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Speech Signal Processing (SSP)
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• Speech enhancement:
• Microphone array processing.

• Beamforming.
• Blind signal separation (cocktail party).

• Echo cancellation.
• The LMS algorithm.

• Noise suppression.
• Spectral subtraction.
• The Wiener filter.

Applications of Speech Processing



Algorithmic Domains of Speech Signal Processing

• Analysis of speech signals: 
• Fourier analysis; spectrogram
• Autocorrelation; pitch estimation
• Linear prediction; compression, recognition
• Cepstral analysis; pitch estimation, enhancement

• Speech compression.
• Scalar quantization (PCM, DPCM).
• (Transform Coding.)
• Vector quantization.
• Speech coders: Linear Predictive Vocoder, Mixed/Code Eecitation Linear Predictive etc.

• Statistical modeling of speech.
• Gaussian mixtures; speaker identification.
• Hidden Markov models; speech recognition.
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Speech Production

Lungs



Speech Sounds - Phoneme Hierarchy
• Coarse classification with phonemes.
• A phone is the acoustic realization of a 

phoneme.
• Allophones are context dependent phonemes.

Speech sounds
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iy, ih, ae, aa, 
ah, ao,ax, eh,
er, ow, uh, uw

ay, ey,
oy, aw

w, y

p, b, t,
d, k, g

m, n, ng f, v, th, dh,
s, z, sh, zh, h

r

l

Language dependent. About 50 in English.



Speech Waveform Characteristics

• Loudness
• Voiced/Unvoiced.
• Pitch.

• Fundamental frequency.

• Spectral envelope.
• Formants.

Voiced Speech Unvoiced Speech

/ih/ /s/



Methods for Speech Processing in Time-Domain



Short-Time Speech Analysis

• Segments (or frames, or vectors) are typically of length 20 ms.
• Speech characteristics are constant.
• Allows for relatively simple modeling.

• Often overlapping segments are extracted.



Methods for Speech Processing in Time-Domain



Windowing



Windows Comparison



Hamming Window



Window Size



Zero Crossing Rate

„Zeros Crossing is said to occur of successive
samples have diferent algebraic signs.“



Zero Crossing for Detecting Voiced/Unvoiced



Speech/Non-Speech Classification



Speech Detection – Example (1/2)



Speech Detection – Example (2/2)



Pitch of the Speech Signal



Short-term Auto-Correlation (1/4)



Short-term Auto-Correlation (2/4)



Short-term Auto-Correlation (3/4)



Short-term Auto-Correlation (4/4)



Average Magnitude Difference Function



AMDF Vs AC



Pitch Period



Center Clipping



3-Level Center Clipping



Methods for Pitch Estimation


