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Some initial notation
• Let V a video signal, a sequence of N digital images of

X × Y pixels.

• We define that

V = {Vi}; 0 ≤ i < N,

where Vi is the i−th image of V .
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Why temporal scalability?
Bit rate

Time

V (0)

V (1)

V (2)

V (3)

• Useful for a fast seek.

• V (t) = {V2t×i}; 0 ≤ i < N
2t is the t-th temporal resolution

level of V . Notice that V = V (0).
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Why spatial scalability

Time

V <2>

V <0>

V <1>

Bit rate

• Ideal to show a high resolution video in low resolution dis-
plays.

• V <s> is the s-th spatial resolution level of V , i.e. the sub-
sampled Y

2s × X
2s version of V (0 ≤ s < S). Notice that

V = V <0>. 4/34



Why quality scalability?
Bit rate

Time

V [1]

V [2]

V [0]

V [3]

• Ideal for remote video browsing.

• V [q] is the q-th distortion level of V , i.e. the approximated
reconstruction of V using Q−q quality layers (0 ≤ q ≤ Q).
V [0] = V and V [Q] = 0.
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QSVC with Motion JPEG2000 [7]
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Image relationship: III· · · .
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Performance of Motion JPEG2000
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The closed-loop approach [3, 1, 10]

Motion
compendated

predictor

Reconstructed
video

Original
Video

One
image
delay

{Ei}{Vi} {E[q]
i }

inter intra

inter

{E[q]
i }

intra

P({V [q]
[i−1]})

Lossy DPCM Encoder

{V [q]
i }

{E[q]
i }

{V [q]
[i−1]}

inter intra

{V [q]
[i−1]}

{V [q]
i }

Lossy DPCM Decoder

P({V [q]
[i−1]})

Quantizer

P

Qq Q−q

P

Z−1

Z−1

Q−q

8/34



The closed-loop approach
• From the previous figure we deduce that

E = {V0, H1, H2, · · · },

where H1, H2, · · · are the residual images.
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7

Image relationship: IPPP· · · .
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A 2-layers quality scalable codec

DPCM
Lossy

Encoder
DPCM
Lossy

Decoder

DPCM
Lossy

Encoder
DPCM
Lossy

Decoder

V [q]

(V − V [q])[q′]

V V [q]

Base Layer

Enhancement LayerV − V [q]

E[q]

E ′[q
′]
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An example for 2 loops
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0 H
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1 H
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2 H

[q]
3 H

[q]
4 H

[q]
5 H

[q]
6 H

[q]
7

B
ase

layer

H ′
[q′]
1 H ′

[q′]
2 H ′

[q′]
3

H ′
[q′]
4

H ′
[q′]
5

H ′
[q′]
6

H ′
[q′]
7

(V − V
[q]
0 )[q

′]

E
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layer

Image relationship: IPPP· · · in each loop (layer).
11/34



Performance of H.264/SVC (CGS) [4]
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The open-loop (subband) approach
[2]

H1 H2 H t Lt

L0 L1 L2

· · ·

t-levels forward transform

Lt−1

L0 L1 L2 Lt−1

· · ·

t-levels inverse transform

1-level

transform
inverse

1-level

transform
inverse

1-level

transform
forward

1-level

transform
forward

1-level

transform
forward

1-level

transform
inverse
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The 1-level transform [6, 5, 9]

H t

Lt

{Lt−1
2i−1}

{Lt−1
2i }

{Lt−1
2i−1}

even

odd

P

{P({Lt−1
2i })}

odd

even

{U(H t
i )}

{Lt−1
2i }

{P({Lt−1
2i })}

{U(H t
i )}

U U P

Forward transform Inverse transform

MergeSplit Predict Update
Un-

predict
Un-

update

Lt−1 Lt−1
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Image dependencies for SBC
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←−
M0

3
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Image relationship: IBBBBBBBI.
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The bit-rate allocation problem
• Let bj; j ∈ T = {Lt, H i; i = 1, · · · , t} the bit-rate of each

subband, where

b = bLt + bHt + bHt−1 + · · · + bH1

is the bit-rate of the encoded output texture data.

• Let
B = b + bM

the bit-rate of the encoded video, where bM is the bit-rate
of M , the motion data.
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Bit-rate allocation for SNR scalabil-
ity
• Any T data should be received after the M data.

• However, ¿how to sort (find the optimal ordering of the data
of) the bit-streams of the T sub-bands in order to minimize
the distortion of a progressive reconstruction of a GOP?
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The B = b = bLt case

• A ideal bit-rate allocation scheme for a (rare) video with no
movement (M = 0), where the predictions are identical to
the predicted pictures and the residue subbands should be
zero ({H i = 0; i = 1, · · · , t}).
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The B = b = bLt case
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The bLt = bHt; bHt−1 = 2bHt
case

• The opposite extreme case to the previous one is a video
where each picture is completely different to the rest of the
sequence. In this situation there is no correlation between
pictures and the residues accumulate the information of the
prediction and the predicted pictures. As the number of
pictures in the residue subband H t−1 is twice the number of
pictures in the subband H t, we conclude that bHt−1 = 2bHt

.
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The bLt = bHt; bHt−1 = 2bHt
case
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The bLt = bHt = · · · = bH1 case
• In this bit-rate allocation strategy, the importance of a pic-

ture in the subbands Lt and H t is the same, but the im-
portance of a picture of the subband H t is the double than
the importance of a picture of the subband H t−1.
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The bLt = bHt = · · · = bH1 case
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The bLt = 2bHt; bHt = 2bHt−1 case
• Finally, a scheme where the number of bits assigned to a

t-th subband doubles the number of bits assigned to the
t− 1-th subband. This means that the weight of a picture
in the t-th subband is four times the weight of a picture in
the t− 1-th subband.
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The bLt = 2bHt; bHt = 2bHt−1 case
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Conclusions about the bit-rate allo-
cation
• The results show that the distortion of a encoded video

depends on:

– The characteristics of the video and the efficiency of the
motion prediction model.

– The relative weight (importance) of each temporal sub-
band.

– The relative weight of each image of each subband.

– Moreover, the rate-distortion minimization performed
by progressive codec (such as JPEG2000 [8]) for one
image could not maximize the overall GOP’s SNR.
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Conclusions about the bit-rate allo-
cation
• Static (predefined) bit-rate allocation strategies can not be

optimal for any video.

• A special PCRD-opt for QSVC that takes in account all the
information in T should be performed!
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Motion data encoding

• M t and M t−1 are correlated.
←−
M t

i and
−→
M t

i are correlated.
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Motion data encoding
• In most sequences, it can be found that

←−
M t

i ≈ −
−→
M t

i (1)

and that ←→
M t

i = 2
←→
M t−1

2i . (2)

• Before the entropy encoding of M , Predictors 1 and 2 are
applied.

• In the case that M t−1 is not received, it could be iferred
from M t that is transmitted first.

• Some degree of spatial redundancy can also be removed
from M .
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Stream organizations
Quality scalability Spatial scalability Temporal scalability

<3><2> <1> <0> <3><2> <1> <0> <3><2> <1> <0>

GOP
(4)[2]
1

GOP
(4)[1]
1

GOP
(3)[3]
1

GOP
(3)[2]
1

GOP
(3)[1]
1

GOP
(3)[0]
1

GOP
(0)[3]
1

GOP
(0)[2]
1

GOP
(0)[1]
1

GOP
(0)[0]
1

GOP
(4)[3]
1

GOP
(4)[0]
1

Q
uality

L
ayers

Spatial Resolution Levels

...

72

73

79

...
...

...
...

GOP0

GOP1

GOPG

M3(V (3)) M3
0 1 1 17

...
...

...
...

L4

(V (4))

H3

(V (3))

21 26 31

36 41 51

56 61 71

76 81 86 91

36 56 76

21 41 61 81

26 46 66 86

31 51 71 91

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

66

46

M0
0

M0
1

M0
7

...

8

15

9M0

(V (0))
...

8

9

15

16

17 37 57 77

22 42 62 82

27 47 67 87

32 52 72 92

17 22 27 32

37 42 47 52

57 62 67 72

77 82 87 92

18 19 20 21

22 23 24 25

26 27 28 29

30 31 32 33

...

80 81 82 83

84 85 86 87

88 89 90 91

92 93 94 95

20 40 60 80

25 45 65 85

30 50 70 90

35 55 75 95

20 25 30 35

50 55

60 65 70 75

80 85 90 95

40 45

H1

(V (0))

16
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Reconstruction of a truncated QSVC
stream
• Encoding bit-rate: 1024 Kbps.

• Number of JPEG2000 layers: 16.

• Number of iterations of the temporal transform: 5.

• Number of iterations of the spatial transform: 5.

• Truncation pattern:

GOP 1: 512 Kbps (64000 bytes).

GOP 2: 64 Kbps (4000 bytes).

GOP 3: 512 Kbps (66000 bytes).

GOP 4: 64 Kbps (4000 bytes).
... 31/34
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