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Topics

Basic signal processing  Sound, hearing and speech
Sampling and quantization

Light and vision
Analog modulation

Radio Communication
Digital baseband

modulation

Video Broadcasting

. . . GSM, Mobile communication
Digital carrier modulation

Error Detection Coding
Error Correction Coding
Radio, guided waves
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Physical modelling of sounds
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Structure of the human ear
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Source: http://www.tutorvista.com/content/science/science-i/sound/structure-ear.php

Békésy Gyorgy / Georg von Békésy

Nobel prize in 1961 (function of the cochlea)

Source: http://braintour.harvard.edu/archives/portfolio-items/von-bekesy-experiments-hearing
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Source:
http://personal.cityu.edu.hk/~bsapplec/sound.htm
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Sound pressure level

* 440 Hz tone (A4 on musical scale)
—reduced in 1 dB steps
— reduced in 3 dB steps
—reduced in 5 dB steps

Source: http://www.ece.uvic.ca/~elec499/2003a/group09/p/demos.htm

Physiological & psychoacoustical properties of hearing
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Limits of human hearing
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Source: https://people.ece.cornell.edu/land/courses/ece5030/FinalProjects/s2014/kkp37 ris483/kkp37 rj9483/AudioGra1h?1.html
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Equal loudness level contours
A coctans
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Source: http://www.effectrode.com/wp-content/uploads/fletcher munson chart.jpg
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Eaqual loudness contours
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Loudness

* various frequencies at a constant SPL
(the perceived loudness of tones varies at equal sound
intensity)

* which tone sounds twice as loud as
the reference tone?

— reference tone + same tone 5 dB higher
— reference tone + same tone 8 dB higher
— reference tone + same tone 10 dB higher

Source: http://www.ece.uvic.ca/~elec499/2003a/group09/p/demos.htm

1991 original Dangerous Album

1995 HiStory(Begin) CD1

Loudness
war

2007 The Ultimate Collection CD3

Source:

https://en.wikipedia.org/wiki/Loudness war Michael Jackson - Black Or White
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Loudness war
Metallica: Death Magnetic

Source:
https://en.wikipedia.org/wiki/Loudness war

Loudness war

The Levehess Wer.mmp4

Source: https://www.youtube.com/watch?v=3Gmex _4hreQ
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Some of the albums that have been criticized for their sound quality include the following

Artist s Album s

fe. es
Bob Dyla

¥ a Aguilera
The Cure

Depeche M

Loudness —
war e o

Ten (2009 remaster /6768159

the Deaft®

Source:
https://en.wikipedia.org/wiki/Loudness war

Raw Power (1997 remaster)/5¢

Dynamic range compression
artistic effect

The Killers - Human

Listen at around 0:43 for the bass drum; you'll heard the rest of the track’s volume drop

Source: http://www.howtogeek.com/57903/htg-explains-how-does-dynamic-range-compression-work/
https://www.youtube.com/watch?v=RIZd|T1472Y
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Spatial parameters, direction of sound
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Source: http://www.music.miami.edu/programs/mue/Research/jwest/Chap 2/Chap 2 Spatial Hearing.html
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Spatial hearing
,hearing throne”

Source: https://auditoryneuroscience.com/book/export/html/15
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Masking

* Time domain masking
* Frequency domain masking
* Directional masking

Time domain masking
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Time domain masking - Forward

masking tone masked tone

|t | time

* masking tone + tone that is semitone down
— with a 100 ms delay in between
— with a 10 ms delay in between

Source: http://www.ece.uvic.ca/~elec499/2003a/group09/p/demos.htm

Time domain masking - Backward

masked tone masking tone

‘ t timea

* initial tone is going to be masked by the tone
that follows
— delay: 100 ms
— delay: above 10 ms
— delay: below 10 ms

Source: http://www.ece.uvic.ca/~elec499/2003a/group09/p/demos.htm
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Frequency domain masking
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Frequency domain masking

* Pure tones mask higher frequencies better
than lower frequencies

— Mask high freqgs
— Mask low fregs

Source: http://www.ece.uvic.ca/~elec499/2003a/group09/p/demos.htm
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Directional masking
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The organs of speech

alveolar ridge

epiglottis

esophagus
larynx (vocal cords)

Source: http://www.englishbaby.com/lessons/3201/member_submitted/vocal_organs_of speech

Source-filter model of speech production
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Waveform coding vs Speech coding
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LPC

* Waveform coding
— Original (64 kbps) { :
— ADPCM (32 kbps)

* Linear Predictive Coding
— CELP (4800 bps)
— LPC-10 (2400 bps)

b PN

Source: http://www.data-compression.com/speech.html 43
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