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Overview

m Psychoacoustics

= Study the correlation between the physics of
acoustical stimuli and hearing sensations
= Experiments data and models are useful for
audio codec
= Modeling human hearing mechanisms

= Allows to reduce the data rate while keeping
distortion from being audible

Sound Pressure Levels
» Definitions

SPL =20logo(p/ py)indB p, =20 uPa
10°Pa< p<10%Pa

SPL=10logyo(1/1,)indB 1, =107""2W /m?
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Outer, Middle, and Inner Ear

Converts air movement
in ear canal 1o fluid

movement in cochlea. Inper Ear
Collects sound and funnels it Cochlea separates sounds by
down to ear drum. Physical size frequency. Hair cells convert
mned 1o sounds around 4 kHz, fluid motion into electrical

impulses in auditory nerve.

Hearing Area

o A8
20 e
w0 4o
; . B
20 m}
» I
;m— 19 =
ar -EE
o 10
L 2z 5 0 0

39

Threshold in Quiet
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Fletcher-Munson Equal

Loudness
Loudness Curves
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Frequency Masking Temporal Masking

Masker
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Masked Signals

43

dB Masker On
———————
Pre-Masking . I Post-Masking
Masking
M > T
~20ms  _p00ms ~150ms T

24

Narrow-Band Noise Masking

Tones
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Masking Thresholds at Different
Masking Levels
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Bark Scale
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Threshold vs. Critical-Band Rate
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Threshold vs. Critical-Band Rate
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Simple Masking Model

dB Masker of level L,
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Bit Allocation Using Masking
Thresholds

Audible oy hit SNR
Signal Ay dible noise)
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Transform Coding Data Rates

= Encoding in frequency domain
= N equally spaced frequency bands
= Encode each band with R, bits
» Data rate of a critically sampling system

I=R(R) bIs
N-1

(Re)=@WN) >R
k=0

» Typical data rate
= from 64 kb/s/ch to 128 kb/s/ch




Example: TDAC Transform

= Sampling frequency F, =48KHz

= Window length 1024

= Bit rate 128 kb/s/ch

= Average bits per sample
(Ry)=128/48 =2.6667

= Number of bits for each new block of data

N-1
> Ry =(R¢)*512=1365b/Block
k=0
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Floating Point Quantization

= Effect of the scale factor

= Scale Xmax to the order of the signal so that the
error in terms of the number of mantissa bits

2
(-3
3.22R
= Get coding gain if R, can reduce the error

LEbEY

Optimal Bit Allocation

= Optimization problem
. 1N x2 1 N-L
Ml{anleze {N Eo[?;-Zng ]} under NEORK =R
= Solution
= Lagrange multiplier
= Take derivative
= Solve for Ry
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Optimal Bit Allocation (cont.)
%{;E[\%éf&}ﬁ(g&mm}:o
SR =NR
k
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3/2In2

1, X2 1
="log,~X —=log.(3/2In2
Re 51992 5 0o )

—Rilog (@) - 2
R(_Rleogz(Xk) 2N|092(1j_[x])

Application to Perceptual
Coding
= Not to minimize the average error power

= To get the quantization noise below the
masking curve

= To maximize SNR-SMR for signals above
the masking curve

SNR~log(x’/q’) SMR~log(x*/M?)
SNR— SMR~ —log(cf/M?)
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Application to Perceptual Coding
(cont.)

= New problem
Minimize EZM
Ny 3.2%
= New solution

} under 12& =R
N

1 1
R = R+§Iog2((Xk /Mk)z)—mlogz(ﬂ(xj M;P)
]




A Caveat...

= The above algorithm sometimes gives negative
R¢ when X, /M, is much below its geometric
mean
= Roundsthose R, tozero
= Take bits away from other parts of the spectrum
= Use approximate solution allocating bits one by

History

= Moving Picture Expert Group (MPEG)
= Established in 1988
= Joint Technical Committee (JTC1): ISO, IEC
= Develop standards for coded representation of
moving pictures and associated audio
= Original work items
= MPEG-1, up to 1.5 Mb/s (ISO/IEC 11172)
= MPEG-2, up to 10 Mb/s (ISO/IEC 13818)

one locally = MPEG-3, up to 40 Mb/s
s MPEG-3 was dropped in July ‘92
. MPEG-1 Audio Layers
History (cont.) . Layer| Y
= MPEG-4 = Simplest configuration, 32 to 224 kb/s/ch

» First proposed in 1991
= Approved in July 1993
= Targets audiovisual coding at very low bit rates
= Scalability, 3-D, etc.
= ISO/IEC FDIS in 1999 (ISO/IEC 14496)
= MPEG-7
= Started in the Fall of 1996

= Standardize the description of multimedia
contents of multimedia data base search

= Scheduled to become ISO/IEC standard in 2001
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= Best for data rates above 128 kb/s/ch
= Used in Philips’s DCC at 192 kb/s/ch
» Layer Il
= Intermediate complexity, 32 to 384 kb/s/ch
= Best for data rates of 128 kb/s/ch
= Used in DAB, CD-Interactive, etc.
» Layer 1l

= Highest quality and complexity, 32 to 160
kb/s/ch

= Best for data rates below 128 kb/s/ch
» Used for transmission over ISDN, Internet, etc. s

MPEG-1 Audio Layers (cont.)

n Single-chip, real-time decoders exist for all
three layers

n Layers Il and 11l

= Perceptually lossless at 128 kb/s/ch
(compression ratio of 6:1, 16 bits per sample,
48 KHz sampling rate)

= Selected by ITU-R TG 10/2 for broadcast
applications
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MPEG-1 Encoder Building
Blocks

32 sub-bands (Layers I, II)
576 sub-bands (Layer I11)

Audio . - -
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MPEG-1 Decoder Building
Blocks
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