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C
o

m
p

ressio
n

 &
 Q

u
an

tizatio
n

 

•
H

o
w

 b
ig

 is au
d

io
 d

ata?
  W

h
at is th

e b
itrate?

 

-

 

F

 

s

 

 fram
es/second (e.g. 8000 or 44100)

x

 

C

 

 sam
ples/fram

e (e.g. 1 or 2 channels)
x

 

B

 

 bits/sam
ple (e.g. 8 or 16)

 

→

 

 

 

F

 

s

 

·C
·B

 

 bits/second (e.g. 64 K
bps or 1.4 M

bps)

 

•
H

o
w

 to
 red

u
ce?

 

-
low

er sam
pling rate 

 

→

 

 less bandw
idth (m

uffled)
-

low
er channel count 

 

→

 

 no stereo im
age

-
low

er sam
ple size 

 

→

 

 quantization noise

 

•
O

r: u
se d

ata co
m

p
ressio

n

1

bits / frame

fram
es / sec

8000

8 32

44100

C
D

 A
udio 1.4 M

bps

Telephony 64 K
bps

M
obile

≤13 K
bps
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D
ata co

m
p

ressio
n

: 
R

ed
u

n
d

an
cy vs. Irrelevan

ce

 

•
Tw

o
 m

ain
 p

rin
cip

les in
 co

m
p

ressio
n

: 

 

-
rem

ove redundant inform
ation

-
rem

ove irrelevant inform
ation

 •
R

ed
u

n
d

an
t in

fo
 is im

p
licit in

 rem
ain

d
er

 

-
e.g. signal bandlim

ited to 20kH
z, 

but sam
ple at 80kH

z

 

→

 

can recover every other sam
ple by interpolation:

 •
Irrelevan

t in
fo

 is u
n

iq
u

e bu
t u

n
n

ecessary

 

-
e.g. recording a m

icrophone signal at 80 kH
z 

sam
pling rate

tim
e

sample

In a bandlim
ited signal, the red sam

ples
can be exactly recovered by interpolating 

the blue sam
ples
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Irrelevan
t d

ata in
 au

d
io

 co
d

in
g

 

•
F

o
r co

d
in

g
 o

f au
d

io
 sig

n
als, 

irrelevan
t m

ean
s p

ercep
tu

ally in
sig

n
ifi

can
t

 

-
an em

pirical property

 

•
C

o
m

p
act D

isc stan
d

ard
 is ad

eq
u

ate:

 

-
44 kH

z sam
pling for 20 kH

z bandw
idth

-
16 bit linear sam

ples for ~
 96 dB

 peak S
N

R

 

•
R

efl
ect lim

its o
f h

u
m

an
 sen

sitivity:

 

-
20 kH

z bandw
idth, 100 dB

 intensity
-

sinusoid phase, detail of noise structure
-

dynam
ic properties - hard to characterize

 

•
P

ro
b

lem
: sep

aratin
g

 salien
t &

 irrelevan
t
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Q
u

an
tizatio

n

 

•
R

ep
resen

t w
avefo

rm
 w

ith
 d

iscrete levels

•
E

q
u

ivalen
t to

 ad
d

in
g

 erro
r e[n

]: 

•
e[n

] ~ u
n

co
rrelated

, u
n

ifo
rm

 w
h

ite n
o

ise

 

 

 

→

 

  variance 
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Q
u

an
tizatio

n
 n

o
ise (Q

-n
o

ise)

 

•
U

n
co

rrelated
 n

o
ise h

as fl
at sp

ectru
m

•
W

ith
 a 

 

B

 

 b
it w

o
rd

 an
d

 a q
u

an
tizatio

n
 step

 

 

D

 

-
m

ax signal range (x) =
 -(2

 

B

 

-1

 

)·

 

D

 

 .. (2

 

B

 

-1

 

-1)·

 

D

 

-
quantization noise (e) =

 -

 

D

 /2 .. 

 

D

 

/2

 

→

 

B
est sig

n
al-to

-n
o

ise ratio
 (p

o
w

er)

.. o
r, in

 d
B

, 
 d

B

S
N

R
E

x
2

[
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E
e

2
[

]
Ú
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2
B

(
) 2

=
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2
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B
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⋅
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R
ed

u
n

d
an

t in
fo

rm
atio

n

 

•
R

ed
u

n
d

an
cy rem

oval is lo
ssless

•
S

ig
n

al co
rrelatio

n
 im

p
lies red

u
n

d
an

t 
in

fo
rm

atio
n

 

-
e.g. if 

 

x

 

[

 

n

 

] =
 

 

x

 

[

 

n 

 

- 1] +
 

 

v

 

[

 

n

 

]

 

x

 

[

 

n

 

]

 

 has a greater am
plitude range 

 

→

 

 m
ore bits

than 

 

v

 

[

 

n

 

]

 

-
sending 

 

v

 

[

 

n

 

] =
 

 

x

 

[

 

n

 

] - 

 

x

 

[

 

n 

 

- 1]

 

 can reduce 
am

plitude, hence bitrate

-
‘w

hite noise’ sequence has no redundancy

 

•
P

ro
b

lem
: sep

aratin
g

 u
n

iq
u

e &
 red

u
n

d
an

t

x[n] - x[n-1]
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O
p

tim
al co

d
in

g

•
S

h
an

n
o

n
 in

fo
rm

atio
n

:
A

n
 u

n
likely o

ccu
rren

ce is m
o

re ‘in
fo

rm
ative’

•
In

fo
rm

atio
n

 in
 b

its I =
 –log

2 (probability)

-
clearly w

orks w
hen all possibilities equiprobable

•
O

p
t. b

itrate →
 av.to

ken
 len

g
th

 = en
tro

p
y H

 =
 E

[I]
-

.. equal-length tokens are equally likely

•
H

o
w

 to
 ach

ieve th
is?

-
transform

 signal to have uniform
 pdf

-
nonuniform

 quantization for equiprobable tokens
-

variable-length tokens →
 H

uffm
an coding

A
B

B
B

B
A

A
A

B
B

A
B

B
A

B
B

A
B

B

p(A
) =

 0.5    p(B
) =

 0.5

A
, B

 equiprobable
A

 is expected;
B

 is ‘big new
s’

A
A

A
A

A
B

B
A

A
A

A
A

A
B

A
A

A
A

B

p(A
) =

 0.9    p(B
) =

 0.1
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Q
u

an
tizatio

n
 fo

r o
p

tim
u

m
 b

itrate

•
Q

u
an

tizatio
n

 sh
o

u
ld

 refl
ect p

d
f o

f sig
n

al:

-
cum

ulative pdf p(x <
 x0 ) m

aps to uniform
 x’

•
O

r, co
d

ew
o

rd
 len

g
th

 p
er S

h
an

n
o

n
 –log

2 (p(x)):

-
H

uffm
an coding: tree-structured decoder

-0.02
-0.015

-0.01
-0.005

0
0

0.2

0.4

0.6

0.8

1.0

0.005
0.01

0.015
0.02

0.025

p(x =
 x

0 )
p(x <

 x
0 )

x

x'

-0.02

-0.010

0.01

0.02

0.03
0

2
4

6
8

p(x)
S

hannon info / bits
C

odew
ords

111111111xx
111101xx
111100xx
101xx
100xx
0xx
110xx
1110xx
111110xx
1111110xx
111111100xx
111111101xx
111111110xx



E
6820 S

A
P

R
 - D

an E
llis

L07 - C
oding

2006-03-02 - 10

V
ecto

r Q
u

an
tizatio

n

•
Q

u
an

tize m
u

tu
ally d

ep
en

d
en

t valu
es in

 jo
in

t 
sp

ace:

•
M

ay h
elp

 even
 if valu

es are larg
ely in

d
ep

en
d

en
t

-
larger space {x

1 ,x
2 } is easier for H

uffm
an

-6
-4

-2
0

2
4

-2 -1 0 1 2 3
x

1

x
2
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C
o

m
p

ressio
n

 &
 R

ep
resen

tatio
n

•
A

s alw
ays, su

ccess d
ep

en
d

s o
n

 rep
resen

tatio
n

•
A

p
p

ro
p

riate d
o

m
ain

 m
ay b

e ‘n
atu

rally’ 
b

an
d

lim
ited

-
e.g. vocal-tract-shape coefficients

-
can reduce sam

pling rate w
ithout data loss

•
In

 rig
h

t d
o

m
ain

, irrelevan
ce is easier to

 ‘g
et at’

-
e.g. S

T
F

T
 to separate m

agnitude and phase
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A
sid

e: C
o

d
in

g
 stan

d
ard

s

•
C

o
d

in
g

 o
n

ly u
sefu

l if recip
ien

t kn
o

w
s th

e co
d

e!

•
S

tan
d

ard
izatio

n
 effo

rts are im
p

o
rtan

t

•
F

ed
eral S

tan
d

ard
s: L

o
w

 b
it-rate secu

re vo
ice:

-
F

S
1015e:  LP

C
-10 2.4 K

bps
-

F
S

1016:  4.8 K
bps C

E
LP

•
IT

U
 G

.series
-

G
.726 A

D
P

C
M

-
G

.729 Low
 delay C

E
LP

•
M

P
E

G
-

M
P

E
G

-A
udio layers 1,2,3

-
M

P
E

G
 2 A

dvanced A
udio C

odec
-

M
P

E
G

 4 S
ynthetic-N

atural H
ybrid C

odec

•
M

o
re recen

t p
ro

p
rietary ‘stan

d
ard

s’
-

R
A

, W
M

A
, S

kype ...
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O
u

tlin
e

In
fo

rm
atio

n
, co

m
p

ressio
n

 &
 Q

u
an

tizatio
n

S
p

eech
 co

d
in

g
-

G
eneral principles

-
C

E
LP

 &
 friends

W
id

e b
an

d
w

id
th

 au
d

io
 co

d
in

g
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S
p

eech
 co

d
in

g

•
S

tan
d

ard
 vo

ice ch
an

n
el:

-
analog: 4 kH

z slot (~
 40 dB

 S
N

R
)

-
digital: 64 K

bps =
 8 bit µ

-law
  x 8 kH

z

•
H

o
w

 to
 co

m
p

ress?
R

ed
u

n
d

an
t 

-
signal assum

ed to be a single voice, 
not any possible w

aveform
Irrelevan

t
-

need code only enough for intelligibility, speaker 
identification (c/w

 analog channel)

•
S

p
ecifi

cally, so
u

rce-fi
lter d

eco
m

p
o

sitio
n

-
vocal tract &

 fund. frequency change slow
ly

•
A

p
p

licatio
n

s:
-

live com
m

unications     - offline storage

2
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C
h

an
n

el Vo
co

d
er (1940s-1960s)

•
B

asic so
u

rce-fi
lter d

eco
m

p
o

sitio
n

-
filterbank breaks into spectral bands

-
transm

it slow
ly-changing energy in each band

-
10-20 bands, perceptually spaced

•
D

o
w

n
sam

p
lin

g
?

•
E

xcitatio
n

?
-

pitch / noise m
odel

-
or: baseband +

 ‘flattening’...

B
andpass
filter 1

S
m

oothed
energy

D
ow

nsam
ple

&
 encode

B
andpass
filter N

S
m

oothed
energy

V
oicing

analysis

D
ow

nsam
ple

&
 encode

V
/U

V

P
itch

E
1

E
N

P
ulse

generator
N

oise
source B

andpass
filter 1

B
andpass
filter 1

Input

O
utput

E
ncoder

D
ecoder



E
6820 S

A
P

R
 - D

an E
llis

L07 - C
oding

2006-03-02 - 16

L
P

C
 en

co
d

in
g

•
T

h
e classic so

u
rce-fi

lter m
o

d
el

•
C

o
m

p
ressio

n
 g

ain
s:

-
filter param

eters are ~
slow

ly changing
-

excitation can be represented m
any w

ays

f

| 1/A
(e jω

)|

LP
C

analysis

R
epresent

&
 encode

R
epresent

&
 encode

E
xcitation

generator
A

ll-pole
filter

Input
s[n]

F
ilter coefficients {ai }

R
esidual
e[n]

E
ncoder

D
ecoder

t

O
utput
s[n]
^

e[n]
^

H
(z) =

 
1

1 - Σ
a

i z
-i

20 m
s

5 m
s

F
ilter

p
aram

eters

E
xcitatio

n
/p

itch
p

aram
eters



E
6820 S

A
P

R
 - D

an E
llis

L07 - C
oding

2006-03-02 - 17

E
n

co
d

in
g

 L
P

C
 fi

lter p
aram

eters

•
F

o
r ‘co

m
m

u
n

icatio
n

s q
u

ality’:
-

8 kH
z sam

pling (4 kH
z bandw

idth)
-

~
10th order LP

C
 (up to 5 pole pairs)

-
update every 20-30 m

s →
 300 - 500 param

/s

•
R

ep
resen

tatio
n

 &
 

q
u

an
tizatio

n
-

{a
i } - poor distribution, 

can’t interpolate
-

reflection coefficients {k
i }: 

guaranteed stable
-

LS
P

s - lovely!

•
B

it allo
catio

n
 (fi

lter):
-

G
S

M
 (13 kbps):  

8 LA
R

s x 3-6 bits / 20 m
s =

 1.8 K
bps

-
F

S
1016 (4.8 kbps):

10 LS
P

s x 3-4 bits / 30 m
s =

 1.1 K
bps

-2
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-0.5

0
0.5

1
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2
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0
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1
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2

0
0.05

0.1
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0.2
0.25

0.3
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0.4
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0.5

a
i

k
i

fL
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L
in

e S
p

ectral P
airs (L

S
P

s)

•
L

S
P

s en
co

d
e L

P
C

 fi
lter by a set o

f freq
u

en
cies

•
E

xcellen
t fo

r q
u

an
tizatio

n
 &

 in
terp

o
latio

n

•
D

efi
n

itio
n

: 
        zero

s o
f  

-
z =

 e
j ω

 →
 z -1 =

 e
-j ω

 →
 |A

(z)| =
 |A

(z -1)| on u.circ.
-

P
(z), Q

(z) have (interleaved) zeros w
hen 

angle{A
(z)} =

 ± angle{z -p-1A
(z -1)}

-
reconstruct P

(z), Q
(z) =

 Π
i (1 - ζ

i z -1) etc.

-
A

(z) =
 [P

(z) +
 Q

(z)]/2

P
z()

A
z()

z
p

–
1

–
A

z
1–

(
)

⋅
+

=

Q
z()

A
z()

z
p

–
1

–
A

z
1–

(
)

⋅
–

=

A
(z) = 0

P
(z) = 0

Q
(z) = 0

A
(z -1) = 0
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E
xcitatio

n

•
E

xcitatio
n

 alread
y b

etter th
an

 raw
 sig

n
al:

-
save several bits/sam

ple, still >
 32 K

bps

•
C

ru
d

e m
o

d
el: U

/V
 fl

ag
 + p

itch
 p

erio
d

-
~

 7 bits / 5 m
s =

 1.4 K
bps →

 LP
C

10 @
 2.4 K

bps

•
B

an
d

-lim
it th

en
 re-exten

d
 (R

E
L

P
)
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O
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C

 residual

-50 0

50

1001.3
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e / s

16 m
s fram
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P

itch period values
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E
n

co
d

in
g

 excitatio
n

•
S

o
m

eth
in

g
  b

etw
een

 fu
ll-q

u
ality resid

u
al 

(32 K
b

p
s) an

d
 p

itch
 p

aram
eters (1.4 kb

p
s)?

•
‘A

n
alysis by syn

th
esis’ lo

o
p

:

•
‘P

ercep
tu

al’ w
eig

h
tin

g
 d

isco
u

n
ts p

eaks:

LP
C

analysis

S
ynthetic

excitation

M
S

E
rror

m
inim

ization

P
itch-cycle
predictor

Input
 s[n]

F
ilter coefficients

A
(z)

E
xcitation code

E
xcitation encoding

b·z –
N

L

+

LP
C

 filter
1

A
(z)

A
(z/γ)

A
(z)

‘P
erceptual’

w
eighting

W
(z)=

+
x[n]

c[n]
^

–�

control

x̂[n]* h
a [n] - s[n]

0
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2000
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3500

freq / H
z
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1/A

(z)1/A
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A
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A
(z)

W
(z)=
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M
u

lti-P
u

lse E
xcitatio

n
 (M

P
E

-L
P

C
)

•
S

tylize excitatio
n

 as N
 d

iscrete p
u

lses

-
encode as N

 x ( ti , m
i ) pairs

•
G

reed
y alg

o
rith

m
 p

laces o
n

e p
u

lse at a tim
e:

-
cross-correlate h

γ  and r* h
γ , iterate
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0
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tim

e / sam
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ti

m
i
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C
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m
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E
p
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A
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A

z
γÚ
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)
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X
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A

z()
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S
z()

–
=

X
z()

A
z
γÚ
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C
E

L
P

 

•
R

ep
resen

t excitatio
n

 w
ith

 co
d

eb
o

o
k

e.g
. 512 sp

arse excitatio
n

 vecto
rs

-
linear search for m

inim
um

 w
eighted error?

•
F

S
1016 4.8 K

b
p

s C
E

L
P

 (30m
s fram

e = 144 b
its):

10 LS
P

s
4x4 +

 6x3 bits =
34 bits

P
itch delay

4 x 7 bits =
28 bits

P
itch gain

4 x 5 bits =
20 bits

C
odebk index

4 x 9 bits =
36 bits

C
odebk gain

4 x 5 bits =
20 bits 
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007

008
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010
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012
013

014
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0
60
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e / sam
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S
earch
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C
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A
sid

e: C
E

L
P

 fo
r n

o
n

sp
eech

?

•
C

E
L

P
 is so

m
etim

es called
 a ‘hyb

rid
’ co

d
er:

-
originally based on source-filter voice m

odel
-

C
E

LP
 residual is w

aveform
 coding (no m

odel)

•
C

E
L

P
 d

o
es n

o
t 

b
reak w

ith
 

m
u

ltip
le vo

ices 
etc.
-

just does the 
best it can

•
L

P
C

 fi
lter m

o
d

els vo
cal tract; 

also
 m

atch
es au

d
ito

ry system
?

-
i.e. the ‘source-filter’ separation is good for 
relevance as w

ell as redundancy?

freq / kHz

O
riginal (m

rZ
ebra-8k)

0 1 2 3 40 1 2 3 40 1 2 3 4

5 kbps buzz-hiss

tim
e / sec

4.8 kbps C
E

LP

0
1

2
3

4
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6
7
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O
u

tlin
e

In
fo

rm
atio

n
, co

m
p

ressio
n

 &
 Q

u
an

tizatio
n

S
p

eech
 co

d
in

g

W
id

e b
an

d
w

id
th

 au
d

io
 co

d
in

g
-

G
eneral principles

-
M

P
E

G
-A

udio

123
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W
id

e-B
an

d
w

id
th

 A
u

d
io

 C
o

d
in

g

•
G

o
als: 

-
transparent coding i.e. no perceptible effect

-
general purpose - handles any signal

•
S

im
p

le ap
p

ro
ach

es (red
u

n
d

an
cy rem

oval)
-

A
daptive D

ifferential P
C

M
 (A

D
P

C
M

)

-
as prediction gets sm

arter, becom
es LP

C
e.g. s

h
o
r
t
e
n

 - lossless LP
C

 encoding

•
L

arg
er co

m
p

ressio
n

 g
ain

s n
eed

s irrelevan
ce

-
hide quantization noise w

ith 
psychoacoustic m

asking

3

A
daptive

quantizer

D
equantizer

C
[n] =

 Q
[D

[n]]

D
'[n] =

 Q
-1[C

[n]]

P
redictor

X
p [n] =

 F
[X

'[n-i]]

+

+
D

'[n]

X
'[n]

C
[n]

D
[n]

X
[n]

+–

+

+
X

p [n]
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N
o

ise sh
ap

in
g

•
P

lain
 Q

-n
o

ise so
u

n
d

s like ad
d

ed
 w

h
ite n

o
ise

-
actually, not all that disturbing

-
.. but w

orst-case for exploiting m
asking

•
H

ave Q
-n

o
ise scale 

w
ith

 sig
n

al level
-

i.e. quantizer step 
gets larger w

ith 
am

plitude
-

m
inim

um
 distortion 

for som
e center-

heavy pdf

•
O

r: p
u

t Q
-n

o
ise aro

u
n

d
 p

eaks in
 sp

ectru
m

-
key to getting benefit of perceptual m

asking
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m
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T
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S
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S
u

b
b

an
d

 co
d

in
g

•
Id

ea: Q
u

an
tize sep

arately in
 sep

arate b
an

d
s

-
Q

-noise stays w
ithin band, gets m

asked

•
‘C

ritical sam
p

lin
g

’ →
 1/M

 o
f sp

ectru
m

 p
er b

an
d

-
som

e aliasing inevitable

•
Trick is to

 can
cel w

ith
 alias o

f ad
jacen

t b
an

d
→

‘quadrature-m
irror’ filters

B
andpass

R
econstruction

filters
A

nalysis
filters

D
ow

nsam
ple

f
f

Q
uantize

M
M

Q
[•]

f
M

Q
[•]

Q
-1[•]

Input
O

utput
(M

 channels)
+

M
Q

-1[•]

D
ecoder

E
ncoder

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

1
-50
-40
-30
-20
-10 0

norm
alized freq

gain / dB
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M
P

E
G

-A
u

d
io

•
B

asic id
ea:  S

u
b

b
an

d
 co

d
in

g
 p

lu
s

p
sych

o
aco

u
stic m

askin
g

 m
o

d
el

to
 ch

o
o

se d
yn

am
ic Q

-levels in
 su

b
b

an
d

s

-
22 kH

z ÷ 32 equal bands =
 690 H

z bandw
idth

-
8 / 24 m

s fram
es =

 12 / 36 subband sam
ples

-
fixed bitrates 32 - 256 K

bps/chan (1-6 bits/sam
p)

-
scale factors like LP

C
 envelope?

32 band
polyphase
filterbank

F
orm

at
&

 pack
bitstream

S
cale

norm
alize

Q
uantize

Input
B

itstream

D
ata fram

e

P
sychoacoustic

m
asking

m
odel

P
er-band

m
asking m

argins

S
cale indices

S
cale

norm
alize

Q
uantize

C
ontrol &

 scales

24 m
s

32 chans
x 36 sam

ples
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M
P

E
G

 P
sych

o
aco

u
stic m

o
d

el

•
B

ased
 o

n
 sim

u
ltan

eo
u

s m
askin

g
 exp

erim
en

ts

•
D

iffi
cu

lties:
-

noise energy m
asks ~

10 dB
 better than tones

-
m

asking level nonlinear in frequency &
 intensity

-
com

plex, dynam
ic sounds not w

ell understood

•
P

ro
ced

u
re

-
pick ‘tonal peaks’ in 
N

B
 F

F
T

 spectrum
-

rem
aining energy

→
 ‘noisy’ peaks

-
apply nonlinear
‘spreading function’

-
sum

 all m
asking &

 
threshold in pow

er 
dom

ain

1
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T
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M
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R
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m
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S
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spectrum

N
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M
P

E
G

 B
it allo

catio
n

•
R

esu
lt o

f p
sych

o
aco

u
stic m

o
d

el is 
m

axim
u

m
 to

lerab
le n

o
ise p

er su
b

b
an

d

-
safe noise level →

 required S
N

R
 →

 bits B

•
B

it allo
catio

n
 p

ro
ced

u
re (fi

xed
 b

it rate):
-

pick channel w
ith w

orst noise-m
asker ratio

-
im

prove its quantization by one step
-

repeat w
hile m

ore bits available for this fram
e

•
B

an
d

s w
ith

 n
o

 sig
n

al ab
ove m

askin
g

 cu
rve 

can
 b

e skip
p

ed
 en

tirely

S
ubband N

M
asking toneM

asked
thresholdS

afe noise level

Q
uantization noise

freq
level

SNR ~ 6·B
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M
P

E
G

 A
u

d
io

 L
ayer III

•
‘Tran

sfo
rm

 co
d

er’ o
n

 to
p

 o
f ‘su

b
b

an
d

 co
d

er’

•
B

lo
cks o

f 36 su
b

b
an

d
 tim

e-d
o

m
ain

 sam
p

les
b

eco
m

e 18 p
airs o

f freq
u

en
cy-d

o
m

ain
 sam

p
les

-
m

ore redundancy in spectral dom
ain

-
finer control e.g. of aliasing, m

asking
-

scale factors now
 in band-blocks

•
F

ixed
 H

u
ffm

an
 tab

les o
p

tim
ized

 fo
r au

d
io

 d
ata

•
P

o
w

er-law
 q

u
an

tizer

D
ig

ital A
u

d
io

S
ig

n
al (PC

M
)

(768 kbit/s)
Filterbank

32 S
ubbands

CRC-Check

S
ubbandM

D
C

T

0 31

FFT
1024 P

oints

P
sycho-

acoustic
M

odel

0 Line
575

H
uffm

an
E

ncoding

C
oding of
S

ide-
inform

ation

D
istortion 

C
ontrol Loop

N
onuniform

Q
uantization

R
ate

C
ontrol Loop

Bitstream Formatting

A
u

d
io

 S
ig

n
al

C
o

d
ed

192 kbit/s

32 kbit/s

E
xternal C

ontrol

W
indow

S
w

itching
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A
d

ap
tive tim

e w
in

d
o

w

•
T

im
e w

in
d

o
w

 relies o
n

 tem
p

o
ral m

askin
g

-
single quantization level over 8-24 m

s w
indow

•
‘N

ig
h

tm
are’ scen

ario
:

-
‘backw

ard m
asking’ saves in m

ost cases

•
A

d
ap

tive sw
itch

in
g

 o
f tim

e w
in

d
o

w
:

P
re-ech

o distortion

2
0

4
0

6
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8
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1
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0
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0
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0
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0
.8 1

tim
e

 / m
s

window level
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T
h

e effects o
f M

P
3

-
chop off high frequency (above 16 kH

z)
-

occasional other tim
e-frequency ‘holes’

-
quantization noise under signal

Jo
sie - d

irect fro
m

 C
D

A
fter M

P
3 en

co
d

e (160 kb
p

s) an
d

 d
eco

d
e

tim
e / sec

freq / kHz

R
esid

u
al (after alig

n
in

g
 1148 sam

p
le d

elay)

0
2

4
6

8
10

0 5 10

15 20

freq / kHz

0 5 10

15 20
freq / kHz

0 5 10

15 20
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M
P

3 &
 B

eyo
n

d

•
M

P
3 is ‘tran

sp
aren

t’ at ~ 128 K
b

p
s fo

r stereo
(11x sm

aller th
an

 1.4 M
b

p
s C

D
 rate)

-
only decoder is standardized:
better psych. m

odels →
 better encoders

•
M

P
E

G
2 A

A
C

-
rebuild of M

P
3 w

ithout backw
ards com

patibility
-

30%
 better (stereo at 96 K

bps?)
-

m
ultichannel etc.

•
M

P
E

G
4-A

u
d

io
-

w
ide range of com

ponent encodings
-

M
P

E
G

 A
udio, LS

P
s, ...

•
S

A
O

L
-

‘synthetic’ com
ponent of M

P
E

G
-4 A

udio
-

com
plete D

S
P

/com
puter m

usic language!
-

how
 to encode into it?
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S
u

m
m

ary

•
F

o
r co

d
in

g
, every b

it co
u

n
ts

-
take care over quantization dom

ain &
 effects

-
S

hannon lim
its...

•
S

p
eech

 co
d

in
g

-
LP

C
 m

odeling is old but good
-

C
E

LP
 residual m

odeling can go beyond speech

•
W

id
e-b

an
d

 co
d

in
g

-
noise shaping ‘hides’ quantization noise

-
detailed psychoacoustic m

odels are key


