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Speech Signal Representation
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Speech Signal Display

Time

i il ik
" ||‘,3v‘f‘}w|‘1|-‘ W-lul‘l‘uflﬂﬂ‘l‘hmm el il

E 3

L ”“'I MiH‘"‘ ..a‘I;'-‘-lmm.‘.,z jm‘j‘vﬂllg“,_

-3 -3
: 3
% €
S =
=

%fuf::“ Wl

w

Time-Frequency

1

1

:?T(

)
W’r.

,,
|

hu\w'

0 iy

.



Unvoiced Voiced

Speech Signal Display
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Voiced

Sinusoid in
time domain

Harmonics in
frequency
domain
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Unvoiced

Like a white
noise

Time and Time- Frequency response
Frequency domain
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Speech Production

9 B

vocal cords moving vocal cords not moving

Impulses

Voiced
— .
M Gain
N\ speech
f > M E—
NI E— LPC filter

Unvoiced

White noise



Formant (k)
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Vowel

Tongue height:
- Low: e.g., /a/
- Mid: e.g., /e/
- High: e.g., /i/

Tongue advancement:
- Front:e.g., /i/
- Central : e.g., /3/
- Back:e.g., /u/

Lip rounding:

- Unrounded: e.g., /1, €, e, 3/
- Rounded: e.g., /u, 0,2/

Tense/lax:

- Tense: e.g., /i, e, u, 0,2, a/
- Lax:e.g., /1, ¢, &, o/

Simple & Glided Vowels

Front Central

Back

uw

ow

who'd
hood

hoed

hawed

Loudness

[AH] as in "FATHER"

1000 2000 3000 Hz
Frequency

|EE] as in "HEED"

1000 2000 3000 Hz

[00] as in "POOL"

1000 2000 3000 Hz
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Consonant

COBEHNFE ., REN, STRMIBREE, 29F]. WR. ORSERN, S STFRRENEE, &
B, mTMEBNA (REBM) ARBNTERRERBNAR (RB/7E) AR, BRARGHS

— =3 Stops: /p, t, k, b, d, g/

— 3 Fricatives: /f, s, v, z/

— =z Affricates: /ts, dz/

— E&/s0E Approximants/Liquids: /I, r, w, j/

— g2 Nasals: /m, n, ng/



Voiced Voiceless

Consonant contains voiced sound Vibration  No Vibration

b = bat P = pat
d = dot t = tall
g = g k = cap
v = vine f = fine
§ th = this th = thin
% z — z00 S = sue
- j = gym sh = shore
m = mail h = hot
n — nail ch = chip
ng — sing
| = et
r — root
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Speech Signal

Sound source Sound modifiers Output

(vocal fold vibration) (vocal tract response) (form lips)
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Green Function

C EBET L ERRS EATHHE (W) RRERZHG, B 16=6
- FREREE, 4HETH  L-L-ov

- HEAMBMREHSRSS (BRNELES=EL) | WBERHRREASRNERRSELRERT
A (Sns)

. 14=Q,HHLELWET, QNENH, o HBREE. MASRGNRE T
1B $=dxb=*(LG)=(L)*G=QxG .



Feature Extraction
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Pre-emphasis
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LPC Spectral Envelope
* Boost energy in the high frequencies
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e Spectrum for voiced segments has more
energy at low frequencies than high
frequencies, called spectral tilt, caused 2 3 4
Frequency (kHz)
by glottal pulse
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(a) no pre-emphasis

y[n] = z[n] — az[n — 1], 09<a<1.0

Amplitude (dB)
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(b) with pre-emphasis



High Pass Filter




Frame Segment

« Why divide speech signal into successive overlapping frames?

Speech is not a stationary signal

We want information about a small enough region that the spectral information is a useful cue.

* Frames

Frame size: typically, 10 -25 ms
Frame shift: the length of time between successive frames, typically, 5-10 ms



Fourier Transform
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Fourier Transform on Truncated Signal
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Window for Fourier Transform
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Discrete Fourier Transform

* Input:

> Windowed signal x[n]...x[m]

 Qutput:
» For each of N discrete frequency bands

> A complex number X[k] representing magnitude and phase of that frequency component in the
original signal Discrete Fourier Transform (DFT)

° D FT X(m) = m(n)e—pmm/N A Imaginary axis (j)

n=0 Ximagﬁm:] / \
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Mel scale

Mel Scale

4000

» Mel-scale Human hearing is not equally sensitive to all frequency bands

» Less sensitive at higher frequencies, roughly > 1000 Hz

» Human perception of frequency is non-linear
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