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ABSTRACT
Unlike conventional layered scalable video coding, leaky predic-
tion layered video coding (LPLC) introduces a leaky factor α,
which takes on values in the range between 0 and 1, to partially
include the enhancement layer in the motion compensation loop,
hence obtaining a trade-off between coding efficiency and error
resilience performance. In this paper, we use quantization noise
modeling to theoretically analyze the rate distortion performance
of LPLC. An alternative block diagram of LPLC is first developed,
which significantly simplifies the theoretical analysis. Closed form
expressions, as a function of the leaky factor, are derived for two
scenarios, where drift error occurs in the enhancement layer and
no drift occurs within the motion compensation loop. Theoretical
results are evaluated with respect to the leaky factor, showing that
a leaky factor of 0.4-0.6 is a good choice in terms of the overall
rate distortion performance of LPLC.

1. INTRODUCTION

Due to the potential incompleteness or loss of the enhancement
layer, traditional layered coding usually does not incorporate the
enhancement layer in motion compensated prediction (MCP). This
is done to prevent drift at the decoder. Leaky prediction layered
video coding (LPLC) allows part of the enhancement layer to be
used in the MCP to improve the coding efficiency while maintain-
ing graceful error resilience performance [1]. The enhancement
layer is allowed to “leak” or be partially used by the MCP. The
amount of leak is controlled by a leaky factor between 0 and 1.
Theoretical analysis of MCP based video coding which was de-
rived from rate distortion theory was presented in [2]. In [3], rate
distortion analysis of non-scalable video coding using leaky pre-
diction was discussed by modeling the video signal as a first-order
Markov model. The rate distortion analysis of traditional layered
video coding is described in [4] and [5], and the rate distortion
analysis of LPLC is addressed in [6]. In this paper, we present
a different approach to analyze the rate distortion performance of
LPLC by using quantization noise modeling proposed in [7].

2. LEAKY PREDICTION LAYERED VIDEO CODING

As shown in Fig. 1, unlike conventional layered coding struc-
ture, LPLC introduces a second MCP step in the enhancement
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Fig. 1. Block diagram of LPLC

layer using the same motion vectors as the base layer, and buffers
α(s′e(t) − s′b(t)) + s′b(t) as the reference for the encoding of
the video frame at time t + ∆t. Equivalently, a linear combi-
nation of the two reconstructed frames {s′e} and {s′b}, namely
αs′e(t) + (1 − α)s′b(t), is utilized as the reference. We define
the mismatch signal, {ψ}, as the difference between the MCP er-
ror signal in the enhancement layer, {ee}, and the encoded MCP
error signal in the base layer, {e′b}. {ψ} is coded and carried by
the enhancement layer.

In Fig. 1, we use the optimum forward channel to model the
encoding process of a 2D image signal [8]. Using this model, a
2D image is encoded at the rate distortion bound if the 2D image
is assumed to be a Gaussian stationary random signal. Hb(Ω)1

is a 3D filter combining both motion compensation operation and
spatial filtering for the MCP step in the base layer, while He(Ω)

is for the enhancement layer (Ω , (ωx, ωy, ωt) , (Λ, ωt)) [2]. It
is shown in [2] that the optimal spatial filter can be approximated
by Fopt(Λ)≈P ∗(Λ), where P (Λ) denotes the characteristic func-
tion of the estimated motion vector error (∆dx,∆dy). Hence if
the same spatial filter, namely F (Λ), is used, the 3D filters in both
layers become identical and will be referred to as H(Ω) hereafter.
Let ẽb(t) = eb(t) − e′b(t), the residue signal between the MCP
error signal in the base layer and its quantized version. It can be
shown that the mismatch signal {ψ} as a function of {ẽb} and
{ne} has exactly the same formulation as that of {eb} as a func-
tion of {s} and {nb}, except that αH(Ω) serves as the 3D filter
[6]. Thus, we obtain an alternative diagram for LPLC as in Fig. 2,
which is more amenable to our theoretical analysis.

1Strictly speaking, the Fourier transform of a random signal does not
exist. We use this concept for the sake of simpler notation. Note that this
does not affect the final theoretical results.
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Fig. 2. Alternative block diagram of LPLC

3. RATE DISTORTION ANALYSIS OF LPLC

3.1. Quantization Noise Modeling for 2D Image Coding

Given a 2D image {s}, we model the quantization noise {q} as an
additive independent signal whose variance is

σ2
q = σ2

s2
−βRs , (1)

where σ2
s denotes the variance of the original signal, β denotes the

parameter related to the 2D image coding efficiency, and Rs is the
data rate in unit of bits/pixel used to encode {s} [7].

3.2. Rate Distortion Analysis of LPLC Using Quantization
Noise Modeling

Here we use the quantization noise model given by (1) for the 2D
image coding. This is different than the optimum forward channel
model we used in [6]. We specify three types of data rates: the data
rate used by the base layer,Rb, the minimum data rate used by both
layers, Re,min, and the maximum data rate used by both layers,
Re,max, which satisfy Rb<Re,min<Re,max. We define an MCP
rate as the data rate that is incorporated in the MCP step. Thus Rb
is the MCP rate in the base layer, and (Re,min −Rb) the MCP rate
in the enhancement layer. Two scenarios are considered: with and
without drift in the enhancement layer. We assume no drift in the
base layer for both scenarios. If the decoded data rate is denoted
asRe,dec, the above two scenarios correspond to the circumstances
where Rb≤RIe,dec <Re,min and Re,min≤R

II
e,dec≤Re,max respec-

tively.

3.2.1. The Rate Distortion Function for the Base Layer

The block diagram of LPLC without drift is shown in Fig. 3. We
have e′b = eb + qb, where {qb} denotes the quantization noise in
the base layer with variance as

σ2
qb

= σ2
eb

2−βRb , (2)

where σ2
eb

denotes the variance of {eb}. Let Φebeb
(Λ) denote the

2D power spectral density (PSD) of {eb}. Similar to [2], we derive

Φebeb
(Λ) = Φss(Λ)

ˆ

1 − 2Re{F (Λ)P (Λ)} + |F (Λ)|2
˜

+Φqbqb
(Λ)|F (Λ)|2, (3)

where Φss(Λ) and Φqbqb
(Λ) denote the 2D PSD of {s} and {qb}

respectively, and Re{·} denotes the real part of a complex func-
tion. If all the quantization noise is assumed to be white, we have
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Fig. 3. Block diagram of LPLC for the EL without drift

Φqbqb
(Λ) = σ2

qb
. Since σ2

eb
= 1/(4π2)

RR

Λ
Φebeb

(Λ)dΛ,

σ2
eb

=
θs

1 − 2−βRbθf
, (4)

and
σ2
qb

=
θs

1 − 2−βRbθf
2−βRb =

θs
2βRb − θf

, (5)

where

θs ,
1

4π2

ZZ

Λ

Φss(Λ)
ˆ

1 − 2Re{F (Λ)P (Λ)} + |F (Λ)|2
˜

dΛ,

(6)

θf ,
1

4π2

ZZ

Λ

|F (Λ)|2dΛ. (7)

From Fig. 3, the reconstruction error of the base layer is rb =
s′b − s = e′b − eb = qb. Hence the distortion of the base layer in
the mean square error (MSE) sense is

Db(Rb) = V ar{rb} = σ2
qb

=
θs

2βRb − θf
, σ2

b . (8)

The signal-to-noise-ratio (SNR) of the base layer in dB is

SNRb(Rb) = 10 log10

„

σ2
s

σ2
b

«

. (9)

3.2.2. The Rate Distortion Function for the Enhancement Layer

Scenario I: The enhancement layer of LPLC is decoded above the
MCP rate, namely Re,min≤R

I
e,dec≤Re,max.

As shown in Fig. 3, the enhancement layer in LPLC encodes
{ẽb}, where ẽb = s−s′b = eb−e

′

b = −qb. The mismatch signal is
ψ = ẽb− êb, which is quantized to {ψ′}, where ψ′ = ψ+ qe,min.
{qe,min} denotes the quantization noise in the enhancement layer
within the MCP loop, whose variance is

σ2
qe,min

= σ2
ψ2−β(Re,min−Rb), (10)

where σ2
ψ denotes the variance of {ψ}. Similar to (3), we derive

the 2D PSD of the mismatch signal as

Φψψ(Λ) = Φqbqb
(Λ)

ˆ

1 − 2αRe{F (Λ)P (Λ)} + α2|F (Λ)|2
˜

+α2Φqe,minqe,min
(Λ)|F (Λ)|2, (11)
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and assume the PSD of {qe,min} as Φqe,minqe,min
(Λ) = σ2

qe,min
.

Thus

σ2
ψ =

σ2
qb

(1 − 2αθfp + α2θf )

1 − 2−β(Re,min−Rb)α2θf
, (12)

and

σ2
qe,min

=
σ2
qb

(1 − 2αθfp + α2θf )

2β(Re,min−Rb) − α2θf
, (13)

where σ2
qb

is obtained by (5), θf by (7), and

θfp ,
1

4π2

ZZ

Λ

Re{F (Λ)P (Λ)}dΛ. (14)

At the encoder in Fig. 3, {ẽb} is reconstructed as {ẽ′b}. At the
decoder, since no drift occurs in the enhancement layer, an iden-
tical MCP step is included and hence the same MCP signal {êb}
attained. To reconstruct {ẽb}, however, a different quantization
procedure might be used, where the quantization noise is {qe,dec}
with variance as

σ2
qe,dec

(I)
= σ2

ψ2−β(RI
e,dec−Rb), (15)

where σ2
ψ is given by (12). Note that σ2

qe,dec

(I)
≤σ2

qe,min
since

RIe,dec≥Re,min. This results in a second quantized version of the
mismatch signal, ψ′′ = ψ + qe,dec, and {ẽb} is reconstructed as
ẽ′′b = ψ′′ + êb. The decoded video signal from both layers is then
obtained as s′e = s′b + ẽ′′b .

The reconstruction error of the enhancement layer is rIe =
s′e−s = (s′e−s

′

b)+(s′b−s) = ẽ′′b +rb. Since ẽ′′b−ẽb = ψ′′−ψ =
qe,dec, we have rIe = ẽb+ qe,dec + rb = −qb+ qe,dec + qb = qe,dec.
Hence the distortion of the enhancement layer in the MSE sense,
as a function of the three types of data rates we specified, is

DI
e(Rb, Re,min, R

I
e,dec) = V ar

n

rIe

o

= σ2
qe,dec

(I)
,σ2

e
(I)

=
1 − 2αθfp + α2θf

2β(Re,min−Rb) − α2θf
2−β(RI

e,dec−Re,min)Db(Rb). (16)

The SNR of the enhancement layer in dB then is

SNRIe(Rb, Re,min, R
I
e,dec) = 10 log10

„

σ2
s

σ2
e
(I)

«

. (17)

Scenario II: The enhancement layer of LPLC is decoded be-
low the MCP rate, namely Rb≤RIIe,dec < Re,min.

As shown in Fig. 4, since drift occurs to the enhancement
layer, the signal applied to the MCP loop at the decoder is no
longer the same as that at the encoder. The reconstruction er-
ror of the enhancement layer is rIIe = s′e − s = ẽ′′b + qb.
We have ẽ′′b = ψ′′∗hαd = −qb + qe,min + ∆qe,dec∗h

α
d , where

∆qe,dec,qe,dec − qe,min, {∗} denotes the convolution operation,
and hαd is the inverse Fourier transform of Hα

d (Ω) , 1/(1 −
αH(Ω)). Thus we have rIIe = qe,min + ∆qe,dec∗h

α
d .

Under the assumptions that uniform embedded quantization
operations are used in the enhancement layer, and drift occurs as a
result of the truncation to the bitstream of the enhancement layer,
the white signals {qe,min} and {∆qe,dec} are approximately uncor-
related with each other, and the variance of {∆qe,dec} is approxi-
mately as

σ2
∆qe,dec = σ2

qe,dec

(II)
− σ2

qe,min
, (18)

where
σ2
qe,dec

(II)
= σ2

ψ2−β(RII
e,dec−Rb). (19)
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Fig. 4. Block diagram of LPLC for the EL with drift

Using the results in [4] and [6], we have V ar
˘

rIIe
¯

as

σ2
qe,min

+ σ2
∆qe,dec

„

∆t

8π3

ZZZ

Ω

E
h

|Hα
d (Ω)|2

i

dΩ

«

= σ2
qe,min

+ σ2
∆qe,dec

„

1

4π2

ZZ

Λ

1

1 − α2|F (Λ)|2
dΛ

«

, σ2
qe,min

+ σ2
∆qe,decθ

α
d . (20)

Hence, the distortion of the enhancement layer in the MSE sense,
as a function of the three types of data rates we specified, is

DII
e (Rb, Re,min, R

II
e,dec)

= V ar
n

rIIe

o

= σ2
qe,min

+ σ2
∆qe,decθ

α
d,σ2

e
(II)

=
1 − 2αθfp + α2θf

2β(Re,min−Rb) − α2θf
“

1 + (2β(Re,min−R
II
e,dec) − 1)θαd

”

Db(Rb). (21)

The SNR of the enhancement layer in dB then is

SNRIIe (Rb, Re,min, R
II
e,dec) = 10 log10

„

σ2
s

σ2
e
(II)

«

. (22)

4. RATE DISTORTION PERFORMANCE EVALUATION
OF LPLC

Similar to [2] and [4], we model the 2D PSD of the input video
signal Φss(Λ) as

Φss(Λ)=

8

<

:

2π
ω2

0

„

1+
ω2

x+ω2

y

ω2

0

«

−3/2

|ωx|≤πfsx, |ωy|≤πfsy

0 otherwise
,

(23)
where fsx and fsy denote the sampling frequencies when {s} is
spatially sampled at the Nyquist rate, and ω0 = πfsx

42.19
=

πfsy

46.15
. We

model the characteristic function of the estimated motion vector
error as

P (Λ) = exp

»

−
σ2

∆d

2
Λ · Λ

–

= exp

»

−
σ2

∆d

2
(ω2
x + ω2

y)

–

, (24)

where σ2
∆d denotes the variance of the estimated motion vector

error. We chose σ2
∆d = 0.04/f2

sx. As shown in Fig. 5, we eval-
uate the rate distortion performance of LPLC with respect to the
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Fig. 5. Evaluation of rate distortion performance of LPLC

leaky factor α according to the closed forms we derived for the
two scenarios of LPLC in Section 3.2. Note that in both (16) and
(21), we chose F (Λ) to be the optimal spatial filter Fopt(Λ), i.e.,
F (Λ) = P ∗(Λ).

Results of Scenario I for LPLC are shown in solid lines in
Fig. 5, where the enhancement layer (denoted as EL in the figure)
does not suffer from drift in LPLC. From (16) and (17), we notice
that when Rb and Re,min as well as the leaky factor are fixed,
SNRIe linearly increases with RIe,dec. We then let RIe,dec = Re,min

in (16), i.e., ẽ′b = ẽ′′b , and vary Re,min between Rb and Re,max, as
described by the solid lines in Fig. 5. We derive the optimal leaky
factor to minimize DI

e as follows

αopt =
γ + 1 −

p

(γ + 1)2 − 4γθf

2θf
, (25)

where γ = 2β(Re,min−Rb). Note that αopt is a function of the MCP
rate in the enhancement layer, namelyRe,min −Rb. WhenRe,min

is sufficiently large, LPLC achieves better performance in the rate
distortion sense with increasing leaky factor. A larger leaky factor
results in a better decoded quality at the same data rate. For ex-
ample, when Re,min = 5 bits/pixel, SNRIe obtains a gain of 3dB
by increasing α from 0 to 0.4, or from 0.4 to 0.9. It is interest-
ing to notice that when the enhancement layer MCP rate is small,
αopt will be far smaller than 1, implying that a larger leaky factor
might yield a less efficient codec, especially when the leaky factor
is close to 1. We believe this conforms with the operational results
we presented in [9].

Results of Scenario II for LPLC are shown by dotted lines in
Fig. 5, where the enhancement layer suffers from data rate trun-
cation. We fix Re,min = 4.0 while vary RIIe,dec between Rb and
Re,min according to (21) and (22). It is observed that larger leaky
factors yield a larger drop in the rate distortion performance when
drift occurs in the enhancement layer, which conforms well with
the published operational results. In our closed form expressions,
the term θαd in (21) stands for the effect of error propagation when
drift occurs. When α approaches 1, we have θαd >> 1. Since
RIIe,dec < Re,min, the term (2β(Re,min−R

II
e,dec) − 1)θαd in (21)

greatly amplifies the distortion with larger leaky factors.
We also evaluated our closed-form expressions with different

choices for the parameter β and the three data rates. We varied β

between 0.8 and 1.5 as suggested in [7], and the base layer data
rate Rb between 0.05 and 1.0. These rate distortion curves present
similar performance as in Fig. 5. We observe that a leaky factor of
0.4-0.6 is a good choice in balancing error resilience performance
and coding efficiency for LPLC.

5. CONCLUSIONS

In this paper, we derived the rate distortion functions for LPLC
in closed form, using an alternative block diagram of LPLC and a
quantization noise model. Two scenarios are considered, where the
enhancement layer stays intact at the decoder or suffers from error
drift. The theoretical analysis demonstrates that the rate distortion
performance of LPLC is closely related to the choice of the leaky
factor, which agrees with the operational results published in the
literature. A leaky factor between 0.4 and 0.6 is shown to be a
good choice.

6. REFERENCES

[1] H.C. Huang, C.N. Wang, and T. Chiang, “A robust fine gran-
ularity scalability using trellis-based predictive leak,” IEEE
Trans. Circuits Syst. Video Technol., vol. 12, pp. 372–385,
June 2002.

[2] B. Girod, “The efficiency of motion-compensation prediction
for hybrid coding of video sequences,” IEEE J. Select. Areas
Commun., vol. SAC-5, pp. 1140–1154, Aug. 1987.

[3] Z. Li and E. J. Delp, “Channel-aware rate-distortion optimized
leaky motion prediction,” in Proceedings of the IEEE Interna-
tional Conference on Image Processing, Singapore, Oct.24–
27, 2004.

[4] G. W. Cook, A Study of Scalability in Video Compression:
Rate-Distortion Analysis and Parallel Implementation, Ph.D.
thesis, School of Electrical and Computer Engineering, Pur-
due University, West Lafayette, IN, Dec. 2002.

[5] J. Prades-Nebot, G. W. Cook, and E. J. Delp, “Analysis of the
efficiency of SNR-scalable strategies for motion compensated
video coders,” in Proceedings of the IEEE International Con-
ference on Image Processing, Singapore, Oct.24–27, 2004.

[6] Y. Liu, P. Salama, G. W. Cook, and E. J. Delp, “Rate-distortion
analysis of layered video coding by leaky prediction,” in Pro-
ceedings of the SPIE International Conference on Video Com-
munications and Image Processing, San Jose, CA, Jan.18–22,
2004, vol. 5308, pp. 543–554.

[7] P.-Y. Cheng, J. Li, and C.-C. J. Kuo, “Rate control for an
embedded wavelet video coder,” IEEE Trans. Circuits Syst.
Video Technol., vol. 7, pp. 696–702, August 1997.

[8] T. Berger, Rate distortion theory: a mathematical basis for
data compression, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey, 1971.

[9] Y. Liu, Z. Li, P. Salama, and E. J. Delp, “A discussion of leaky
prediction based scalable coding,” in Proceedings of IEEE
International Conference on Multimedia and Expo, Baltimore,
MD, July 6–9, 2003, vol. 2, pp. 565–568.

804


	Index
	ICIP 2004 Home Page
	Conference Info
	Welcome Message
	Techincal Program Overview
	Technical Program Committee
	EDICS Categories
	ICIP2004 Paper Submission Statistics
	ICIP2004 Paper Statistics - Final Program
	ICIP2004 Organizing Committee
	Sponsors
	Exhibition
	Venue Access
	Social Activities
	Other Information
	Call for Papers for ICIP2005

	Sessions
	Monday, 25 October, 2004
	MA-S1-Computational Radar Imaging
	MA-L1-Watermarking I
	MA-L2-Face Recognition
	MA-L3-Video Compression Standards I
	MA-L4-Biomedical Image Processing: Segmentation and Qua ...
	MA-L5-Error Resilience / Concealment I
	MA-P1-Image Segmentation: By Color, Texture, and Edge
	MA-P2-Image Filtering and Morphological Processing
	MA-P3-Image Enhancement I
	MA-P4-Video Segmentation
	MA-P5-Low-level Image Indexing and Retrieval
	MA-P6-DCT-based Video Coding
	MA-P7-Image Compression and Applications
	MA-P8-Distributed Source Coding and Others
	MP-S1-Deformable Models and Applications
	MP-S2-Media Security Issues in Streaming and Mobile App ...
	MP-L1-Face Detection, Recognition, and Classification I
	MP-L2-Video Summarization and Browsing
	MP-L3-Image Filtering and Partial Differential Equation ...
	MP-L4-Image/Video Indexing and Retrieval
	MP-L5-Watermarking II
	MP-P1-Video Compression Standards II
	MP-P2-Error Resilience/Concealment II
	MP-P3-Biometrics I
	MP-P4-Image Segmentation: By Multiple Features and Othe ...
	MP-P5-Image Enhancement II
	MP-P6-Video Object Tracking
	MP-P7-Biomedical Image Processing: Compression and Regi ...
	MP-P8-Video Coding

	Tuesday, 26 October, 2004
	TA-S1-Content-based Analysis of Multi-modal High Dimens ...
	TA-S2-Image Forensics
	TA-L1-Feature-based Image Segmentation
	TA-L2-Denoising and Deblurring
	TA-L3-Biometrics II
	TA-L4-Lossy Image Coding
	TA-L5-Wavelet Video Coding and Scalability I
	TA-P1-Stereoscopic and 3-D Processing I
	TA-P2-Face Detection, Recognition and Classification II
	TA-P3-Motion Detection and Estimation: Block Matching
	TA-P4-Feature Extraction and Analysis: Color and Textur ...
	TA-P5-Watermarking III
	TA-P6-Video Indexing, Retrieval and Editing
	TA-P7-Interpolation
	TA-P8-Geosciences and Remote Sensing and Environment
	TP-S1-What is the Latest in Networked Video?
	TP-L1-Super-resolution and Interpolation
	TP-L2-Deblocking, Restoration, and Enhancement
	TP-L3-Motion Estimation and Detection
	TP-L4-Image Segmentation
	TP-L5-Biomedical Image Processing: Compression, Registr ...
	TP-P1-Stereoscopic and 3-D Processing II
	TP-P2-Face Detection, Recognition and Classification II ...
	TP-P3-Video Streaming and Networking
	TP-P4-Shape Extraction and Analysis
	TP-P5-Watermarking IV
	TP-P6-Image/video Storage and Retrieval
	TP-P7-Wavelet Video Coding and Scalability II
	TP-P8-Image Modeling

	Wednesday, 27 October, 2004
	WA-S1-Content Understanding for Home Photograph and Vid ...
	WA-S2-Pattern Discovery in Real-world Broadcast Video
	WA-L1-Image Scanning, Display, and Printing I
	WA-L2-Image Formation I
	WA-L3-Stereoscopic and 3-D Coding &amp; Processing
	WA-L4-Image Coding I
	WA-L5-Source-Channel Coding I
	WA-P1-Motion Detection and Estimation: Optical Flow and ...
	WA-P2-Watermarking V
	WA-P3-Feature Extraction and Analysis I
	WA-P4-Image Segmentation: Level Set and Active Contour
	WA-P5-Transcoding
	WA-P6-Implementations and Systems
	WA-P7-Document Image Processing and Other Applications
	WA-P8-Biomedical Image Processing: Segmentation and Com ...
	WP-L1-Image Representation, Rendering, and Quality Asse ...
	WP-L2-Stereoscopic Image Processing and 3D Modeling
	WP-L3-Feature Extraction and Analysis II
	WP-L4-Image/Video Segmentation and Tracking
	WP-L5-Distributed Source Coding and Scalability
	WP-L6-Video Streaming
	WP-P1-Image Coding II
	WP-P2-Source-channel Coding II
	WP-P3-Stereoscopic and 3-D Coding
	WP-P4-Super-resolution and Mosaic
	WP-P5-Image Formation II
	WP-P6-Motion Detection and Estimation: Other Methods
	WP-P7-Watermarking and Cryptography
	WP-P8-Image Segmentation: Clustering and Statistical Me ...
	WP-P9-Image Scanning, Display, and Printing II

	Tutorials
	Plenary Sessions
	Special Sessions
	Table of Contents of Printed Proceedings

	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1.1.1: Lossy coding
	1.1.2: Lossless coding
	1.1.3: Image compression standards
	1.2.1: DCT-based video coding
	1.2.2: Wavelet-based video coding
	1.2.3: Model-based video coding
	1.2.4: Scalability
	1.2.5: Transcoding
	1.2.6: Video compression standards
	1.2.7: Other
	1.3: Stereoscopic and 3-D Coding
	1.4: Distributed Source Coding
	1.5.1: Source/channel coding
	1.5.2: Networking
	1.5.3: Error resilience / concealment
	1.5.4: Video streaming
	1.5.5: Other
	2.1.1: Linear filtering
	2.1.2: Nonlinear filtering
	2.1.3: Level set and fast marching
	2.1.4: Partial differential equations
	2.1.5: Other filtering techniques
	2.2.1: Multiframe image restoration
	2.2.2: Contrast enhancement
	2.2.3: Deblocking / artifacts removal
	2.2.4: Deblurring
	2.2.5: Denoising
	2.2.6: Other restoration techniques
	2.2.7: Other enhancement techniques
	2.3.1: By edge
	2.3.2: By color
	2.3.3: By texture
	2.3.4: By multiple features
	2.3.5: By other features
	2.3.6: Active-contour / snake-based methods
	2.3.7: Clustering-based methods
	2.3.8: Model-fitting-based methods
	2.3.9: Statistical-classification-based methods
	2.3.10: Morphological-based methods
	2.3.11: Level-set-based methods
	2.3.12: Other segmentation methods
	2.4.1: Video object segmentation
	2.4.2: Temporal segmentation
	2.4.3: Video shot segmentation
	2.4.4: Tracking
	2.4.5: Other video segmentation techniques
	2.4.6: Other tracking techniques
	2.5: Morphological Processing
	2.6.1: Stereo image processing
	2.6.2: 3D modeling &amp; synthesis
	2.6.3: Other techniques
	2.7.1: Color
	2.7.2: Texture
	2.7.3: Shape
	2.7.4: Shading
	2.7.5: Other features
	2.8.1: Perceptual / human visual system
	2.8.2: Source modeling
	2.8.3: Noise modeling
	2.8.4: Other
	2.9.1: Face detection, recognition and classification
	2.9.2: Fingerprint analysis and coding
	2.9.3: Iris analysis
	2.9.4: Human activity, gait analysis, and gaze analysis
	2.9.5: Goal-oriented analysis tasks
	2.9.6: Other
	2.10.1: Interpolation
	2.10.2: Super-resolution
	2.10.3: Mosaic
	2.10.4: Registration / alignment
	2.10.5: Other techniques
	2.11.1: Block matching
	2.11.2: Optical flow
	2.11.3: Parametric model for motion estimation
	2.11.4: Change detection
	2.11.5: Camera calibration
	2.11.6: Other motion detection techniques
	2.11.7: Other motion estimation techniques
	2.12.1: Hardware and software co-design
	2.12.2: Embedded and real-time systems
	2.12.3: Paralleled and distributed systems
	2.12.4: Other system platforms
	3.1.1: Super-acoustic imaging
	3.1.2: Tomographic imaging
	3.1.3: Nuclear and x-ray imaging
	3.1.4: Magnetic resonance imaging
	3.1.5: Other
	3.2.1: Radar imaging
	3.2.5: Multispectral / hyperspectral imaging
	3.2.6: Other
	3.4: Optical Imaging
	3.5: Synthetic-Natural Hybrid Image Systems
	4.1: Scanning and Sampling
	4.2: Quantization and Halftoning
	4.3: Color Reproduction
	4.4: Image Representation and Rendering
	4.5: Display and Printing Systems
	4.6: Image Quality Assessment
	5.1: Image and Video Databases
	5.2.1: Low-level image indexing and retrieval
	5.2.2: Relevance feedback and interactive retrieval
	5.2.3: Content addressable browsing
	5.3.1: Video partition/shot detection
	5.3.2: Video features for retrieval
	5.3.3: Low-level video indexing and retrieval
	5.3.4: Semantic video retrieval
	5.3.5: Content summarization and editing
	5.4: Multimodality Image/Video Indexing and Retrieval
	5.5.1: Watermarking
	5.5.2: Cryptography
	6.1.1: Image segmentation and quantitative analysis
	6.1.2: Computer assisted screening and diagnosis
	6.1.3: Visualization
	6.1.4: Image compression
	6.1.5: Image registration and fusion
	6.2.1: Astronomy
	6.2.2: Geosciences
	6.2.3: Remote sensing
	6.2.4: Environment
	6.3: Document Image Processing and Analysis
	6.4: Other Applications

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Copyright
	Current paper
	Presentation session
	Abstract
	Authors
	Edward Delp
	Paul Salama
	Josep Prades-Nebot
	Yuxin Liu



