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AGENDA

e Audio Basics
e Audio Visualization

. H’rp://www.sonicvisua iser.org/



WHAT TS DIGITAL SOUND!

¢ A digi’rizc’rion of the wave.
— Either a recipe for reconstruction

— Or a discrete approximation
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SAMPLED SOUND

e Wave gets somp|ed x times a second
— E.g. 48 000 times -> 48 kHz somp|ing rate

e Obtained values are stored
—E.g. 256, 240, 13, -7, 12, -44, ...
— Quantization fo eg. 278 levels -> 8 Bit

. Possib|y from different sensors

— Stereo -> 2 channels III"II



SAMPLED SOUND

* Example: 8 kHz, 16 bit Stereo

— Sound wave is somp|ed 8.000 times a second

— Somp|es are stored in 16 bit numbers

e That's Pulse Code Modulation (PCM)
— Often used in WAV files ...

— Also as inpu’r from microphone or line in



WHAT DO WE WANTTO CAPTURE?

¢ HqunS can l’]@Or
— From around 16 - 21 Hz
— To around 16 kHz - 19kHz
— 16 bit is enough (CD), 32 bit even better



S0UND MIXING

. Mu|+ip|e sounds at the same time?
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AUDTO REPRESENTATION: WAVEFORM

e Gives the power of a signo| of a given time

e Visualization of pu|se code modulation




AUDIO REPRESENTATION: SPECTRAL

* GiVQS pPower N Frequency bOﬂCIS as CO|OF

— gray -> blue -> red -> white

e Shows if there are high or low Frequencies

present.




AUDIO REPRESENTATION: SPECTRAL

e W histle

— h’r’rp://wwwfreesou nd.org/peop|e/THE _bizniss/sounds/39548/



http://www.freesound.org/people/THE_bizniss/sounds/39548/

AUDIO REPRESENTATION: SPECTRAL

* \Voice
— h’r+p://www.1(reesou nd.o rg/peop|e/epo nody/sou nds/107720/



http://www.freesound.org/people/epanody/sounds/107720/

AUDIO REPRESENTATION: SPECTRAL

e Music
— http://wwwfreesound.org/people/IEDIabs/sounds/82323/
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http://www.freesound.org/people/IEDlabs/sounds/82323/

AUDIO REPRESENTATION: SPECTRAL

Environmental
— th://www.Freesou nd.o rg/peop|e/sage+yr’r|e/sou nds/36734/
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http://www.freesound.org/people/sagetyrtle/sounds/36734/

AUDTO PROCESSING

. High Pass Filter

— Removes low Frequencies

* |_ow Pass Filter

— Removes high Frequencies

* Demo: Audacity



AUDTO PROCESSING

¢ Amphfy
— InCrease power of somp|es, e, samp|e * %

— may result in c|ipping

* Demo: Audacity
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AUDTO PROCESSING

. Change samp|e rate
— mOkQS SOUI’]CJ ]COS+€I’ or S|OW€F

— Cl’]O nges FFQC‘UQHC]QS

e Demo: Audoci’ry, Chomge speed filter.



AUDTO PROCESSING

Change piJrch or tempo
— somp|ing rate chonge does both

— doing just one is complicated

First compute Frequency domain representation

—ie. with Short Time Fourier Transform

Then re—compque frequencies based with

different time basis

App|y inverse Fourier transform



AUDTO PROCESSING

° Adding Echo

— Add the same signo| in a new track and reduce

omp|i+uo|e
— Mix with origino| track

e Can be done online

— ie. computer games, 3D sound



S0UND FORMATS

 Waveform Audio Format
— Container for several compression formats
— Includes PCM, MP3 GSM, [D-Law

e Musical Instrument Digi+0| Interface

— Control codes for instruments

— |nstruments can be ‘emulated”

° Compressed Audio Formats
— MP3, OGG, AAC, ...



AUDTO COMPRESSTON

° |_OSS|€SS compression enough?

— does not work with audio too well

. Mu|"i|o|e options for compression
— MPEG-1 Layer 3 (MP3), Ogg Vorbis
— MPEG-4 AAC, Dolby Digital (AC3)

e |n General: Psycho—Acoueric Modehng




MP3 COMPRESSTON

* Developed by MPEG for Audio Compression
(19992)

— Part of MPEG-1 (Layer-3: Audio)

* BOSQCI on PSYChOOCOUSﬁC modehng

Deve|opeo| on an empirico| basis

\/losking effects on 27 frequency bands

Model details which frequencies mask which



CRITICAL BANDWIDTH

e |f two sounds share the same critical

bandwidth, the ear cannot dis’ringuish between

hem

 Sound separation is possib|e if the Frequencies

are different enoug h’



[EMPORAL MASKING

e Sudden stimulus makes other sound inaudible.

* Backward masking

— obscures a sound immedio+e|y preceding the
masker

e Forward mosking

— obscures a sound immedia+e|y Fo”owing the
masker



MP3-KOMPRESSTON

Moskmg leads to actudl compression

* RQdUﬂCICH’]CIQS in stereo CI’]OHHQ'S are QXp|OH’€d

too

. Compression about 10 : 1



