
音響音声学 
(Topics in Acoustic Phonetics)

峯松 信明 
工学系研究科電気系工学専攻

人文社会系研究科基礎文化研究専攻言語学専門分野



告 知 ～音響音声学の社会貢献～
東京大学五月祭にて研究室公開を行ないます。 
大学院入試説明会＠5/19（金） 
東京大学五月祭＠5/20, 21（土, 日） 
このうち，5/19, 5/21 で研究室公開を行なう予定です。 
5/19（金）恐らく15時～17時 
5/21（日）恐らく10時～16時 

デモンストレーション例 
日本語韻律読み上げチュータ 
英語シャドーイング自動評価 
世界諸英語の発音自動分類 
英語聴解能力向上のため音声変形 
音声からの調音運動推定 
音声からの女声度推定 
音声からの顔形状推定 峯松・齋藤研究室 

東大本郷キャンパス工学部2号館10階



峯松 信明＠東大 
日本音声学会音声学普及委員会

音声の音響分析の「いろは」 
～初めて音声波形を見る方へ：拡張版～



あ い う

まずは調音音声学から

下 前 後
口の構え

言語音声の分類：母音＋子音 
母音＝肺からの呼気流が妨害を受けずに発せられる言語音 
子音＝何らかの妨害を受けつつ発せられる言語音 
母音の生成と分類：どうすれば「あ」は「い」になる？ 

口の開き方（＝舌の高さ） 
舌の前後位置 
唇の丸めの有無

（提供：ATR人間情報科学研究所）



日本語とアメリカ英語の母音図
あ＝下，い＝前，う＝後
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あ＝下，い＝前，う＝後

ちなみに，スウェーデン語
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まずは調音音声学から

調音位置
調 
音 
様 
式

表示が対になっているものは，（無声，有声）の対となっている。 
生成が困難な調音位置，調音様式の組み合わせとなっている場合は網かけしている。

言語音声の分類：母音＋子音 
母音＝肺からの呼気流が妨害を受けずに発せられる言語音 
子音＝何らかの妨害を受けつつ発せられる言語音 
子音の生成と分類：どこで，どのように妨害する？ 
どこで＝調音位置，どのように＝調音様式



IPAが定める基本母音
音声学の分類 
調音音声学／音響音声学／聴覚音声学 
一般音声学／各言語の音声学（日本語音声学，米語音声学） 
言語非依存に音声現象を記述する 

基本母音（cardinal vowels） 
一般音声学が考える基本的な母音 
ある言語の母音ではない。理論的（人工的）に定義される母音 
舌の高低／舌の前後／唇の円唇性，の三要素により規定 
各言語／方言の母音を検討する際の，基準・参照用となる母音 

第一基本母音と第二基本母音 
Primary cardinal vowels & Secondary cardinal vowels



IPAが定める基本母音
第一次基本母音と第二次基本母音 
front & high と back & low を等分割 
円唇性を考慮して第一次と第二次へ 
正直，幾つかはかなり発音し難い？

（出展：牧野「日本人のための英語音声学レッスン」大修館書店）



Daniel Jones’ productions
YouTube より 
The Cardinal Vowels with Daniel Jones 
http://www.youtube.com/watch?v=6UIAe4p2I74

1,9 17,18 16,8

2,10 15,7

3,11 14,6

4,12 5,13

http://www.youtube.com/watch?v=6UIAe4p2I74


母音図に対するとある考察
母音図はどこまで「正確」なのか？ 
本来は声道（声の通り道）の隙間の形状が母音の音色を決定 
「舌の一番上の点」だけで，隙間形状は表現できるのか？ 
英語母音図の比較（by 五十嵐康男） 
その実際の姿はどうなっているのか？ 
http://www.seijo.ac.jp/graduate/gslit/orig/journal/english/
pdf/seng-37-01.pdf
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母音の違いと話者の違い
「母音の違い」も「話者の違い」も共振周波数の違い 
日本語５母音の第一・第二フォルマント周波数
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F1/F2-based vowel chart
F1/F2 と母音の対応 
http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/
filter.html

http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/filter.html
http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/filter.html


F1/F2-based vowel chart
F1/F2 と母音の対応 
http://www.ling.upenn.edu/courses/cogs501/
Hillenbrand.html
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Infants can also learn from distributional patterns in
language input after short-term exposure to phonetic
stimuli (FIG. 2).Maye and colleagues40 exposed 6- and 
8-month-old infants for about 2 min to 8 sounds that
formed a series (FIG. 2d). Infants were familiarized with
stimuli on the entire continuum,but experienced differ-
ent distributional frequencies. A ‘bimodal’ group heard
more frequent presentations of stimuli at the ends of the
continuum; a ‘unimodal’ group heard more frequent
presentations of stimuli from the middle of the contin-
uum. After familiarization, infants were tested using a
listening preference technique (FIG. 2e). The results sup-
ported the hypothesis that infants at this age are sensitive
to distributional patterns (FIG. 2f); infants in the bimodal
group discriminated the two sounds, whereas those in the
unimodal group did not. Further work on distributional
cues shows that infants learn the PHONOTACTIC PATTERNS of
language, rules that govern the sequences of phonemes
that can be used to compose words. By 9 months of age,
infants discriminate between phonetic sequences that
occur frequently and those that occur less frequently in
ambient language44. These findings show that statistical
learning involving distributional patterns in language
input assists language learning at the phonetic level in
infants.

Discovering words. The phonemes of English are used
to create about half a million words. Reading written
words that lack spaces between them gives some sense
of the task that infants face in identifying spoken
words (BOX 3). Without the spaces, printed words
merge and reading becomes difficult. Similarly,
although conversational speech provides some
acoustic breaks, these do not reliably signal word
boundaries. When we listen to another language, we
perceive the words as run together and spoken too
quickly. Without any obvious boundaries, how can an
infant discover where one word ends and another
begins? Field linguists have spent decades attempting to
identify the words used by speakers of a specific lan-
guage. Children learn implicitly. By 18 months of age,
75% of typically developing children understand about
150 words and can successfully produce 50 words45.

Computational approaches to words. Word segmentation
is also advanced by infants’ computational skills. Infants
are sensitive to the sequential probabilities between
adjacent syllables, which differ within and across word
boundaries. Consider the phrase ‘pretty baby’; among
English words, the probability that ‘ty’ will follow ‘pre’ is
higher than the probability that ‘bay’ will follow ‘ty’. If
infants are sensitive to adjacent transitional probabilities
in continuous speech, they might be able to parse speech
and discover that pretty is a potential word, even before
they understand its meaning.

Saffran and colleagues have shown how readily
infants use sequential probabilities to detect words46,
greatly advancing an initial study that indicated that
infants are sensitive to this kind of information. In the
initial study47, 8-month-old infants were presented with
three-syllable strings made up of the syllables ‘ko’, ‘ga’,

The results confirmed this prediction —the infants did
show a perceptual magnet effect for their native vowel
category (FIG. 2c).American infants perceptually grouped
the American vowel variants together, but treated the
Swedish vowels as less unified. Swedish infants reversed
the pattern,perceptually grouping the Swedish variants
more than the American vowel stimuli. The results were
assumed to reflect infants’ sensitivities to the distri-
butional properties of sounds in their language39.
Interestingly,monkeys did not show a prototype magnet
effect for vowels42, indicating that the effect in humans
was unique, and required linguistic experience.

FORMANT FREQUENCIES

Frequency bands in which
energy is highly concentrated in
speech. Formant locations for
each phonetic unit are distinct
and depend on vocal tract shape
and tongue position. Formants
are numbered from lowest
frequencies to highest: F1, F2
and so on.

Box 2 | Why is speech categorization difficult?

Phonemic categories are composed of finite sets of phonetic units. Phonetic units are
difficult to define physically because every utterance, even of the same phonetic unit, is
acoustically distinct. Different talkers, rates of speech and contexts all contribute to the
variability observed in speech.

Talker variability 
When different talkers produce the same phonetic unit, such as a simple vowel, the
acoustic results (FORMANT FREQUENCIES) vary widely. This is because of the variability in
vocal tract size and shape, and is especially different when men, women and children
produce the same phonetic unit. In the drawing, each ellipse represents an English vowel,
and each symbol within the circle represents one person’s production35.

Rate variability 
Slow speech results in different acoustic properties from faster speech, making physical
descriptions of phonetic units difficult22.

Context variability
The acoustic values of a phonetic unit change depending on the preceding and following
phonemes23.

These variations make it difficult to rely on absolute acoustic values to determine the
phonetic category of a particular speech sound. Despite all of these sources of variability,
infants perceive phonetic similarity across talkers, rates and contexts19–23. By contrast,
current computer speech-recognition systems cannot recognize phonetic similarity when
the talker, rate and context change24. Figure reproduced, with permission, from REF. 35 ©
(1995) Acoustical Society of America.
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F1/F2-based vowel chart
F1/F2 と母音の対応 
http://www.ling.upenn.edu/courses/cogs501/
Hillenbrand.html
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Infants can also learn from distributional patterns in
language input after short-term exposure to phonetic
stimuli (FIG. 2).Maye and colleagues40 exposed 6- and 
8-month-old infants for about 2 min to 8 sounds that
formed a series (FIG. 2d). Infants were familiarized with
stimuli on the entire continuum,but experienced differ-
ent distributional frequencies. A ‘bimodal’ group heard
more frequent presentations of stimuli at the ends of the
continuum; a ‘unimodal’ group heard more frequent
presentations of stimuli from the middle of the contin-
uum. After familiarization, infants were tested using a
listening preference technique (FIG. 2e). The results sup-
ported the hypothesis that infants at this age are sensitive
to distributional patterns (FIG. 2f); infants in the bimodal
group discriminated the two sounds, whereas those in the
unimodal group did not. Further work on distributional
cues shows that infants learn the PHONOTACTIC PATTERNS of
language, rules that govern the sequences of phonemes
that can be used to compose words. By 9 months of age,
infants discriminate between phonetic sequences that
occur frequently and those that occur less frequently in
ambient language44. These findings show that statistical
learning involving distributional patterns in language
input assists language learning at the phonetic level in
infants.

Discovering words. The phonemes of English are used
to create about half a million words. Reading written
words that lack spaces between them gives some sense
of the task that infants face in identifying spoken
words (BOX 3). Without the spaces, printed words
merge and reading becomes difficult. Similarly,
although conversational speech provides some
acoustic breaks, these do not reliably signal word
boundaries. When we listen to another language, we
perceive the words as run together and spoken too
quickly. Without any obvious boundaries, how can an
infant discover where one word ends and another
begins? Field linguists have spent decades attempting to
identify the words used by speakers of a specific lan-
guage. Children learn implicitly. By 18 months of age,
75% of typically developing children understand about
150 words and can successfully produce 50 words45.

Computational approaches to words. Word segmentation
is also advanced by infants’ computational skills. Infants
are sensitive to the sequential probabilities between
adjacent syllables, which differ within and across word
boundaries. Consider the phrase ‘pretty baby’; among
English words, the probability that ‘ty’ will follow ‘pre’ is
higher than the probability that ‘bay’ will follow ‘ty’. If
infants are sensitive to adjacent transitional probabilities
in continuous speech, they might be able to parse speech
and discover that pretty is a potential word, even before
they understand its meaning.

Saffran and colleagues have shown how readily
infants use sequential probabilities to detect words46,
greatly advancing an initial study that indicated that
infants are sensitive to this kind of information. In the
initial study47, 8-month-old infants were presented with
three-syllable strings made up of the syllables ‘ko’, ‘ga’,

The results confirmed this prediction —the infants did
show a perceptual magnet effect for their native vowel
category (FIG. 2c).American infants perceptually grouped
the American vowel variants together, but treated the
Swedish vowels as less unified. Swedish infants reversed
the pattern,perceptually grouping the Swedish variants
more than the American vowel stimuli. The results were
assumed to reflect infants’ sensitivities to the distri-
butional properties of sounds in their language39.
Interestingly,monkeys did not show a prototype magnet
effect for vowels42, indicating that the effect in humans
was unique, and required linguistic experience.

FORMANT FREQUENCIES

Frequency bands in which
energy is highly concentrated in
speech. Formant locations for
each phonetic unit are distinct
and depend on vocal tract shape
and tongue position. Formants
are numbered from lowest
frequencies to highest: F1, F2
and so on.

Box 2 | Why is speech categorization difficult?

Phonemic categories are composed of finite sets of phonetic units. Phonetic units are
difficult to define physically because every utterance, even of the same phonetic unit, is
acoustically distinct. Different talkers, rates of speech and contexts all contribute to the
variability observed in speech.

Talker variability 
When different talkers produce the same phonetic unit, such as a simple vowel, the
acoustic results (FORMANT FREQUENCIES) vary widely. This is because of the variability in
vocal tract size and shape, and is especially different when men, women and children
produce the same phonetic unit. In the drawing, each ellipse represents an English vowel,
and each symbol within the circle represents one person’s production35.

Rate variability 
Slow speech results in different acoustic properties from faster speech, making physical
descriptions of phonetic units difficult22.

Context variability
The acoustic values of a phonetic unit change depending on the preceding and following
phonemes23.

These variations make it difficult to rely on absolute acoustic values to determine the
phonetic category of a particular speech sound. Despite all of these sources of variability,
infants perceive phonetic similarity across talkers, rates and contexts19–23. By contrast,
current computer speech-recognition systems cannot recognize phonetic similarity when
the talker, rate and context change24. Figure reproduced, with permission, from REF. 35 ©
(1995) Acoustical Society of America.
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刺激そのものを知覚しているのではない？
音声（母音）の知覚ってこれと似ている？ 
http://wx4.sinaimg.cn/
mw690/8245bf01ly1ff9a6aqx7sg20dw09rdp4.gif

http://wx4.sinaimg.cn/mw690/8245bf01ly1ff9a6aqx7sg20dw09rdp4.gif
http://wx4.sinaimg.cn/mw690/8245bf01ly1ff9a6aqx7sg20dw09rdp4.gif


F1/F2-based vowel chart
方言による母音分布の違い 
Atlas of North American English 
声道長を正規化（17cm）にしてプロット

U
ç

AQ

E

I Williamsport, PA Chicago, IL Ann Arbor, MI Rochester, NY



声帯音源＋声道 ＝ ブザー＋管

（提供：ATR人間情報科学研究所）



声帯音源＋声道 ＝ ブザー＋管

（提供：ATR人間情報科学研究所）



音声波形とスペクトル（2/3）
ブザー（パルス列）→管→「あ～」

エネルギー配分に偏りが生じる 
この様子が管形状によって異なる 
エネルギーの局所的集中＝共鳴

＝



音源波形ってどんな形？
声帯が震えることで生じるブザーのような音

=

=
=



音声波形とスペクトル（2/3）
ブザー（パルス列）→管→「あ～」

エネルギー配分に偏りが生じる 
この様子が管形状によって異なる 
エネルギーの局所的集中＝共鳴

＝



本当の音声生成
実は「フラットな分布 → デコボコの分布」ではない

（出展：R. D. Kent「The Acoustic Analysis of Speech」Singular Pub Group 出版）



本当の音源波形
測定された音源波形 

音源波形を記述する各種パラメータ
http://www.ncvs.org/ncvs/
tutorials/voiceprod/tutorial/

graphing.html

http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/graphing.html
http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/graphing.html
http://www.ncvs.org/ncvs/tutorials/voiceprod/tutorial/graphing.html


何故ウソをつくのか？
ウソ・・・ではない。 
少しばかし数式を恒等的にいじっただけ。 
　　                              → 
　 
 

（出展：R. D. Kent「The Acoustic Analysis of Speech」Singular Pub Group 出版）



何故ウソをつくのか？
ウソ・・・ではない。 
少しばかし数式を恒等的にいじっただけ。 
　　                              → 
　 
 

（出展：R. D. Kent「The Acoustic Analysis of Speech」Singular Pub Group 出版）



音声波形とスペクトル（2/3）
ブザー（パルス列）→管→「あ～」



共振・共鳴現象と定常波・定在波
進行波と後退波（反射波）が重なると・・・ 
http://www.ne.jp/asahi/tokyo/nkgw/gakusyu/
gakusyuu.html

http://www.ne.jp/asahi/tokyo/nkgw/gakusyu/gakusyuu.html
http://www.ne.jp/asahi/tokyo/nkgw/gakusyu/gakusyuu.html


波形を分解する!!

T 秒間に 1 回振動

T 秒間に 2 回振動

T 秒間に 3 回振動

T 秒間に 4 回振動

T

1 秒間 1/T 回振動

1 秒間に 2/T 回振動

1 秒間に 3/T 回振動

1 秒間に 4/T 回振動

基本音

２倍音

３倍音

４倍音

基本音とその倍音の足合わせ 
波＝基本音＋２倍音＋３倍音＋・ 
n倍音：n倍の周波数のサイン波形 
周波数：振動回数／秒 [Hz] 

波＝これらを適切な強さにして足
しあわせた結果 
どの周波数のサイン波は強く，どの
周波数のサイン波は弱いのか？ 
横軸を周波数，縦軸を強度としてグ
ラフを書く → スペクトル 
通知表だってスペクトル !?1/T [Hz]

飛び飛びの場所で値を持つ8/T [Hz]



高校で物理を習った人へ
母音は波，でも，ちょっと特殊な波

定常波
共振周波数

Fn =
c

4l
(2n+ 1)



ビデオ教材
定常波の秘密（日本語版） 
監修：大槻義彦（早稲田大学理工学部教授） 
　　　小牧研一郎（東京大学大学院総合文化研究科教授） 
丸善出版株式会社 
素晴らしいサイエンスの世界（15） 
定常波とは、上下に振動するだけで波形が進行しない波、つまりエネ
ルギーを運ばない波です。楽器の奏でる音色は、全て定常波によるもの
なのです。また、定常波は形のあるものならどんなものにも発生する現
象です。定常波とはどういうものか、楽器（グラドニー図形）やビルの
模型、さらには不思議な「漢代魚洗鍋」の実験などを通して具体的に
解説します。原子中の電子波動の定常波にもふれます。 
http://pub.maruzen.co.jp/videosoft/shop/1122870.html

http://pub.maruzen.co.jp/videosoft/shop/1122870.html


ビデオ教材



高校で物理を習った人へ
母音は波，でも，ちょっと特殊な波

定常波
共振周波数フォルマント

Fn =
c

4l
(2n+ 1)



エネルギーの局所的集中＝共鳴

f =
c

2⇡


A2

A1l1l2

�1/2

fn =
c

2l1
n fn =

c

2l2
n

管の形状が共鳴の様子を決める 
音声の共振（共鳴）周波数を求めて 
＝フォルマント周波数

（出典：中川他「音声・聴覚と神経回路網モデル」オーム社）



告 知 ～音響音声学の社会貢献～
東京大学五月祭にて研究室公開を行ないます。 
大学院入試説明会＠5/19（金） 
東京大学五月祭＠5/20, 21（土, 日） 
このうち，5/19, 5/21 で研究室公開を行なう予定です。 
5/19（金）恐らく15時～17時 
5/21（日）恐らく10時～16時 

デモンストレーション例 
日本語韻律読み上げチュータ 
英語シャドーイング自動評価 
世界諸英語の発音自動分類 
英語聴解能力向上のため音声変形 
音声からの調音運動推定 
音声からの女声度推定 
音声からの顔形状推定 峯松・齋藤研究室 

東大本郷キャンパス工学部2号館10階


