classiﬁcation

By last experiment, it is shows that speakers are mainly classiﬁed based on their
sub-dialects by building the sub-dialect pronunciation structures to extract the
dialectal features from their pronunciations. Then here, I will show wether the
structure method can be applied to calculating the sub-dialect distances among
hometowns of the speakers.
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Figure 6.1: Sub-dialect-based speaker classiﬁcation
Strictly speaking, although two cities belong to the same sub-dialect region,
the pronunciations are somewhat diﬀerent to each other. Here, the 8 hometowns
of the 4 sub-dialects are considered to stand for 8 sub-sub-dialects. Then by building the pronunciation structure through averaging the structures of the speakers
belonging to the same sub-sub-dialects (hometowns), the inter-town distances are
calculated and hometown based classiﬁcation is obtained. The result of this experiment is shown in Fig. 6.2, where every hometown is represented by the ﬁrst
two letters of their names. Referring to the dialect maps published by Chinese
Academy of Social Sciences [28], further information on the sub-sub-dialects spoken in these cities can be obtained. The four cities (RC, RS, WH, YT) belong
to the same sub-sub-dialect region, YZ and SQ belong to two diﬀerent sub-subdialect regions, CD and TJ belong to diﬀerent sub-dialects. Although we are
only focusing on the acoustic features of ﬁnals, our results are similar to what
is described in linguistic studies. If more data are adopted and more dialectal
features (initials and tones) are considered together, a good measurement of the
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Figure 6.2: Sub-dialect-based speaker classiﬁcation
acoustic distances among dialects can be obtained and it could be a good and
objective proof of the study of linguists.

6.5

Conclusion

In this chapter, two classiﬁcation experiments are carried out using sub-dialect
data of Mandarin and the results show the structural method can extract the linguistic features from dialect pronunciations and classify speakers based on their
dialects or sub-dialects. For the experiments, new data of 16 sub-dialect speakers
of Mandarin are recorded in China. Then sub-dialect-based speaker classiﬁcation experiment is carried out through building the sub-dialect pronunciation
structures and the result shows that speakers are mainly classiﬁed based on their
sub-dialects. After that, sub-sub-dialect based classiﬁcation is carried out by calculating the distances between the sub-dialects among the hometowns and the
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result shows that the speakers can be well classiﬁed based on the dialects of their
hometowns. In brief, all the experiments prove that our method can also work
well in sub-dialect-based speaker classiﬁcation.
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Chapter 7
Veriﬁcation of speaker-invariance
using data of minimum speaker
diﬀerences
7.1

Introduction

In last two chapters, dialect-based speaker classiﬁcation experiment and subdialect-based speaker classiﬁcation experiment are carried out and the results
show that the structural pronunciation representation can extract the purely
linguistic features and classify speakers based on their dialects or sub-dialects.
However, about the result of sub-dialect-based speaker classiﬁcation experiment,
although the speakers from the same cities are all classiﬁed near to each other,
speakers from BeiFang sub-dialect region are not classiﬁed together. After that,
three possible reasons are given for it. Firstly, only the ﬁnals of the syllables
are used in this experiment, but the initials are also considered as a very important factor in the linguistic classiﬁcation of sub-dialects. Secondly, as the
speakers are all graduate students and had been in BeiFang sub-dialect region for
several years, their sub-dialect pronunciations may be already aﬀected by other
sub-dialects more or less. Thirdly, our classiﬁcation experiment is carried out
based on the acoustic features but some other features such as the articulatory,
historical features of the dialects are also focused on in the traditional linguistic
classiﬁcation. Anyway, none of the above reasons can be proved, so we designed
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the following comparison experiments to prove that it is not the problem of our
method.
In this chapter, two classiﬁcation experiments are designed to prove that the
structural method can classify speakers based on their dialects by extracting the
speaker-invariant features. At the beginning, the data of 19 speakers from 10 different sub-dialect regions of 5 major dialect regions are recorded and dialect-based
speaker classiﬁcation experiment is carried out. Then a dialectologist mimicked
the original data linguistically in her own voice and a new data set with minimum speaker diﬀerences is obtained. After that, a new classiﬁcation experiment
is carried out using the new mimicked data and the result is very similar to the
result of above experiment. It means our structural method can classify speakers
based on their results by extracting the speaker-invariant linguistic features.

7.2
7.2.1

Experiment design and data
Design of the experiments

In order to verify the speaker-invariance of our structural method, two comparison
experiments are designed. First, using the dialect or sub-dialect data spoken by
diﬀerent speakers, a dialect-based speaker classiﬁcation experiment can be carried
out. Then if a new data set of multiple dialects with ﬁxed speaker identity can
be obtained, a similar classiﬁcation experiment can be carried out and the result
can be compared with the above one. If these two results are the same or very
similar to each other, we can say that the speaker-invariance of our method is
proved because the classiﬁcation with ﬁxed speaker identity will give us an ideal
result of dialect classiﬁcation.

7.2.2

Original dialect data

For this experiment, some new recordings were carried out at the NanKai University, China. 19 speakers joined our recordings. They belong to 10 diﬀerent
sub-dialect regions from 5 general dialect regions. Every speaker is given a speaker
ID for the following experiments, and more information of them can be found in
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Table 7.1: Detailed information
ID Dialect Sub-dialect
M1
Min
QuanZhang
M2
Min
QuanZhang
M3
Min
QuanZhang
M4
Min
QuanZhang
Y1
Yue
GuangFu
Y2
Yue
GuangFu
Y3
Yue
GuangFu
Y4
Yue
GuangFu
H1 Hakka
NingLong
H2 Hakka
YuGui
H3 Hakka
TongGu
H4 Hakka
TongGu
X1
Xiang
LouShao
X2
Xiang
ChangYi
X3
Xiang
LouShao
X4
Xiang
ChangYi
G1
Gan
GuangChang
G2
Gan
LiYang
G3
Gan
GeYang

of the dialect speakers
Hometown Gender
JiJang
F
XiaMen
F
QuanZhou
F
XiaMen
M
FoShan
M
GuangZhou
F
FoShan
F
GuangZhou
F
GanZhou
M
XiuShui
M
TongGu
F
TongGu
F
JiShou
F
Xiangtan
F
ShaoYang
F
Xiangtan
F
FuZhou
F
ShangGao
F
LePing
F

Table 7.1. The recording materials were a list of written characters in [59], which
is used for checking the ﬁnals among diﬀerent dialects by Chinese dialectologists.
Some examples of these characters and the corresponding syllables and ﬁnals are
listed in Table 6.2.
The recordings were carried out in quiet rooms with a supervisor. The recording equipments included a high quality microphone ﬁxed on the table, a linear
PCM recorder of Sony company. The data was recorded as monophony and the
sample rate is 44 kHz. During the recording, every speaker was asked to read the
selected characters in their native dialects three times. After the recording, the
data was labeled phonetically and manually by students of linguistics. The ﬁnal
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part of every syllable was modeled as a single Gaussian distribution under the
acoustic conditions shown in Table 5.3 and the pronunciation structure for every
speaker was built.

7.2.3

Linguistically mimicked data

If there is a Chinese dialectologist who can speak all these dialects, he/she can
repeat the recorded utterances linguistically and which will gives us a new data
set with a constant speaker identity. In fact, nobody can speak all the Chinese
dialects. However, an experienced dialectologist can label the dialect data with
IPA symbols and then read every transcript by looking at the symbols and listening to the original utterance at the same time. Then a new data set with constant
speaker identity can be obtained. At last, a dialectologist from the Institute of
Linguistics, Chinese Academy of Social Sciences ﬁnished this challenging work.
At the beginning, every syllable of the original data was transcribed to initial/ﬁnal using IPA symbols. Then in a sound proof room, she read every syllable
in her own voice according to the linguistic content after listening to the original
utterance. After the recording, the new data set was checked at least twice by
diﬀerent linguists. By listening to the original utterance and the corresponding
new one, the new mimicked utterance was ensured to be linguistically the same
as the original one. Fig. 8.3 shows the spectrums of the original utterance of one
syllable and the mimicked version. By this ﬁgure, we can ﬁnd that the spectral
features of the original data and the mimicked version are quite diﬀerent.

Figure 7.1: Spectrums of the original and mimicked data
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At last, the new mimicked data was also labeled phonetically by students of
linguistics. Then the ﬁnal part of every syllable was modeled as a single Gaussian
distribution under the acoustic conditions shown in Table 5.3. After that, for
every speaker, the BDs between any pair of distributions were calculated and the
dialect pronunciation structure was built.



Y = Yue

M = Min

G = Gan X = Xiang

H = Hakka



G1 G2 H1 H3 H4 H2 X2 X4 G3 X1 X3 Y1 Y4 Y2 Y3 M2 M4 M1 M3

Figure 7.2: Result using the original dialect data

7.3

Comparison of the experimental results

After the pronunciation structures were built for the speakers, dialect-based
speaker classiﬁcation can be achieved by calculating the distances between their
pronunciation structures. Using the original data spoken by diﬀerent speakers,
the distances between their dialects are obtained by calculating the distances between their structures and the classiﬁcation result is shown in Fig. 7.2. Then
using the mimicked data with constant speaker identity, similar experiment is

51

7.3 Comparison of the experimental results

carried out and the result is shown in Fig. 7.3. In both the ﬁgures, the structure
of every speaker is represented by the speaker ID in Table 7.1 and diﬀerent colors
show diﬀerent dialect regions.



Y = Yue

M = Min

G = Gan X = Xiang

H = Hakka



Y1 Y2 Y3 Y4 M2 M4 M1 M3 G1 G2 H1 H3 H4 H2 X2 X4 G3 X1 X3

Figure 7.3: Result using the new mimicked data
In Fig. 7.2, we can focus on the speakers from Yue and Min dialect regions
ﬁrst, who are classiﬁed into a sub-tree on the right of this ﬁgure. Further, the
speakers from Yue dialect and those from Min dialect are clustered to their subsub-trees. Meanwhile, about speakers from Hakka, Gan and Xiang, after checking
the sub-dialect information of them in Table 7.1, we are able to determine the
speakers from the same sub-dialect regions are all classiﬁed near to each other in
the result. But looking at speakers G3 and H2, we have to admit that they are
not completely clustered into diﬀerent sub-sub-trees by their dialects.
In fact, the dialect regions of Hakka, Gan and Min are very near to each other
geographically, genetically, phonologically. It is found that several sub-dialect
regions of Hakka are located at the middle of Gan dialect region and the Xiang
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dialect regions are also very close to Gan dialect region geographically [28]. And
about speaker G3 and H2, their data were checked by a dialectologist before she
knew the result of this experiment. She found that the dialects of G3 and H2
were most diﬀerent to other Gan speakers and Hakka speakers, respectively, and
their three times’ pronunciations of some characters were not very steady.
In Fig. 7.3, we can ﬁnd that all speakers are classiﬁed into four large sub-trees:
speakers from Yue and Min are classiﬁed into their individual sub-trees; speakers
from Xiang are also classiﬁed into a sub-tree and speaker H2, G3 are also classiﬁed
into this sub-tree as well; the left two Gan speakers and three Hakka speakers are
clustered into a large sub-tree, which itself has two sub-sub-trees corresponding
to Gan and Hakka separately.
By comparing the above two experimental results, it is found that they are
very similar to each other. And only focusing on the Gan, Hakka and Xiang
speakers, which is shown Fig. 7.4, we can ﬁnd their positions are exactly the
same. However, the positions of speakers Y2, Y3 and Y4 are somewhat diﬀerent
in the two results. In fact, this clustering tree is obtained using Ward’s bottomup method and the height means how diﬀerent are the two groups. And in the
results, it can found that both of the sub-trees of Yue speakers are very low and
it means the their pronunciation are very similar to each other. Therefore, this
diﬀerence between the two results is acceptable. So totally speaking, our method
can extract the purely linguistic features by canceling the features of speaker
diﬀerences.

7.4

Conclusion

In this chapter, two comparison experiments are carried out and the speakerinvariant feature of the structural method is proved. At the beginning, the dialect data of 19 speakers are recorded and dialect-based speaker classiﬁcation
experiment is carried out using the structural method. Then corresponding to
the original data, a dialectologist mimicked them linguistically and a new data
set with constant speaker identity are built. After that, a similar classiﬁcation
experiment is carried out using this new data data. By the results of the two
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G = Gan X = Xiang

G1 G2 H1 H3 H4 H2 X2 X4 G3 X1 X3

H = Hakka

G1 G2 H1 H3 H4 H2 X2 X4 G3 X1 X3

Figure 7.4: Comparison of the classiﬁcation of Gan, Hakka and Xiang speakers
experiments, it is found that they are very similar to each other and the speakerinvariant feature of the structural method is proved.
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Chapter 8
Comparison with spectral
classiﬁcation using data of
maximum speaker diﬀerences
8.1

Introduction

In last chapter, the speaker-invariance of dialect-based speaker classiﬁcation using
structural method is veriﬁed by two comparison experiments. At the beginning,
dialect-based speaker classiﬁcation experiment is carried out using original dialect
data spoken by 19 speakers. Then a new classiﬁcation experiment is carried out
using this new data set with minimum speaker diﬀerences. As these two results
are very similar to each other, the speaker-invariance of our method is proved.
In this chapter, the structural method of dialect-based speaker classiﬁcation is
compared with the conventional method which is based on spectral comparison of
speech events. At the beginning, corresponding to the original data and mimicked
data in last chapter, data sets with maximum speaker diﬀerences are created using
high-quality voice morphing techniques. Then using these data, classiﬁcation
experiments based on spectral comparisons are carried out. The results show that
the classiﬁcations are aﬀected greatly by the speaker features. After that, using
these data, classiﬁcation experiments are carried out using our structural method
and the results show that these speakers are well classiﬁed by their dialects and
it is not aﬀected by the speaker diﬀerences. So our method is proved that unlike
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the conventional spectral comparison, it can extract the purely linguistic features
and classify speakers based on their dialects.

8.2
8.2.1

Simulated data of tall and short speakers
Original and mimicked dialect data

For the following experiments, the original dialect data and the mimicked data
introduced in last chapter are used here. The original dialect data includes the
dialect data of 19 native dialect speakers who are from 10 diﬀerent sub-dialect
regions belonging to 5 major dialect regions (Min, Yue, Hakka, Xiang, Gan).
The recording materials were more than 100 written characters in [59], which are
used for checking the ﬁnals among diﬀerent dialects by Chinese dialectologists.
During the recording, every character was read three times. Then corresponding
to the original data pronounced by diﬀerent dialect speakers, every utterance was
mimicked linguistically by one dialectologist in her own voice. So the mimicked
data is a data set of multiply dialects but ﬁxed speaker feature.

8.2.2

Data simulation using frequency warping

It is known that the vocal tract length of speaker is an important extra-linguistic
feature and rotates a utterance trajectory in the cepstrum space [62]. Generally
speaking, tall speaker always has long vocal tract, short speaker always has short
vocal tract and the formants of utterances of speakers with long vocal tracts are
lower than those of speakers with short vocal tracts. Using a frequency warping
function, the utterances can be converted as if they are produced by the same
speaker but with a much longer or shorter vocal tract. Frequency warping is
characterized in the cepstral domain by multiplying c by matrix A (={aij }).
1
aij =
(j − 1)!
×

j
X
m=max(0,j−i)

µ ¶
j
m

(m + i − 1)!
(−1)(m+i−j) α(2m+i−j)
(m + i − j)!
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(8.1)
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where |α| ≤ 1.0, m0 = max(0, j − i), and
µ ¶ (
j
j Cm
=
m
0

(j ≥ m)
(j < m).

When α < 0, formants are modiﬁed to be lower and the vocal tract length
longer. Otherwise, when α > 0, formants are transformed to be higher and
the vocal
shorter. And when the absolute value of α is bigger, the
図 tract length
全域通過フィルタによる周波数ウォーピング
modiﬁcation of the formants are bigger, which can be shown by Fig. 8.1.
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Figure 8.1: Relation between formants warping and α

The relation between the vocal tract length and the warping parameter α can
be shown by Fig. 8.2. Here, considering the height of the world tallest adult
and shortest adult, the original dialect and mimicked data were converted into a
shorter version with α = 0.2 and a taller version with α = −0.2 using STRAIGHT
[64]. The simulated data with α = 0.2 sound like pronounced by a person with
1.3 times longer vocal tract, while the simulated data with α = −0.2 sound
like pronounced by a person with 0.7 times shorter vocal tract. Fig. 8.3 shows
the spectrums of the same syllable produced by a Cantonese speaker and his
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two simulated versions. From left to right is the pseudo short speaker, original
speaker and tall speaker.

= +0.5
= +0.25

= ! 0.25

図

8.3

全域通過フィルタによる周波数ウォーピング
Figure 8.2: Relation between vocal tract length and α
Spectral classiﬁcation using simulated data

In order to compare the dialect pronunciations of diﬀerent speakers using our
structural method, the distances between their pronunciation structures are calculated using the following formula:
s
D1 (S, T ) =

1 X
(Sij − Tij )2 .
M i<j

(8.2)

FiS is utterance i of speaker S and FiT is utterance i of speaker T . M means the
number of the ﬁnals. In fact, in the conventional acoustic matching framework
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(a): Short speaker

(b): Original speaker

(c): Tall speaker
Figure 8.3: Spectrums of short and tall speakers
such as DTW, for any pair of speech events, spectrums are directly compared
between them. So if one want to calculate the distances between the dialects
of two speakers based on the spectral comparison, the following formula can be
used:
s
1 X
D2 (S, T ) =
BD(FiS , FiT ).
(8.3)
M i
Using the original dialect data and the simulated versions, a classiﬁcation

59

8.4 Structural classiﬁcation using simulated data

experiment is carried out by calculating the spectral distances between them
using formula D2 . The result is shown by Fig. 8.4. The speaker IDs and the
colors are the same meanings as they are in Table 7.1, while the ID with top bar
means the simulated taller speaker and ID with under bar means the simulated
shorter speaker. In this ﬁgure, speakers are classiﬁed into three big sub-trees
according to their heights. It is found that in each sub-tree, the classiﬁcation is
aﬀected by the speaker features and speakers are not classiﬁed by their dialects
at all.
Then using the new mimicked data and the simulated versions, a classiﬁcation
experiment like above one is carried out and the result is shown by Fig. 8.5. The
speaker IDs and the colors are the same meanings as they are in Fig. 8.4. Then
by this ﬁgure, it is found that the speakers are also classiﬁed into three big subtrees according to their heights. But in each sub-tree, the speakers from the
same dialect regions are mainly classiﬁed near to each other, not like they are in
Fig. 8.4. It is because that this result is carried out using the mimicked data and
the speaker diﬀerences are already removed manually.

8.4

Structural classiﬁcation using simulated data

Using the original dialect data and the simulated taller and shorter versions,
dialect pronunciation structures are built and speakers are classiﬁed based on the
distances between them. The result is shown by Fig. 8.6. After that, using the
mimicked data and the simulated taller and shorter version, a similar experiment
is carried out and the result is shown in Fig. 8.7. In both the results, the speaker
IDs and the colors are the same meanings as they are in Table 7.1, while the ID
with top bar means the simulated taller speakers and one with under bar means
the simulated shorter speakers.
In Fig. 8.6, we can see that all the speakers are classiﬁed by their dialects
and the result is not aﬀected by the heights of the speakers. Every speaker and
his/her simulated taller and shorter versions are all classiﬁed near to each other,
because the dialectal features of their utterances are the same. In this result, all
the speakers are classiﬁed into four sub-trees. Yue and Min speakers are classiﬁed
into their individual sub-trees. Speakers from Xiang are classiﬁed into a sub-tree
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and speakers H2, G3 are also classiﬁed into this sub-tree as well. The left two Gan
speakers, G1 and G2, and three Hakka speakers, H1, H3 and H4, are clustered
into a sub-tree and they have two sub-sub-trees corresponding to Gan and Hakka
separately. If we just focus on the dialects of the speakers, we can ﬁnd this
classiﬁcation result is exactly the same as the result in Fig. 7.2 which is obtained
only using the original dialect data.
Fig. 8.7 is obtained using the mimicked data and the simulated versions. The
mimicked data has the constant speaker identity. The speaker features of the
simulated versions are quite diﬀerent to each other. In Fig. 8.7, it is found again
that all the speakers are classiﬁed by their dialects and the simulated speakers
are all classiﬁed near to the corresponding original ones separately: Yue and Min
speakers are classiﬁed into a sub-tree; Xiang speakers are classiﬁed into a sub-tree
together with G3 and H3; The left Gan and Hakka speakers are classiﬁed into
one sub-tree.
The above two results using experimental data with quite diﬀerent speaker features show that we can ﬁnd the structural method still work very well. Speakers
are classiﬁed by their dialects and the results are not aﬀected by speaker features
at all. By comparing these results with the results obtained in last section, it
is further proved that unlike the classiﬁcation using conventional spectral comparison, our structural method can extract the purely speaker-invariant dialect
features from speech.
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Figure 8.4: Speaker classiﬁcation based on spectral comparison using the simulated data of the original data
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Figure 8.5: Speaker classiﬁcation based on spectral comparison using the simulated data of the mimicked data
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Figure 8.6: Speaker classiﬁcation based on structural comparison using the simulated data of the original data
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Figure 8.7: Speaker classiﬁcation based on structural comparison using the simulated data of the mimicked data
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8.5 Conclusion

8.5

Conclusion

In this chapter, the structural method of dialect-based speaker classiﬁcation is
compared with the conventional classiﬁcation method based on spectral comparison using dialect data with maximum speaker diﬀerences. At the beginning,
corresponding to the original dialect data and mimicked data, new data sets
with maximum speaker diﬀerences are created using high-quality voice morphing
techniques. Then using these data, classiﬁcation experiments based on spectral comparisons and structural comparisons are carried out and the results show
that unlike the method of spectral comparison, the structural method can classify
these speakers based on their dialects by extracting the speaker-invariant purely
linguistic features.
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Chapter 9
More applications of the
structural method
9.1

Introduction

Through the above chapters, it is proved by several diﬀerent experiments that the
structural representation of Chinese dialects can classify speakers based on their
dialects or sub-dialects by extracting the purely linguistic features from speech
after removing the extra-linguistic features like speaker features. At the beginning, using some dialect data and sub-dialect data, two experiments, dialect-based
speaker classiﬁcation experiment and sub-dialect-based speaker classiﬁcation experiment, are carried out using our structural method separately and the results
show that these speakers can be well classiﬁed by their dialects or sub-dialects.
After that, comparison classiﬁcation experiments are carried out using the original dialect data spoken by diﬀerent speakers and the corresponding linguistically
mimicked data with constant speaker identity separately. As the ﬁnal results
are almost the same to each other, our method is proved that it is invariant to
speaker features. At last, our structural method is compared with the conventional method of spectral comparison using dialect data with maximum speaker
diﬀerences. Using a frequency warping function, data set with maximum speaker
diﬀerences are converted as if they are produced by the same speaker but with a
much longer or shorter vocal tract. The result of the spectral comparison shows
that the classiﬁcation is aﬀected by speaker features greatly and the speakers
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are mainly classiﬁed by their heights, while our structural method can classify
speakers based on their dialects and it is independent to the speakers features.
In this chapter, the structural method is further applied to several diﬀerent applications and several preliminary experiments are carried out. At the beginning,
for every speaker, his/her dialect utterances are compared with the corresponding
standard Mandarin utterances and a similarity order between these utterances
can be obtained. By the results, it is found that the similarity orders of the speakers from the same regions are very similar. Further, we try to apply this method
method to pronunciation assessment of accented Mandarin. At the beginning,
every accented Mandarin is given a structural score using the structural method.
And these utterances are evaluated manually by trained Mandarin speakers and
a manual evaluated score is given. Also, these utterances are evaluated by a Mandarin recognizer and another score is given. At last, the results of these three
evaluation methods are compared and the results are discussed.

9.2
9.2.1

Estimation of utterances similarity orders
Comparison of individual utterances

About the dialect-based speaker classiﬁcation experiments, the dialects of different speakers are compared by calculating the distances between their whole
dialect pronunciation structures. In fact, this procedure can be decomposed into
the comparison of individual utterances using the following formula:
d(A, B, v) =

X

|Avi − Bvi |,

(9.1)

v

where A and B mean the matrices of two compared pronunciation structures, v
means the utterance to be compared. If we take A as the pronunciation structure
of a dialect speaker and B as the pronunciation structure of a standard Mandarin
speaker, the utterance of the largest d means this utterance is the most diﬀerent one comparing all the utterances of this dialect speaker with the standard
Mandarin speaker. The utterance of the smallest d means this utterances is the
most similar one comparing the utterances of these two speakers. Then using
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this method, the utterances of diﬀerent dialect speakers can be compared with
standard Mandarin speaker and the similarity orders can be obtained.

9.2.2

Similarity estimating experiments

For this experiment of estimating the similarity orders of utterances, the data of
four speakers are adopted. One is a male Min dialect speaker, one is a female
Min dialect speaker, one is a male standard Mandarin speaker and the last one is
a female standard Mandarin speaker. The recording materials are the characters
in Table. 9.1. During the recording, every character was read three times. After
that, the recording data was labeled manually and the syllable part was cut. Then
the distribution is calculated for every syllable and the pronunciation structure is
built for every speaker using the BDs. After that, the pronunciation structures of
the Min dialect speakers are compared with the standard Mandarin speakers and
the utterance similarity orders between them can be calculated using d(A, B, v).
Table 9.1: Selected characters for dialect pronunciation assessment
辣、架、蛇、落、野、
月、資、知、耳、第、虚、

Characters

木、北、桂、桃、薬、流、
三、根、温、林、減、園、
隣、党、講、東、瓮、瓊

Syllables

/la/,/jia/,/she/,/luo/,/ye/,
/yue/,/zi/,/zhi/,/er/,/di/,/xu/,
/mu/,/bei/,/gui/,/tao/,/yao/,/liu/,
/san/,/gen/,/wen/,/lin/,/jian/,/yuan/,
/lin/,/dang/,/jiang/,/dong/,/weng/,/qiong/

After the utterance similarity orders between the Min dialect speakers and the
standard Mandarin speakers are calculated, they can be shown by the following
ﬁgures: Fig. 9.1 shows the utterance similarity order between the female Min
dialect speaker and the female Mandarin speaker. Fig. 9.2 shows the similarity
order of the utterances between the male Min dialect speaker and the female
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Mandarin speaker. Fig. 9.3 shows the similarity order of the utterances between
the female Min dialect speaker and the male Mandarin speaker. Fig. 9.4 shows
the similarity order of the utterances between the male Min dialect speaker and
the male Mandarin speaker. In all these ﬁgures, the X-axis means the utterances
and the Y-axis represents d of the utterances. From left to right on the X-axis, d is
reducing. It means the dissimilarity between the dialect utterances and Mandarin
utterances are reducing.
By comparing these ﬁgures, it is found the utterance similarity orders between
Min dialect speakers and Mandarin speakers are very similar to each other. For
example, by the results shown in Fig. 9.1 and Fig. 9.2, which are obtained by
comparing the utterances of two Min dialect speakers of diﬀerent genders with
one female Mandarin speaker, it is found the ﬁrst several characters and the last
several characters are the same. So it means the dialect utterances of these two
Min speakers are very similar to each other. In fact, these two Min speakers are
born and brought up at the same city and their utterances of these characters
are supposed to be very similar to each other. Then by comparing Fig. 9.3
with Fig. 9.4, which are obtained by comparing the utterances of the two Min
dialect speakers with the male Mandarin speaker, very similar conclusion can be
obtained. And by comparing these results together, some common features can be
found. For example, the utterances of the six red characters /辣, 林, 耳, 桂, 資, 知/
are all located at the left edge in all the results. It means the Min pronunciation
of these characters are very diﬀerent to their Mandarin pronunciations. Further,
this result also show high independent to extra-linguistic features, such as the
gender of the speakers. So, this method can be applied to comparing the dialect
utterances of any speaker with the standard Mandarin utterances and the result
is not aﬀected by extra-linguistic features.
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辣林耳桂資知架北月木落根瓊蛇虚減第温東瓮講薬隣党野流桃園三

Figure 9.1: Utterance similarity order between a female Min speaker and a female Mandarin speaker
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辣耳桂林知月資第木東架瓊講蛇根落瓮減北党隣虚桃園薬野温三流

Figure 9.2: Utterance similarity order between a male Min speaker and the female Mandarin speaker
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知林耳桂北辣資架月第虚根減東木党落隣温薬瓊講蛇瓮桃野流三園

Figure 9.3: Utterance similarity order between a female Min speaker and a male Mandarin speaker
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知林耳辣桂第北東架資木減瓮根講野蛇虚隣瓊月桃落薬党温流三園

Figure 9.4: Utterance similarity order between a male Min speaker and a male Mandarin speaker
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9.3 Accented Mandarin assessment

9.3
9.3.1

Accented Mandarin assessment
Structural evaluation score

In last section, the structural method is applied to calculating the utterance similarity between dialect speaker and standard Mandarin speaker. In this section,
this structural method is further applied to pronunciation assessment of accented
Mandarin. Using the accented Mandarin pronunciations of dialect speakers, new
pronunciation structures can be built. Then these pronunciation structures can
be compared with a standard Mandarin structure and a structural evaluation
score can be calculated for individual utterances using d(A, B, v).
In order to verify this proposal by experiment, new accented Mandarin data
were recorded. For the speakers in Table 7.1, their accented Mandarin pronunciations were recorded together with the data of four standard Mandarin speakers.
They were asked to read the characters used in Section 7.2.2 and some examples
of them are shown by Table 6.2. The recordings were carried out in a quiet room
in China. After that, the data was labeled manually and the ﬁnal parts were
analyzed under the acoustic conditions in Table 5.3. Each ﬁnal was modeled
as a diagonal Gaussian distribution and the parameter estimation was done for
Gaussian modeling using MAP (Maximum A Posteriori) criterion. Then for the
accented Mandarin and standard Mandarin speakers, their pronunciation structures are built. After that, the utterance of every accented Mandarin speaker
is compared to standard Mandarin and the related distance is calculated as the
structural score using d(A, B, v).

9.3.2

Manual evaluation score

Meanwhile, all the accented Mandarin utterance was evaluated manually by the
staﬀs in iFlytek1 and their daily job is Mandarin pronunciation assessment. After
the utterances are listened by the staﬀs, the initial, ﬁnal and tone of every syllable
utterances is rated by 0,1 and 2. 0 means the pronunciation is correct, 2 means
the pronunciation is completely wrong and 1 means the pronunciation has a ﬂaw.
And for every speaker, the numbers of the utterances rated by score 1 and 2 are
1

http://www.iﬂytek.com
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Figure 9.5: Numbers of utterances evaluated with score 1 and 2
shown by Fig. 9.5, the numbers of the utterances rated by score 1 are shown by
Fig. 9.6 and the utterance numbers of score 2 are shown by Fig. 9.7. In these
ﬁgures, the blue bars mean the numbers of initials, green bars mean the numbers
of ﬁnals and orange bars mean the numbers of tones. So by comparing these
ﬁgures, it is found that accented Mandarin pronunciation of these speakers are
quite diﬀerent. The Mandarin pronunciation of speaker Y2, G2, G3, X4 are
better that other speakers, totally speaking. Then focus on Fig. 9.6, the numbers
of utterances having a ﬂaw, it is found many speakers made some mistakes about
the tones, less mistake are made about the initials, the least is the ﬁnals. About
Fig. 9.7, it is found that the numbers are mainly less than the pronunciations
with ﬂaw in Fig. 9.6. Some pronunciations of several speakers are completely
wrong, such as speaker Y3 , H3, H4, G1.

9.3.3

Compare with manual evaluation scores

Here, for every utterance, the manual evaluation score is compared with the structural evaluation score. After the accented Mandarin pronunciation structure is
built for every speaker, his/her utterances are compared with the correspond-
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Figure 9.6: Numbers of utterances evaluated with score 1

Figure 9.7: Numbers of utterances evaluated with score 2
ing utterances of one standard Mandarin speaker using the d(A, B, v). Then a
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Figure 9.8: Distribution of structure distances (Score 0)
structural score vector can be obtained by the following formula
V (A, B) = (d(A, B, v1 ), d(A, B, v2 ), ..., d(A, B, vn )).

(9.2)

A means the structure of accented Mandarin speaker, B means the structure of
standard Mandarin speaker, v means the utterance and n means the total number
of the utterance events. For every accented Mandarin speaker, his/her utterance
structure is compared with four standard Mandarin speakers and four structural
score vectors are obtained. After that, these structural score vectors are connected and a large vector Vs is obtained. Then, using the corresponding manual
evaluated scores (0, 1, 2), a large manual evaluated score vector Vm is obtained.
The correlation coeﬃcient between these two scores are calculated as 0.17. After
that, several normalization techniques are used to calculate the correlation coefﬁcient between these two scores. For example, an average structural score vector
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Figure 9.9: Distribution of structure distances (Score 1)
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Figure 9.10: Distribution of structure distances (Score 2)
is calculated for every accented Mandarin speaker using the structural vectors
obtained by the comparison with four standard Mandarin speakers. The new
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correlation coeﬃcients between these two averaged evaluation scores are about
0.20 and it is not so satisfactory. After that, a diﬀerent method is adopted to
show the relationship of these two scores. The ﬁnals are selected separately by
the manual evaluated score 0,1,2. Then the corresponding structural scores for
these ﬁnals are shown by Fig. 9.8, Fig. 9.9 and Fig. 9.10 together with their mean.
The X-axis means structural score and the Y-axis means the utterance numbers.
By comparing these three ﬁgures, the mean structural scores of Fig. 9.10 is higher
that Fig. 9.9 and which is higher than Fig. 9.8. So it means that wrong utterances
get higher structural evaluation scores, just as we supposed.

9.3.4

Compare with results of speech recognition

In fact, about the above manual evaluation of the accented Mandarin utterances,
the scores may be diﬀerent to diﬀerent listeners. So another method is designed to
verify our proposal of structural evaluation. At the beginning, a phoneme based
HMM is trained and a standard Mandarin recognizer is built. Then the accented
Mandarin utterances are recognized. The recognition rate for every speaker is
shown by Fig. 9.11. In this ﬁgure, the blue bars mean the recognition rates of
the accented Mandarin. Then by comparing this ﬁgure with Fig. 9.5, we can ﬁnd
that the speakers get low scores in Fig. 9.5 mainly get high recognition rate in
Fig. 9.11, such as Y2, M3, G2 and so on.

9.3.5

Pronunciation assessment using sub-structure

In fact, the pronunciation structures of accented Mandarin used above are built
with pronunciations of more than 100 characters. Because these utterances are
selected trying to cover the phonological diﬀerences among all the dialects, many
of their accented Mandarin utterances are very similar to each other. So the BDs
between these utterances are very short and many edges of the built structures
are very short. Then when this structure is compared with the structures of
standard Mandarin, the calculated related distances for some utterances are not
very accurate. In order to avoid this problem, sub-structures are built by reducing
the size of these structures using utterance selections.
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Figure 9.11: Recognition rate of accented Mandarin and Mandarin
Fig.9.12 shows how to build sub-structures to represent the accented Mandarin pronunciation of speakers and the procedures is the same as [65]. After
the pronunciation structure is built for accented Mandarin speaker and standard Mandarin speaker using BDs among their utterances, sub-structure can be
extracted by selecting a sub-set of their utterances. Then the accented Mandarin pronunciation can be assessed by comparing its sub-structures with the
sub-structure of standard Mandarin speaker.
Using the utterance of 19 accented Mandarin speakers and standard Mandarin speaker, the following experiments are carried out. At the beginning, substructure is built by adding utterances and the adding sequence is ﬁxed using
cross validation with 18 speakers for training and one left speaker for testing.
Then a new structural evaluation score is given for every utterance and a score
vector is obtained for all the utterances of this sub-structure. After that, the
correlation coeﬃcient between this structural score vector and the corresponding
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Figure 9.12: Procedure of extracting sub-structure
manual evaluation score vector is calculated and the result is shown by Fig.9.13.
After that, sub-structure is built by deleting utterances from the structures together with the same cross validation. Then by comparing the new structural
scores with the manual evaluation scores, the result in Fig.9.14 is obtained. In
both the ﬁgures, X-axis means the number of added or deleted utterances and
Y-axis means the correlation coeﬃcient with the manual evaluated scores. And
the line means the averaged correlation coeﬃcient of all the speakers, the dot line
means the correlation coeﬃcient of two selected speakers.
About the averaged correlation coeﬃcients in Fig.9.13, we can ﬁnd that at
the beginning, the result is a kind of over-ﬁtting, then the result is raising and
it begins to fall at last. The best steady result is about 0.3 when about 50
utterances are selected to build the structure. And about the selected speaker,
the same trend can be found. In Fig.9.14, which is obtained when utterances was
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Figure 9.13: Building the sub-structures by adding utterances
deleted from the structures one by one, it is found that the averaged correlation
coeﬃcient is raising at the beginning and turns to over-ﬁtting at the end. About
the selected speaker, the same trend can also be found. Ant the best result is
about 0.4 when 60 utterances are used to built the structures.

9.4

Conclusion

In this chapter, the structural method is applied to estimating the utterance similarity orders of dialects and pronunciation assessment of accented Mandarin. At
the beginning, the dialect pronunciation structures can be built for dialect speakers. Then their dialect utterances can be compared with the pronunciation of
standard Mandarin speakers using structural method and the utterance similar-
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Figure 9.14: Building the sub-structures by deleting utterances
ity orders can be estimated. After that, experiments are also carried out using
the dialect data of 2 Min speakers of diﬀerent genders and the data of 2 standard
Mandarin speakers of diﬀerent genders. The results show that very similar similarity orders are obtained for the dialect speakers from the same region and the
result is robust to the genders of the speakers. After that, the structural method
is applied to accented Mandarin pronunciation assessment. At the beginning, the
pronunciation structures of accented Mandarin are built and compared with the
structures of standard Mandarin. Then a structural score is obtained for every
utterance. After that, these utterances are evaluated manually and the manual
evaluated sores are compared with the structural scores. Meanwhile, the structural scores are also compared with the result of recognized with a new built
Mandarin recognizer. Then the correlation coeﬃcients between these scores are
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calculated and the results are not very satisfactory. Considering the structures are
built with some utterances that are very similar to each others, sub-structures are
extracted to assess the accented Mandarin pronunciations. By adding or deleting utterances to built sub-structures, the pronunciations of accented Mandarin
speakers are compared with the pronunciation of standard Mandarin speakers
and the best correlation coeﬃcient is obtained at about 0.4.
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Chapter 10
Conclusions
10.1

Introduction

This thesis has investigated Chinese dialects analysis using structural pronunciation representation. In particular, pronunciation structure is proposed to represent Chinese dialects to extract the purely linguistic features and these features
can be adopted to classify speakers based on their dialects and assess the pronunciations of diﬀerent dialect or accented Mandarin speakers.
In modern speech technologies, speech is also represented by spectrum and
which contains not only linguistic features but also extra-linguistic features like
the age, gender, speaker, recording microphone and so on. However, for the
problem of dialect-based speaker classiﬁcation, only the linguistic features are
needed and the extra-linguistic features should be removed. In order to solve
this problem, speaker-independent acoustic models are trained using the data
of many speakers and diﬀerent normalization and speaker adaptation techniques
are also needed in conventional speech recognition framework. And about the
related studies of some linguists, in order to extract the linguistic and sociolinguistic diﬀerences between vowels of diﬀerent speakers, diﬀerent normalization
techniques are always adopted. However, none of these methods can work well
for the problem of Chinese dialect-based speaker classiﬁcation. For this problem,
the linguistic features invariant to extra-linguistic factors should be extracted
from the dialect utterances of individual speakers.
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Current situation of Chinese dialects are very complicated. There are hundreds kinds of dialects in China and they are mainly classiﬁed into several big
dialect groups. Further, there are many diﬀerent sub-dialects for every dialect
group. Although these dialects are developed from the same root and inherited
many common features, they are still quite diﬀerent to each other grammatically,
lexically, phonologically and phonetically. Sometimes, even for speakers from
adjacent cities, their dialects are quite diﬀerent and they may have diﬃculties
in oral communication. Therefore, the method of building speaker-independent
acoustic models using the data of diﬀerent speakers can not work in our problem
of Chinese dialect-based speaker classiﬁcation, because it is very challenging to
collect enough sub-dialect data to build dozens of sub-dialect acoustic models for
one dialect region and the method of building sub-dialect models using the data
of many speakers conﬂict with our goal of extracting the intra-dialect relations
among speakers. Meanwhile, the linguistic method of vowel normalization also
cannot work here because the information like the dialects of the speakers are
needed for these normalization techniques but we don’t know that before the
dialect-based speaker classiﬁcation experiment.

10.2

Summary of my works

In my works, pronunciation structure is proposed to represent Chinese dialect
pronunciation and applied to dialect-based speaker classiﬁcation and pronunciation assessment. Then several diﬀerent classiﬁcation experiments are carried
out to prove that this method can extract the speaker-invariant purely linguistic
features and classify speakers based on their dialects. After that, this approach
is further proposed to be applied to calculating the utterance similarity orders
between dialect pronunciations and pronunciation assessment of accented Mandarin.
In order to prove my proposal, dialect-based speaker classiﬁcation experiment
is carried out at the beginning. As the publicly available corpora cannot used for
our problem, a new corpus of Chinese dialects is built with the dialect data of
17 dialect speakers. Then all the data are labeled manually and the ﬁnal parts
are converted into distributions. After that, for every speaker, the BDs between
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any pair of distributions are calculated and his/her pronunciation structure is
built. By calculating the distances between the pronunciation structures of the
speakers, they are classiﬁed based on their dialects and the result is independent
to features of speakers like the gender and age.
After that, sub-dialect based speaker classiﬁcation experiment is carried out.
A new corpus of sub-dialects is built with 16 speakers from 4 sub-dialects of Mandarin and the data is analyzed under the same acoustic condition like last experiment. Then sub-dialect pronunciation structures are built and these speakers
are classiﬁed by calculating the distances between their pronunciation structures.
The result shows the speakers are mainly classiﬁed by their sub-dialects with
one exception that 4 speakers from one same sub-dialect region are classiﬁed to
diﬀerent sub-trees. About the reasons for it, it is considered that these speakers
are from diﬀerent sub-sub-dialect regions and their sub-dialect may be aﬀected
by other sub-dialects that they are living. Meanwhile, the sub-dialect regions
of these speakers are obtained by traditional linguistic classiﬁcation, which is
not based on the acoustic features of dialect pronunciations like our structural
method.
Several comparison experiments are designed to prove that our method can
extract the speaker-invariant linguistic features from the pronunciations of Chinese dialect speakers, no matter which kind of dialects are they speaking. For
the new comparison experiments, a new corpus is built with the speakers from
10 sub-dialects of 5 dialect regions. Then corresponding to this corpus, every
utterance is mimicked linguistically by an expert of Chinese dialects and a new
corpus with minimum speaker diﬀerences is built. After that, using the original
and mimicked data, dialect-based speaker classiﬁcation experiments are carried
out. We ﬁnd the two results are almost the same as each other, although one is
obtained using the dialect data spoken by diﬀerent speakers and the other is obtained using the dialect data with ﬁxed speaker identity. So it means our method
is really invariant to speakers.
Also, our method of structural pronunciation comparison is compared with
conventional spectral comparison. At the beginning, corresponding to the original
and mimicked dialect data used above, new data are converted just like they are
pronounced by a very tall speaker and very short speaker and data sets with
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maximum speaker diﬀerences are built. Then using these data, classiﬁcation
experiments based on spectral comparisons are carried out. The results show that
the classiﬁcations are aﬀected greatly by the speaker features. After that, they
are classiﬁed using our structural method and the results show that these speakers
are well classiﬁed by their dialects and it is not aﬀected by the speaker diﬀerences.
So our method is proved again that it can classify speakers based on their dialects
by extracting the purely linguistic features and unlike the conventional spectral
comparison, the result is not aﬀected by feature of speakers.
At last, the structural method is applied to compare dialect pronunciations
and estimate the utterance similarity orders between any two speakers. Using
the dialect data of 2 Min speakers of diﬀerent genders and the data of 2 standard Mandarin speakers of diﬀerent genders, some experiments are carried out
to estimate the utterance similarity orders among them. The results show that
very similar similarity orders are obtained for the dialect speakers from the same
region and the result is robust to the genders of the speakers. Also, this structural method is applied to pronunciation assessment of accented Mandarin. At
the beginning, the pronunciation structures of accented Mandarin are built and
compared with the structures of standard Mandarin. Then a structural score is
obtained for every utterance. After that, these utterances are evaluated manually and the manual evaluated sores are compared with the structural scores.
Meanwhile, the structural scores are also compared with the recognition score obtained by a new built Mandarin recognizer. However, the correlation coeﬃcients
between these scores are not satisfactory, although some correlations can be found
by the results. So considering the reasons for it, sub-structures are built to assess
the accented Mandarin pronunciations. By adding or deleting utterances to built
sub-structures, the pronunciations of accented Mandarin speakers are compared
with standard Mandarin speakers and the best correlation coeﬃcient is obtained
at about 0.4.

10.3

Future works

As we already proved that the structural pronunciation representation can extract
the purely speaker features from Chinese dialects and speaker-invariant dialect-
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based classiﬁcation can be achieved, this approach can be applied to many future
works. For example, a dialect recognition system can be built by building the
dialect pronunciation structures for all the major dialect or sub-dialect and the
results can be further applied to speech recognition of diﬀerent dialects. Also, for
the linguists, this method can be used to calculate the acoustic distances between
any two dialects and a new atlas of Chinese dialect based on the acoustic features
of dialects can be built.
Furthermore, the structure method is already applied to estimating the utterance similarity orders between any two dialect speakers and pronunciation
assessment of accented Mandarin. About the estimation of the utterance similarity orders, as the speaker-invariance of this method is already proved, it can be
applied to ﬁnd the relationship between the individual utterance of diﬀerent dialects. About the experiment of pronunciation assessment of accented Mandarin,
only using the data of two standard Mandarin speakers to calculate the structural
scores and using 3 levels to evaluate the pronunciation manually, the correlation
coeﬃcient between them is got at about 0.4. I am thinking that if more data of
standard Mandarin are obtained and the manual evaluation is more accurately,
higher correlation coeﬃcient between these two scores would be obtained.
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