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Block Switching: Motivation

Time-frequency trade-off (Fourier uncertainty principle1)

� Long blocks have good frequency resoluঞon (poor ঞme
resoluঞon)

� Short blocks have good ঞme resoluঞon (poor frequency
resoluঞon)

1Broglie, 8« º|X A|X­³É ­Z =ÄJ«ºJ.
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Block Switching: Motivation
How does this manifest in audio coding? “Pre-echo”
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Block Switching: Motivation
Soluঞon: Use long blocks for steady-state signal, and short
blocks for transient signals.2

2Edler, “Coding of Audio Signals with Overlapping Transform and Adapঞve Window Shape”. 6



Block Switching: Components

Window equaঞons: Sine window3
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3Smith, ?°XNº³JӁ  ÄT ­ ? z«JӁ ;³­NX´´ «z.
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Block Switching: Components
Window types: Sine window
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Block Switching: Components

Window types: Transiঞon windows
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Block Switching: Components

Transient Detecঞon: peak-to-average raঞo (PAR)

PAR =
(jx1j; jx2j; : : : ; jxN j)
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i=1 jxij

(2)
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Block Switching: Components

Transient Detecঞon: modified PAR

nmax = argmax(jx1j; jx2j; : : : ; jxN j)

PAR =
(jx1j; jx2j; : : : ; jxN j)

1
nmax

Pnmax

i=1 jxij

(3)
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Block Switching: Results

Transient Detecঞon
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Block Switching: Results
Pre-echo suppression
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Spectral Band Replication: Motivation

� For low bit-rates, baseline will not allocate any bits to
high-frequency

� Higher signal-to-mask raঞos (SMR) and fewer lines per band at
lower frequency bands

� Output sounds low-pass filtered

� Need to represent high-frequency components be�er–use
redundancy!

� We know higher frequencies are correlated with lower
frequencies–exploit this for be�er results
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Spectral Band Replication: Approach
� («N­TX³ŷ Transmit esঞmate of envelope of the signal at
higher frequencies

� Use DFT to represent envelope
� For our coder, use one value per high frequency band for this
envelope

� &XN­TX³ŷ Transpose lower frequency MDCT lines to
higher frequency porঞon

� Transpose low frequencies onto their integer mulঞple (e.g.
11kHz transposed to 22kHz)

� Adjust energy by received envelope

� Only acঞvate at low bit rates (96 kbps)
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Spectral Band Replication: Illustration

Ideal model of Spectral Band Replicaঞon.
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Spectral Band Replication: Block Diagram

Block Diagram for Spectral Band Replicaঞon
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Spectral Band Replication: Encoder

� Set and store a certain number of criঞcal bands as “omi�ed
bands” to get the desired frequency cutoff (top 2 bands)

� Modify “nLines” parameter for these bands to equal 1 (we
only transmit one value)

� Manঞssa bits for this one value determined by opঞmal bit
allocaঞon
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Spectral Band Replication: Decoder

� Transpose relevant lower frequency MDCT values to
integer mulঞple higher frequencies

� MDCT frequencies are Ji«X not linear, so frequency MDCT line
k is not exactly half of frequency at 2k

� Use linear spline interpolaঞon to adjust for this and provide more
accurate frequency values

� Apply Gaussian filter to received envelope to smooth it
out, then adjust energy of transposed frequency lines by
this filtered envelope
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Spectral Band Replication: Results

� Empirically, there is a clear improvement to our coder with
the inclusion of SBR (see listening test results)

� Can visually verify these improvements in spectrum of
encoded signals

� Sঞll room for improvement: envelope is likely too coarse,
could transmit mulঞple values per criঞcal band instead of
just one. This value could even be chosen adapঞvely!
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Spectral Band Replication: Example

Harpsichord 16-bit PCM STFT
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Spectral Band Replication: Example

Harpsichord, output of our coder at 96 kbps, no SBR
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Spectral Band Replication: Example

Harpsichord, output of our coder at 96 kbps, with SBR
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Gain-Shape Quantization: Motivation

The most important advice I got was “always make sure the
shape of the energy spectrum is preserved”
Ɔ0XJ«Ɔ5J³N EJӁ «Ŵ N³XJº­³ ­Z $(2AŶ  TÆ NX Z³­ª º|X TX´ z«X³ ­Z 8zz
E­³M ´4

� Explicitly encode energy or gain for each band with scalar
quanঞzaঞon

� Encode the unit-norm band using pyramid vector
quanঞzaঞon (PVQ)

4¤ªÆJӁ « ƃ >XNX«º («º³ X´.
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Gain-Shape Quantization: Energy
For a band of MDCT Coefficients x, the energy or gain is the L2
norm:

G = jjxjj2
Uniform quanঞze a[er mu-law funcঞon transformaঞon.
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Gain-Shape Quantization: Shape
For a band of MDCT Coefficients x, shape is S = x

G = x
jjxjj2

� Vector lies on N-dimensional hyper-sphere

� Easy codebook is to uniformly distribute points on the
hypersphere. This is mathemaঞcally impossible for N > 3.
An approximaঞon is to use the Pyramid Vector
Quanঞzaঞon.
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Gain-Shape Quantization: Pyramid VQ

S(L; K) =

�
x

jjxjj2
: x 2 fZn :

X
jxij = Kg

�
� Algebraic codebook with fast lookup for finding closest
codebook vector

� Enumeraঞon algorithm for mapping codebook vector to
codebook index
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Gain-Shape Quantization: Pyramid VQ
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}
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Gain-Shape Quantization: Bit allocation

Codebooks for different values of K and same dimension L
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Gain-Shape Quantization: Band Splitting
If bits allocated to a vector is greater than 32 bits, split into two
halves and joint-encode with MS scheme.

M =
(xl + xr)

2
S =

(xl � xr)

2
� =

jjSjj
jjM jj

PVQ normalizedm = M/jjM jj and s = S/jjSjj. � captures
energy distribuঞon betweenM and S in a variable. Uniformly
quanঞzed.

xl =
m̂ (�̂) + ŝ �̂p

2
xr =

m̂ (�̂) � ŝ �̂p
2

(4)
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}


Glockenspiel (arpegio;melodious phrase) (Stereo)

EBU Sound Quality Assessment Material

EBU Sound Quality Assessment Material, track 

1988

Other

59.061775

eng - 
online-audio-converter.com


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton2'){ocgs[i].state=false;}}
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