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4.4 M
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ia S
calin

g
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M
ed

ia F
ilterin

g

4.4.1 M
ed

ia S
calin

g

D
efin

itio
n

S
calin

g
=

 adaptation of the data rate to the capacity of 
the netw

ork

R
eq

u
irem

en
ts fo

r S
calin

g
A

lg
o

rith
m

s
•

Q
uick and precise adaptation to the capacity of the 

netw
ork

•
M

inim
um

 possible visual/audible effect
•

R
obustness in case of packet loss
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R
eso

u
rce R

eservatio
n

 vs. S
tream

 
A

d
ap

tatio
n

R
eservatio

n
 o

f R
eso

u
rces

•
T

he application requests the necessary Q
oS

(and 
thus netw

ork resources) in advance. T
hose 

resources w
ill be guaranteed for the duration of the 

stream
.

A
d

ap
tatio

n

•
T

he ap
p

licatio
n

adapts dynam
ically to the 

resources/capacity currently available from
 the 

netw
ork.

•
T

his w
orks for existing „best effort“ netw

orks, in 
particular for the Internet w

ith IP
 V

ersion 4.

•
A

daptive applications m
ust im

plem
ent audio resp. 

V
ideo codecs

that allow
 scaling at run-tim

e.

R
eservation and adaptation can be com

bined, in 
particular for probabilistic Q

oS
guarantees: A

 
reasonable

am
ount of resources is reserved in 

advance, and in short phases of exceedingly high bit 
rates, the application scales dow

n the stream
.
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M
essag

es E
xch

an
g

ed
 fo

r S
calin

g

•
T

he source starts to send at som
e initial data rate.

•
T

he netw
ork or the destination sends feedback 

m
essages indicating their current load.

•
T

he source adapts the data stream
 by dynam

ically 
changing the param

eters of the codec.

so
u

rce
sin

k

data

data

feedback
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S
calin

g
 E

xam
p

le

W
hile an M

P
E

G
 video is being played from

 a video 
server to a user the netw

ork signals a congestion. A
s a 

consequence, the video server ch
an

g
es th

e 
q

u
an

tizatio
n

 tab
le

of the M
P

E
G

 codec
(increases the 

quantization step size) and thus generates V
B

R
 video 

at a low
er bit rate (and a low

er im
age quality).

N
ote the difference to the reaction you w

ould observe 
on a netw

ork w
ithout adaptive (scaling) applications: 

the congestion control algorithm
 of the netw

ork (e.g., 
the one contained in T

C
P

) w
ould red

u
ce th

e  p
acket 

rate, leading to a low
er video fram

e rate at the receiver. 
T

he netw
ork has no alternative; only the source (the 

application) can handle the overload situation in a
m

ore
intelligent w

ay.
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4.4.2 M
ed

ia L
ayerin

g
 an
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ilterin
g

Layering and filtering are especially relevant in 
m

u
lticast trees:

•
D

ifferent receivers require different bit rates and 
stream

 qualities.

•
O

nly those parts of the stream
 are transported to 

a receiver that it can really use.

•
Irrelevant parts of the stream

 are rem
oved b

y th
e 

in
n

er n
o

d
es o

f th
e n

etw
o

rk.

A

B
C

E

D

lager
0 (base

layer)

lager
1 (enhancem

ent
layer

for
m

edium
quality)

lager
2 (enhancem

ent
layer

for
high quality)
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L
ayered

 V
id

eo
 E

n
co

d
in

g

T
he tw

o m
ost im

portant layering techniques for video 
are tem

p
o

ral scalin
g

and sp
atial scalin

g
.

T
em

p
o

ral S
calin

g

A
ssign fram

es to layers in a round-robin fashion. T
he 

m
ore layers the receiver gets, the higher the fram

e rate 
w

ill be.

S
p

atial S
calin

g

A
ssign data values to layers such that for each fram

e, a 
low

-quality version can be reproduced from
 layer 0; 

adding higher layers w
ill add “visible quality“ to the 

fram
e.

T
here are other scaling/layering schem

es, e.g., spatio-
tem

poral techniques, w
hich w

e w
ill not discuss here.
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T
em

p
o

ral S
calin

g
 fo

r
V

id
eo

0  1  2  3  4  5  6  7  8  9  10  11
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6        9    

1  
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7  
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2  
5  

8  
11

10

disassem
bling

reassem
bling

layer 0
layer 1
layer 2

layer 0

layer 1

layer 2

T
he base layer (i.e, layer 0) transm

its every third fram
e. 

S
o do the first and the second enhancem

ent layers. 
T

ogether, the full fram
e rate is transm

itted. 
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S
p

atial S
calin

g
 fo

r V
id

eo
 (1)

P
yram

id
 E

n
co

d
in

g

T
he encoder first dow

n-sam
ples the im

age, 
com

presses it according to the chosen encoding 
technique, and then transm

it the result in the base 
layer. A

t the sam
e tim

e, it decom
presses the im

age, 
up-sam

ples it and gets a coarse version of the original. 
T

o com
pensate for the difference, the encoder 

subtracts the resulting copy from
 the original and sends 

the encoded difference in the enhancem
ent layer. T

he 
M

P
E

G
-2 standard supports pyram

id encoding.
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S
p

atial S
calin

g
 fo

r V
id

eo
 (2)

L
ayered

 F
req

u
en

cies

E
ach 8x8 block is D

C
T

-transform
ed and quantized. 

A
fter quantization, the coefficients

are stored in 
different layers; e.g., the first three coefficients in the 
base layer, the next three in the first enhancem

ent 
layer, the next four in the second enhancem

ent layer, 
etc.
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S
p

atial S
calin

g
 fo

r V
id

eo
 (3)

L
ayered

 Q
u

an
tizatio

n

E
ach 8x8 block is D

C
T

-transform
ed. T

he
bits

of the 
D

C
T

 coefficients are distributed over several layers. F
or 

exam
ple, the base layer m

ay contain the first tw
o bits of 

all coefficients (corresponding to a very coarse 
quantization), the first enhancem

ent layer the next tw
o 

bits of all coefficients, etc. R
eceiving m

ore layers is 
then equivalent to choosing a finer quantization.
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S
p

atial S
calin

g
 fo

r V
id

eo
 (4)

L
ayered

 E
n

co
d

in
g

 o
f W

avelet-T
ran

sfo
rm

ed
 

V
id

eo

O
riginal fram

e

W
avelet-transform

ed, 
5 iterations

W
avelet-transform

ed, 
1 iteration
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S
p

atial S
calin

g
 fo

r V
id

eo
 (5)

L
ayered

 W
avelet E

n
co

d
in

g
T

he approxim
ation (i.e., the low

-pass filtered part) of a 
w

avelet-transform
ed fram

e is stored in the base layer. 
T

he coefficients of the details (i.e., the band-pass or 
high-pass filtered part) are stored in enhancem

ent 
layers in decreasing order of their absolute value.

base layer l0
enhancem

ent layer l1
enhancem

ent layer l2
enhancem

ent layer l3
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E
xam

p
les o

f S
p

atial L
ayerin

g

S
am

ple fram
es of a video sequence (a cartoon). N

ote 
that the im

ages are show
n at different quality levels in 

order to illustrate the characteristic artefacts.

P
yram

id encoding
Layered D

C
T

 frequencies

Layered w
avelet encoding

Layered D
C

T
 quantization
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S
calin

g
 an

d
 L

ayerin
g

 S
u

m
m

ary

•
S

caling techniques for digital video w
ere developed 

in recent years and w
ork w

ell.

•
Layering (i.e., the decom

position of the video into 
separate layers) is not yet available

in m
ost 

com
m

ercial video codecs.

•
T

he integration of layer filters into internal netw
ork 

nodes of m
ulticast trees is still a research issue.


