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2.3   V
id

eo
 C

o
m

p
ressio

n

2.3.1
M

P
E

G

M
P

E
G

 stands for M
oving

P
icture E

xperts G
roup (a 

com
m

ittee
of IS

O
).

G
oal of M

P
E

G
-1: com

press a video signal (w
ith audio) 

to a data stream
 of 1.5 M

bit/s, the data rate of a T
1 link 

in the U
.S

. and the rate that can be stream
ed from

 a 
C

D
-R

O
M

.
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G
o

als o
f th

e M
P

E
G

-1 C
o

m
p

ressio
n

 A
lg

o
rith

m

•
R

andom
 access w

ithin 0.5 s w
hile m

aintaining a 

good im
age quality for the video

•
F

ast forw
ard / fast rew

ind

•
P

ossibility to play the video backw
ards

•
A

llow
 easy

and precise editing
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M
P

E
G

 F
ram

e T
yp

es

F
o

u
r typ

es o
f fram

es:

I-F
ram

e (In
tra

F
ram

e)
Intra-coded full im

age, very sim
ilar to the JP

E
G

 im
age, 

encoded w
ith D

C
T

, quantization, run-length coding
and 

H
uffm

an coding

P
-F

ram
e (P

red
icted

F
ram

e)
U

ses delta encoding. T
he P

 fram
e refers to preceeding 

I-
and P

-fram
es. D

P
C

M
 encoded m

acroblocks, m
otion 

vectors possible. 

B
-F

ram
e (In

terp
o

lated
F

ram
e)

"bidirectionally predictive coded pictures„. T
he B

 fram
e 

refers to preceeding and succeeding fram
es, 

interpolated the data and encodes the differences.  

D
-F

ram
e

"D
C

coded picture", only the D
C

 coefficient of each 
block is coded (upper left-hand corner of the m

atrix), 
e.g., for preview

s.
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„G
ro

u
p

 o
f P

ictu
res“ in

 M
P

E
G

T
he sequence of I, P

 and B
 fram

es is not standardized but can 
be chosen according to the requirem

ents of the application. 
T

his allow
s the user to chose his/her ow

n com
prom

ise 
betw

een video quality, com
pression

rate, ease
of editing, etc.
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M
P

E
G

E
n

co
d

er

  fram
e

m
em

ory

 inverse 
quantizer

  fram
e

m
em

ory
D

C
T

quantizer

ID
C

T

     m
otion 

com
pensation

     m
otion 

   estim
ation

entropy
encoder

m o tio n v ec to rs

p red ic tiv e fram e
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M
P

E
G

 D
eco

d
er

 inverse 
quantizer

    previous 
picture store

ID
C

T

entropy
decoder

     future 
picture store

1/2

0

M u x

m
otion com

pensation
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T
em

p
o

ral R
ed

u
n

d
an

cy
an

d
 M

o
tio

n
 V

ecto
rs

"M
otion C

om
pensated Interpolation"

O
n the encoder side the search range can be chosen 

as a param
eter: the larger the search range, the higher 

the potential for com
pression, but the longer the run-

tim
e of the algorithm

.

A

B

previous fram
e

current fram
e

future fram
e

block-m
atching technique

1. block B
 =

 block A
2. block B

 =
 block C

3. block B
 =

 (block A
 +

 
                      block C

) / 2

2.3 V
ideo C

om
pression

2.3-8
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

M
P

E
G

-2

M
P

E
G

-2 extends M
P

E
G

-1 for higher bandw
idths and 

better im
age qualities, up to H

D
T

V
. It w

as developed 
jointly by IS

O
 and IT

U
-T

 (w
here the standard is called 

H
.262).

M
P

E
G

-2 defines scalable data stream
s w

hich allow
 

receivers w
ith different bandw

idth
and processing 

pow
er to receive and decode only parts of the data 

stream
.
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S
calab

ility
in

 M
P

E
G

-2 (1)

•
"S

N
R

 scalab
ility“: E

ach fram
e is encoded in 

several layers. A
 receiver w

ho only decodes the 
base layer w

ill get a low
 im

age quality. A
 receiver 

decoding addtional (higher) layers gets a better 
im

age quality. A
n exam

ple is color subsam
pling: the 

base layer contains only one quarter of the values 
for the U

 and V
 com

ponents, com
pared to the Y

 
com

ponents. T
he enhancem

ent layer contains the U
 

and V
 com

ponents in full resolution, for better color 
quality.

•
"S

p
atial scalab

ility“: T
he fram

es are encoded w
ith 

different pixel resolutions (e.g., for a standard T
V

 set
and for an H

D
T

V
 T

V
 set. B

oth encodings are 
transm

itted in the sam
e data stream

.
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S
calab

ility
in

 M
P

E
G

-2 (2)

•
"T

em
p

o
ral scalab

ility“:
T

he base layer contains 
only very few

 fram
es per second, the enhancem

ent 
layers additional fram

es per second. R
eceivers 

decoding the higher layers w
ill thus get a higher 

fram
e rate (i.e., a higher tem

poral resolution).

•
"D

ata p
artin

io
n

in
g

“:
T

he data stream
 is 

decom
posed into several stream

s w
ith different 

am
ounts of redundany for error correction. T

he m
ost 

im
portant parts of the stream

 are encoded in the 
base layer, e.g., the low

-frequency coefficients of the 
D

C
T

 and the m
otion vectors. T

his layer can then be 
enriched w

ith an error correcting code for better error 
resilience than the enhancem

ent layers w
here errors 

are not as
harm

ful.
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M
P

E
G

-2 V
id

eo
 P

ro
files

 
S

im
p

le
 p

ro
file

 

 n
o

 B
 fra

m
e

s 

n
o

t sca
la

b
le

 

M
a

in
 p

ro
file

 

  B
 fra

m
e

s 

n
o

t sca
la

b
le

 

S
N

R
 sca

la
b

le
 

p
ro

file
 

 B
 fra

m
e

s 

S
N

R
 sca

lin
g

 

S
p

a
tia

lly 

sca
la

b
le

 p
ro

-

file
 

B
 fra

m
e

s 

sp
a

tia
l sca

l-

in
g

 

H
ig

h
 p

ro
file

 

  B
 fra

m
e

s 

sp
a

tia
l o

r 

S
N

R
 sca

lin
g

 

H
ig

h
 le

ve
l 

1
9

2
0

x1
1

5
2

x6
0

 

 
<

=
8

0
 M

b
its/s 

 
 

<
=

1
0

0
 

M
b

its/s 

H
ig

h
-1

4
4

0
 le

ve
l 

1
4

4
0

x1
1

5
2

x6
0

 

 
<

=
6

0
 M

b
its/s 

 
<

=
6

0
 M

b
its/s 

<
=

8
0

 M
b

its/s 

M
a

in
 le

ve
l 

7
2

0
x5

7
6

x3
0

 

<
=

1
5

 M
b

its/s 
<

=
1

5
 M

b
its/s 

<
=

1
5

 M
b

its/s 
 

<
=

2
0

 M
b

its/s 

L
o

w
 le

ve
l 

3
5

2
x2

8
8

x3
0

 

 
<

=
4

 M
b

its/s 
<

=
4

 M
b

its/s 
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M
P

E
G

-4 (1)

O
riginally IS

O
 and IT

U
-T

 had planned a standard 
M

P
E

G
-3 for H

D
T

V
 at very high data rates. T

his w
ork 

w
as later integrated into M

P
E

G
-2. T

his explains w
hy 

there is no M
P

E
G

-3 standard.

M
P

E
G

-4 w
as originally planned for video at very low

 
bandw

idths (e.g., for w
ireless

P
D

A
s). Later the IS

O
 

com
m

ittee decided to concentrate on an entirely new
 

technology, nam
ely encoding in the form

 of sets o
f 

o
b

jects o
verlaid

 to
 fo

rm
 an

 im
ag

e. T
he encoding 

technique can be chosen separately for each object. 
T

his object-oriented encoding also opens up m
uch 

richer possibilities
for processing

on the receiver side.
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M
P

E
G

-4 (2)

S
eparate encoding of background and foreground. T

he 
background is static.

O
B

JE
C

T
 1

O
B

JE
C

T
 2

In
p

u
t

V
id

eo
O

b
ject 

fo
rm

atio
n

O
b

ject 1
C

o
d

in
g

O
b

ject 2
C

o
d

in
g

M
U

X
B

itstream
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M
P

E
G

-4 (3)

D
eco

d
in

g
 o

f an
 M

P
E

G
-4 system

 stream

D
em

u
ltiplex

E
lem

en
tary

S
tream

s

D
eco

m
p

ressio
n

C
o

m
p

ositio
n

 an
d

R
en

d
erin

g

S
cene D

escrip
tio

n
(S

crip
t o

r C
lasses)

P
rim

itive
A

V
 O

b
jects

C
o

m
p

ositio
n

 
In

fo
rm

atio
n

C
o

m
p

ositio
n

 an
d

R
en

d
erin

g

U
p

stream
 D

ata

(U
ser E

ven
ts, C

lass R
eq

u
est, ...)

NETWORKLAYER
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M
P

E
G

-4 (4)

O
b

ject h
ierarch

y fo
r o

u
r d

eco
d

in
g

 exam
p

le

scen
e

p
erso

n
2D

 b
ackg

ro
u

n
d

fu
rn

itu
re

au
d

io
visu

al
p

resen
tatio

n

vo
ice

sp
rite

g
lo

b
e

d
esk

2.3 V
ideo C

om
pression

2.3-16
A

G
raduate C

ourse
on 

M
ultim

edia T
echnology

©
 W

olfgang E
ffelsberg, 

R
alf S

teinm
etz

M
P

E
G

-4 (5)

S
calab

ility b
y

„layered
 en

co
d

in
g

“ in
 M

P
E

G
-4
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2.3.2   IT
U

 R
eco

m
m

en
d

atio
n

 H
.261

A
lso know

n as  „p*64 kbit/s“

•
A

 video coding technique for video data at p x 64 
kbit/s.

•
O

riginally developed for IS
D

N
•

P
aram

eter p is chosen as follow
s:

•
p in [1,30]

•
p sm

all im
plies low

 im
age quality at low

 data rates. 
A

n exam
ple is video telephony w

ith p=
1 or p=

2.
•

p larger im
plies better video quality at higher data 

rates. T
ypical is p=

6 for com
pany video conferencing 

over 6 parallel IS
D

N
 B

-channels.
•

In
trafram

e-C
o

d
in

g
:

based on the D
C

T
. V

ery sim
ilar 

to JP
E

G
 but there is only one

quatization
factor for 

all values of the block (no
quantization

table).

•
In

terfram
e-C

o
d

in
g

:
very sim

ilar to the P
 fram

es in 
M

P
E

G
-1. 

•
T

here
are no B

 fram
es in H

.261.
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Im
p

o
rtan

t P
aram

eters o
f H

.261

H
ierarch

y o
f th

e stru
ctu

rin
g

 elem
en

ts o
f th

e d
ata 

stream
:

S
tru

ctu
re E

lem
en

t
D

escrip
tio

n
picture

a full fram
e

group of blocks
33 m

acroblocks
m

acro block
16 x 16 Y

, 8 x 8 C
b , C

r

block
8 x 8 pixels

(unit for
the

D
C

T
)

 
C

IF
 

(B
re

ite
 x

 H
ö

h
e

) 
Q

C
IF

 
(B

re
ite

 x
 H

ö
h

e
) 

Y
 

3
5

2
 x 2

8
8

 
1

7
6

 x 1
4

4
 

C
b  

1
7

6
 x 1

4
4

 
8

8
 x 7

2
 

C
r  

1
7

6
 x 1

4
4

 
8

8
 x 7

2
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T
h

e
H

.261 E
n

co
d

er
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S
tatu

s o
f H

.261

V
ery w

idely used in practice, m
any products available 

in the m
arket from

 m
any m

anufacturers. H
as replaced 

earlier proprietary standards
for video telephony.

P
ure softw

are im
plem

entations are available as w
ell as 

stand-alone hardw
are solutions (“black boxes“) and 

com
bined solutions, m

ainly for the P
C

.
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H
.263

H
.263 is the successor standard of H

.261 at IT
U

-T
, 

incorporating m
uch of the experience

gained w
ith 

M
P

E
G

-1.

S
om

e differences betw
een H

.263 and H
.261 are:

•
T

here are five
im

age sizes instead of tw
o.

•
T

here is a bi-directionalinterpolation
w

here exactly 
one B

 fram
e follow

s each
P

 fram
e.

•
T

here are negotiable options that allow
 to tailor

the 
algorithm

 for specific
applications. F

or exam
ple, 

arithm
etic

coding can be chosen instead of run-
length/H

uffm
an coding in the entropy encoding step.


