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W
hat is C

om
pression?

•
R

epresent a source in digital form
 w

ith as
few

 bits as possible w
hile still providing an

acceptable reproduction of the original
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C
om

ponents of a C
om

pression
Problem

•
Source

•
R

ate

•
D

istortion M
easure
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ate D

istortion T
heory

T
he m

inim
um

 rate required to represent a
source X

 w
ith average distortion less than or

equal to D
 is the rate distortion function R

(D
)
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January 10, 2003 G
oal of Source C

om
pression

•
R

epresent speech w
ith as few

 bits as
possible w

ith an acceptable loss in quality
and intelligibility

•
Fix the rate and m

inim
ize distortion—

D
(R

)

•
Fix the acceptable distortion level and
m

inim
ize the rate—

R
(D

)
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Synonym
s for D

ata C
om

pression

•
Signal C

om
pression

•
Signal C

oding

•
Source C

oding

•
Source C

oding w
ith a Fidelity C

riterion

•
L

ossy (N
oisy) Source C

oding

•
L

ossless (N
oiseless) Source C

oding

•
D

ata C
om

paction
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M
ore Synonym

s

•
R

edundancy R
em

oval

•
B

andw
idth C

om
pression
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January 10, 2003 Speech C
oding C

ategories

ÿ
N

arrow
band Speech —

 200 to 3400 H
z

ÿ
W

ideband Speech —
 50 to 7000 H

z

ÿ
W

ideband A
udio —

 20 to 20,000 H
z

–
N

um
ber of channels

–
Stereo

–
Five channel surround
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U
ncom

pressed B
it R

ates for Speech and
A

udio

B
andw

idth
Sam

pling
B

its Per
B

it
Source

(H
z)

R
ate

Sam
ple

R
ate

T
elephone Speech

200-3400
8000 sam

ples/s
12

96 kbits/s

W
ideband Speech

50-7000
16000

14
224 kbits/s

W
ideband 

A
udio

20-20000
44.1 

ks/s
16/chan

1.412
M

bits/s
(2 C

hannels)
(2 channels)
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N
etw

orks and N
etw

ork Services

6-54 M
bits/s in 5G

H
z band

802.11 a(w
ireless)

1, 2, 5.5, 11, and 22 M
bits/s in 2.4 G

H
z band

802.11(w
ireless)

100 M
bits/s

FD
D

I

1,000 M
bits/s

G
igabit E

thernet

100 M
bits/s

Fast E
thernet

10 M
bits/s

E
thernet

N
 x 51.84 M

bits/s
O

C
-N

/ST
S-N

20-40 M
bits/s

C
A

T
V

12.96-55.2 M
bits/s

V
D

SL

1.544-8.448 M
bits/s (dow

nstream
)

16-640 K
bits/s (upstream

)

A
D

SL

64-128 K
bits/s

ISD
N

28.8-56 K
bits/s

PO
T

S
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FD
D

I
100 M

bps

M
ultim

edia
Server

H
igh Perform

.
M

ultim
edia PC

B
ridge/R

outer

R
outer

M
ulti-

m
edia
PC

W
A

N

R
outer

H
igh Perform

.
M

ultim
edia PC

M
ulti-

m
edia
PC

A
T

M
L

A
N

A
T

M
L

A
N

Personal
C

om
m

unicator

Personal
C

om
m

unicator

Personal C
om

m
.

B
ridge/R

outer W
ireless E

thernet
B

ridge/R
outer

L
aptop

A
T

M
L

A
N

A
T

M
L

A
N

L
aptop

W
ireless Ethernet

(1-10 M
bps)

4800 bps
-64 kbps

E
thernet (10 M

bps)

150 M
bps

E
thernet

(100 M
bps)

M
ultim

edia C
om

m
unications N

etw
ork
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esign D

istortion M
easures

•
M

ean Squared E
rror

–
M

athem
atically T

ractable

–
N

ot N
ecessarily Perceptually M

eaningful

–
Im

portant for Initial R
ankings

•
Frequency-W

eighted Squared E
rror

•
Perceptually-B

ased D
istortion M

easures



January 10, 2003

Perform
ance E

valuation

•
Speech
–

L
istening T

ests, including
•

M
O

S

•
D

R
T

•
D

A
M

–
D

istance M
easures

•
A

udio—
L

istening tests—
transparency

•
Im

ages and V
ideo--V

iew
ing
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A
pplications of Speech C

oding

•
W

ireline T
elephony

•
V

ideoconferencing

•
D

igital C
ellular

•
IP T

elephony

•
V

oice M
ail

•
Speech Storage
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M
ultim

edia O
ver N

etw
orks

•
Principal Issues
–

C
onnectivity or A

ccess

–
Interoperability

–
Perform

ance

–
Im

plem
entations

–
C

hoices
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hannels and Platform

s

•
H

eterogeneous C
om

m
unications C

hannels
–

C
hannel B

andw
idths

–
C

hannel Q
ualities

•
H

eterogeneous Platform
s, T

erm
inals, or

H
andsets

–
Processing C

apability
–

Pow
er C

onsum
ption

–
Presentation C

apability
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U
ser Preferences

•
A

vailability of Services

•
C

ost

•
C

hoice of Q
oS
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Speech C
oding Standards

ÿ
N

arrow
band speech

–
G

SM
-A

M
R

, G
.729, G

.723, G
.728, IS-127(E

V
R

C
), IS-96(Q

C
E

L
P), IS-

95(V
SE

L
P)

–
G

.711(PC
M

), G
.721(A

D
PC

M
), G

.726(A
D

PC
M

)
–

L
PC

-10, M
E

L
P,…

ÿ
W

ideband speech
–

G
.722 (A

D
PC

M
)

–
G

.722.1 (T
ransform

)
–

A
M

R
-W

B
 (C

E
L

P)

ÿ
W

ideband audio
–

M
PE

G
-1,2,4

–
Philips PA

SC
–

Sony A
T

R
A

C
–

D
O

L
B

Y
 A

C
-3
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T
elephone B

andw
idth Speech C

oding
Standards

C
oderB

it R
ate (kbits/s)Q

ualityL
D

-C
E

L
P164.0 M

O
S(G

.728)R
PE

-L
T

P133.5 M
O

S(G
SM

)Q
C

E
L

P131-13.33.65 M
O

S(IS733-1)Q
C

E
L

P80.8-8.53.3 M
O

S(IS-96C
)(variable)V

SE
L

P7.953.5 M
O

S(IS-54)
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T
elephone B

andw
idth Speech C

oding
Standards (2)

E
FR

 
8 

 
3.8 M

O
S 

(IS-641) 
 

 
 

E
V

R
C

 
0.8-8.55 

 
3.8 M

O
S 

(IS-127-2) 
(variable) 

 
 

C
S-A

C
E

L
P 

8 
 

4.0 M
O

S 
(G

.729) 
 

 
 

C
S-A

C
E

L
P 

8 
 

3.75 M
O

S 
(G

.729A
) 

 
 

 
M

PC
-M

L
Q

 
5.3-6.4 

 
3.5 M

O
S 

(G
.723.1) 

 
 

 
A

C
E

L
P 

4.75-12.2 
 

3.5-4.1 M
O

S 
(N

B
-A

M
R

) 
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N
arrow

band A
M

R
 Speech

C
odec

ÿ
N

B
-A

M
R

 w
as originally standardized for G

SM
 by

E
T

SI in 1998.

ÿ
N

B
-A

M
R

 has 8 rates (all A
C

E
L

P):
4.75, 5.15, 5.9, 6.7, 7.4, 7.95, 10.2 12.2 kbits/s

ÿ
 12.2 kbps ---- G

SM
 E

FR

      7.4 kbps ----  T
D

M
A

136 E
FR

ÿ
8 kH

z sam
pling rate
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W
ideband A

M
R

 Speech C
odec

ÿ
W

B
-A

M
R

 has 9 rates:
6.6, 8.85, 12.65, 14.25, 15.85, 18.25, 19.25, 23.05,
23.85 kbits/s

ÿ
16 kH

z sam
pling rate

ÿ
Separate codec from

 N
B

-A
M

R

ÿ
W

B
-A

M
R

 has just been standardized by 3G
PP in

June, 2001 for G
SM

/3G
 system

s.
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T
oll Q

uality Speech C
oding

T
im

eline

•
L

og PC
M

  64 kbps 1972

•
A

D
PC

M
 32 kbps 1984

•
SB

C
 16 kbps 1984

•
A

PC
 w

ith perceptual w
eighting 16 kbps

1980

•
M

ultipulse L
PC

 16 kbps 1982

•
C

odebook E
xcited L

PC
 8 kbps 1995
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Selected V
ideoconferencing

Standards--B
asic M

odesM
PE

G
-1

H
.262

A
T

M
/B

-ISD
N

H
.310 (1996)

G
.723.1

H
.263

PST
N

H
.324 (1995)

G
.711

H
.261

L
A

N
s/Internet

H
.323 (1996)

G
.711

H
.261

ISD
N

H
.320 (1990)

A
udio

V
ideo

N
etw

ork
Standard
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R
edundancy R

em
oval From

 Speech
Signals
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C
ode-E

xcited L
inear Prediction (C

E
L

P)
Speech C

oding
input

speech

E
xcitation

generator
Synthesis
filter(s)

E
rror

m
inim

ization

E
rror

w
eighting

u(n)
–

_(n)
^

e(n)
e

w (n)

(a) E
ncoder

(b) D
ecoder

E
xcitation

generator
Synthesis
filter(s)

u(n)
_(n)
^

Synthetic
speech
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oding T

echniques

•
A

lgorithm
s:

–
Param

etric coding
–

C
E

L
P coding

–
A

D
PC

M
 coding

–
T

ransform
 coding

•
Perceptual M

asking:
–

W
eighting filtering

–
Psychoacoustic m

odeling
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K
ey A

dvances

•
Perceptual D

istortion M
easures

•
D

igital Signal Processing

•
A

nalysis-by-Synthesis Structures
–

C
odebook E

xcitation

–
Single G

ain for A
ll Pulses
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O
ther Issues in Speech C

oding

ÿ
Scalable C

oding
–

SN
R

 Scalability
–

B
andw

idth Scalability
ÿ

V
ariable and A

daptive M
ultirate C

oders
–

Source C
ontrolled for Speech Q

uality E
nhancem

ent
–

N
etw

ork C
ontrolled for L

oad C
ontrol

–
Joint Source/C

hannel C
oding

ÿ
R

obustness and E
rror C

oncealm
ent
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O
ther Issues in Speech C

oding (C
ont’d)

•
T

andem
 C

oding

•
B

ackground Im
pairm

ents

•
T

ranscoding

•
D

elay

•
C

om
plexity

•
Pow

er C
onsum

ption
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K
ey C

om
ponents

•
L

ossless C
oding

–
H

uffm
an and A

rithm
etic C

oding

–
R

eversible V
ariable L

ength C
odes

–
C

ontext D
ependent V

ariable L
ength C

odes

•
U

nequal B
it Protection

•
Side Inform

ation (L
ots!)

•
Signal Processing at the E

ncoder
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M
ore K

ey C
om

ponents

•
Packetization

•
E

rror C
oncealm

ent

•
Scalability
–

SN
R

–
Spatial

–
T

em
poral

–
B

andw
idth



January 10, 2003

M
ore K

ey C
om

ponents

•
V

ariable R
ate

–
Source-D

riven

–
N

etw
ork-D

riven
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R
ecent Standards to be E

m
phasized

•
JPE

G
2000

•
H

.26L

•
M

PE
G

-4

•
M

ultirate Speech and A
udio
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Scalable C
oding

ÿ
Som

etim
es denoted as layered coding, em

bedded
coding, or variable rate coding
ÿ

Scalable C
oding consists of a core coder at the

low
est bit rate plus one or m

ore enhancem
ent

layers
ÿ

Q
uality im

provem
ent is achieved by sending only

an increm
ental bit rate above the core layer

ÿ
Speech Scalable C

oding: SN
R

 scalability,
B

andw
idth scalability
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T
he Successive R

efinem
ent Problem

4

3

2
1

R

D

R
4

R
3

R
2

R
1

D
4

D
3

D
2

D
1
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A
pplications of Scalable C

oding

•
M

ulticast transm
ission over the Internet

•
U

nequal error protection of the core and
enhancem

ent layers

•
M

ultiple layers of quality selectable
according to available bandw

idth

•
R

ange extension in w
ireless

com
m

unications
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M
PE

G
-4 C

E
L

P Scalable C
odec

Adaptive 
Codebook

1/A(z)

M
inim

ize
W

eighted M
SE

X

+

Fixed
Codebook

_

X

1/A(z)
+

Adaptive 
Codebook

X

Fixed
Codebook

X

Encoder
Decoder

Fixed
Codebook

M
inim

ize 
W

eighted M
SE

1/A(z)
X

_
Fixed

Codebook
X

a
g

a
g

f
g

f
g

fr
g

fr
g
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T
em

poral, Spatial and SN
R

 scalability

12

3

6

9

12
12

12
12

12
12

3
3

3
3

3
3

6
6

6
6

6
6

9
9

9
9

9
9

T
em

poral scalability

Spatial Scalability

SN
R

 Scalability
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hannel C

oding Issues

ÿ
N

o-tail-bits convolutional code can save 5 or 6 bits for
forw

ard error protection.

ÿ
Soft decision channel decoding

ÿ
Source-controlled error concealm

ent

ÿ
U

nequal E
rror Protection w

ith
R

ecursive System
atic

C
onvolutional (R

SC
) code

outperform
s the N

SC
(H

indelang et al), w
hich is

applied in 136.
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C
onvolutional D

ecoding
Perform

ance

12
13

14
15

16
17

18
19

10
-5

10
-4

10
-3

10
-2

10
-1

SN
R

B i t  E r r o r  R a t e  o f  C l a s s 1  b i t s

W
B885

N
B74 

W
B66 

N
B59 

N
B515
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January 10, 2003 T
he M

ultiple D
escriptions

Problem

f
0

f1

g
0

g
2g

1

X

$X
0$X

1

$X
2
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oothed description coding

•
N

o rate overhead

•
D

ecent quality at all but highest error rates

D
C

T
P

artition
bitstream

D
C

 average
S

m
ooth

C
hannel
noise

C
hannel
noise

+ +

S
ource im

age
R

econstructed im
age
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R
esults

•
Perform

ance exam
ple w

hen p=
0.25

N
o concealm

ent
(PSN

R
=20.50 dB

)
D

C
 averaging only

(PSN
R

=25.94 dB
)

M
axim

al sm
oothing only

(PSN
R

=26.63 dB
)

D
C

 averaging + m
axim

al sm
oothing

(PSN
R

=28.58 dB
)
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R
esults

G
oldhill im

age w
ith p=0.1 at 0.32 bpp. W

ithout (left) and w
ith (right) concealm

ent.
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•
C

om
parison of refined SD

C
 w

ith M
D

C
 for

lena im
age at rate 0.47 bpp


