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ABSTRACT 

Compressed video streams are very exposed to channel 
losses when they are transmitted through an unreliable 
network. The predictive encoding scheme is efficient but 
even a single packet loss can cause decoding error 
propagation through all the frames following the erasure. 
An error-resilience approach to tackle this problem is the 
multiple description coding (MDC) technique. Another 
important issue connected to this approach is the problem 
of the error-concealment (EC) used to reconstruct the 
information lost during the transmission.  
In this paper we deal with sequence-based EC algorithm 
that performs the error-concealment by using the 
information coming from a certain number of frames in 
the future to minimize the effect of error propagation. 
Target of this work is applying such EC strategy to a 
balanced MDC system. Simulation results show the great 
improvement that a sequence-based EC algorithm can 
give compared to classical EC approaches. 
 

1. INTRODUCTION 
 

In recent years the volume of multimedia data transmitted 
over best-effort networks (such as the Internet) has 
continued to increase while packet loss and delay still 
remain an issue. Scientific literature and standards 
propose to encode the video using predictive coders. 
These kinds of coders are commonly used because they 
exploit the temporal source correlation to achieve better 
compression. The main drawback of a predictive coding 
scheme is that even a single packet loss can cause 
decoding error propagation through all the samples or 
frames following the erasure.  
An approach to tackle the problem of error propagation is 
applying a multiple description coding (MDC) technique 
[1]. The MDC approach consists in generating two or 
more data streams containing descriptions of the source 
that, when combined, provide a good approximation of 
the source, but that can also be decoded independently. 
The source descriptions are sent to the receiver over 
different channels or, in the context of a best-effort 
network, they are sent over the same network but they are 
expected to experience independent losses. In balanced 

MDC the two descriptions are mutually refining while in 
unbalanced (UMDC) one description has a high quality 
and the other has low, but acceptable, quality. In this 
scheme the low-resolution description is primarily used as 
redundancy, to be used only in case of error in the high-
resolution one.  
Many approaches have been proposed to realize MD 
video coding [2], [3], [4], [5] which provide a strong 
robustness against packet loss especially at high loss rate.  
Another important issue in robust video transmission is 
the problem of error-recovery. In fact it is necessary 
applying an error-concealment (EC) strategy in order to 
better reconstruct the information lost during the 
transmission.  
The literature proposes two classical solutions: temporal 
and spatial EC. The former method consists on using the 
information coming from the previous received frame 
while the latter uses the information correctly received 
about the actual frame itself.  
An alternative EC approach for video is proposed by 
Ortega et al. [4]. They present a sequence-based algorithm 
that performs the error-recovery by using the information 
coming from a certain number of frames in the future to 
minimize the effect of error propagation. This EC 
approach is effective in predictive encoders because it 
exploits the temporal correlation between the frames. To 
reach such a result, a side-information stream is needed. 
Intuitively we can think at this stream as an approximated 
version of the video source, e.g., a low-resolution stream. 
Thus we can associate each pixel in the video sequence to 
a correspondent approximated value of the side-
information stream. Different systems are designed to 
obtain side-information in different ways. The work in [4] 
is built on an UMDC system and the side-information is 
carried by a low-resolution stream that takes a little 
percentage of the total bit-rate according to the packet loss 
rate of the channel. The results are interesting but the 
system suffers, among the others, the problem of the 
error-free transmission (extra-bandwidth) of the LR 
stream. The main drawback of this EC algorithms is to 
have an additional latency connected to the number of 
frames in the future used to perform the error recovery 
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and, e.g., in [4], the presence of an extra-bandwidth LR 
stream.  
Target of this work is to apply a sequence-based error-
concealment strategy to a Balanced MDC system. In fact 
the BMDC systems have the advantage that each 
description can be independently decoded. In this way, if 
a loss corrupts a description, then the other descriptions 
are error-free and can be used to create the side-
information necessary to apply a sequence-based EC, 
without the addition of any other LR stream that would be 
necessary when using an UMDC approach like that 
reported in [4]. We think this technique can be effective in 
both the MDC schemes that use or not drift-compensation 
terms. We expect the EC strategy performs better when 
the number of descriptions is greater than two [5]. This 
last consideration is motivated by the chance, for these 
MDC schemes, to obtain a lower side-distortion and thus 
a higher quality side-information stream that increases the 
effectiveness of the EC algorithm.  
In this work we refer to a system (called Independent 
Flow Multiple Description Video Coding, IF-MDVC [5]) 
based on a spatial polyphase down-sampler along 
columns to provide up to four descriptions per frame. We 
focus our attention on this system to show the 
effectiveness of sequence-based EC algorithm on BMDC 
system, but we believe that similar results can be achieved 
on other BMDC systems. 
The rest of the paper is organized as follows. Section 2 
presents in details the sequence-based EC strategy, while 
Section 3 is dedicated to the IF-MDVC system: review of 
the algorithm, creation of side-information stream from 
the correctly decoded descriptions, and application of the 
sequence-based EC algorithm. Section 4 shows the 
simulation results and then the conclusions. 

 
2. SEQUENCE-BASED ERROR-

CONCEALMENT ALGORITHM 
 

Given a video source v, we consider coding it in 
predictional way. It means that each pixel x at the time n 
can be expressed as the sum of its reference value in the 
previous frame n-1 and a prediction error e as in Equation 
(1) 

 

 )()1()( )( nenxnx v
i

v
nMVi

v
i v

i
+−=

+
 (1) 

 

where i refers to the pixel location and MVi is the motion 
vector related to the pixel i, i.e., the location of the 
reference value in frame n-1 of the pixel i is i+MVi(n). 
Such a scheme provides excellent coding efficiency but it 
suffers by the error propagation drawback. In fact if at the 
frame k the prediction error )(kev

i
 and the motion vector 

)(kMV v
i

 are lost, then, according to equation (1), )(kxv
i

 is 
unknown. In turn, the pixels in frame k+1 that uses )(kxv

i
 

as reference value cannot be correctly reconstructed, and 
so on in successive frames.  
The goal of the sequence-based EC algorithm is to 
recover the pixel value )(kxv

i
 in the frame k where we had 

the loss, trying to minimize the effect of error propagation 
in a certain number F of frames in the future.  
Before describing the algorithm, we state the sequence-
based EC strategy needs at the decoder side (where the 
EC algorithm is performed) a side-information stream. 
Intuitively we can think of this stream as an approximated 
version of the video source, e.g., a low-resolution stream. 
Thus at the decoder side, we can associate each pixel in 
the video sequence with a correspondent approximated 
value coming from the side-information stream. In this 
paper we will try to obtain the side-information for a lost 
description from the other descriptions not corrupted by 
the losses. 
Given the side-information )(kxa

i
, the sequence-based EC 

algorithm tries to restore the lost pixel value )(kxv
i

 with a 
value )(ˆ kxv

i
 that minimizes the average distortion (in 

terms of MSE over F frames in the future) between the 
video sequence, that we obtain substituting the lost value 
with )(ˆ kxv

i
 and bringing ahead the decoding process for F 

frames in the future, and the corresponding side-
information stream. In other words the reconstructed pixel 
value in frame k minimizes the error propagation 
(considering F frames in the future) respect to the side-
information. When the quality of the side-information 
increases, then the accuracy of the EC algorithm increases 
too. Moreover, there is the same effect when we enlarge 
F. 
More formally, the sequence-based EC algorithm 
minimizes the mean square error, E(F), as defined in 
equation (2) [4]. The first two terms of the sum in 
equation (2) represent the decoded video sequence 
starting from the reconstructed value and the 
corresponding side-information stream: 
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where the contribution of the side-information and that of 
the prediction error in each frame are determined 
following the path indicated by the motion vectors. 
Equation (2) is then differentiated with respect to )(ˆ kxv to 
determine the optimum reconstructed value of the lost 
pixel, which is shown in equation (3): 
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A different interpretation of equation (3) suggests the EC 
implementation scheme. In fact the reconstructed value 
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can be seen as the average of F values that corresponds to 
the F side-information samples retro-propagated (up to 
the lost frame) through the right received error prediction 
values. Figure 1 shows the error-recovery functional 
scheme in the case of F=4.  

 
Figure 1. EC scheme for F=4 and loss on the flow f at frame k. ev 

are the prediction errors and xa the side-information samples. 

 
3. SEQUENCE-BASED ALGORITHM APPLIED 

ON IF-MDVC SYSTEM 
 

The IF-MDVC system proposes to split the video source 
in N separate flows [5]. For N=4 the input source is fed 
into the MD block that provides 4 independent flows for 
each frame by applying a polyphase down-sampler (x2) 
along rows and columns. Then each description is coded 
using conventional hybrid encoder architecture. The 
whole coding process can be seen as the application of a 
predictive coder to 4 distinct versions of the same video 
source.  
At the decoder side, if the transmission is error-free, the 
four video flows are merged to restore the full resolution. 
If packet loss occurs, an EC algorithm is applied. As well 
in [5] it is shown how the spatial EC performs better than 
the temporal one in the case of N=4.  
In the rest of this paper we consider the case of IF-
MDVC, but we think similar results can be obtained by 
considering any other MDC system. 

 
3.1. Side-Information Creation from the Correctly 
Decoded Descriptions 
 
Let F be the number of frames considered in the future 
and N=4 the number of flows. For sake of simplicity, let 
us consider first the case of single loss (on the flow d at 
frame k) and only the usage of predictional coded frames 
inside the stream.  
In this simple loss scenario, the only flow affected by 
error propagation is the flow d. The other three flows can 
be correctly decoded. What we propose is to obtain the 

side-information )( jkxa +  for the flow d at the frame k+j 
(∀ Fj <≤0 ) by spatial interpolating the three correctly 
received descriptions at the frame k+j. We highlight that 
this interpolation process is a mere spatial operation and 
thus it proceeds frame by frame. In such way we can 
obtain an approximation of the pixel values for the 
description d  (i.e., its side-information) for every frame 
from the loss on. 
Let us consider now the more complicated case of 
multiple losses over the flows. The goal is to recover the 
single loss in the flow d at frame k. Two events are worth 
taking into account: first the loss of other data on the same 
flow d(in a frame k+j with Fj <≤0 ) and second the loss 
of data within the other three flows that can prevent 
obtaining the side-information for flow d. 
The problem is thus to estimate the maximum number F’ 
of frames that is possible to consider in the sequence-
based EC algorithm according to the experimented losses. 
We find that F’ can be obtained by Equation (4). Let us 
briefly explain the meaning of the three terms: 

 

{ }MLFF ,,min'=  (4) 
 

• F is the maximum number of frames that can be 
considered, assigned by the application. Therefore F’ 
cannot exceed F.  

• L is the number of frames in flow d between frame k 
(where we experimented the loss we are recovering) 
and the eventual successive loss (say frame h). L can 
be expressed as L=h-k. In fact, if we experiment a 
loss in frame h (we lose MVs and predictional error) 
we are not able to apply further the Equation (3) and 
we are obliged to stop it at frame k + L. 

• M takes into account the losses in the other three 
flows different from d. In fact, if we experiment a 
loss in a flow m ( dm ≠ ) at the frame k+j then the 
description m cannot be decoded after that frame and 
thus flow m cannot be further used for the creation of 
the side-information from that frame on. M is the 
number of last frame where at least one description m 
( dm ≠ ) can be decoded. 

 

Given that the proposed EC algorithm proceeds 
independently loss-by-loss, we describe its steps for a 
single loss (flow d, frame k):  

• Determination of F’ given the position of the 
experimented losses in the frames k+j with Fj <≤0 . 

• Creation of the side-information for flow d for the 
frames k+j with '0 Fj <≤ . According to the 
definition of F’, we are certainly able to create a side-
information for each frame in the considered interval.  

• We restore the lost samples by using, pixel by pixel, 
the Equation (3), substituting F’ to F. 
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4. SIMULATION RESULTS 
 

In this section we present the simulation results when we 
apply a sequence-based EC algorithm on IF-MDVC 
system. We analyze the case of 4 descriptions.  
We encode ‘Foreman’ and ‘Akiko’ sequences (QCIF, 7.5 
fps) with IF-MDVC (N=4) with fixed quantizer at 20. We 
transmit the coded MD streams over an unreliable channel 
with variable packet loss rate form 0 to 20%. In different 
experiments we use different window lengths for the 
sequence-based EC algorithm (F from 1 to 10). We 
remind that F=1 means using, in the EC algorithm, only 
the frame where we experiment the loss and thus it is 
equivalent to the classical spatial EC.  
Figure 2 presents the average PSNR for ‘Foreman’ 
sequence at different PLR and number F of frames used in 
EC algorithm. The top line (PLR=0%) refers to error-free 
situation where, of course, the window length of the EC 
algorithm does not affect the PSNR. On the contrary, it is 
evident the PSNR improves increasing F in error-prone 
situations (PLR=3-20%). The gain is more evident at high 
PLR where it is about 2.5 dB passing from F=1 (classical 
spatial EC) to F=10. It is interesting to note that the 
significant gain is done passing from F=1 to use few 
frames in EC algorithm (F=2 or 3) and then the 
performance tends to not increase very much using F>4. 
Intuitively, one reason it that, even if we set F to a high 
value, then the effective number of frames used in the EC 
algorithm is F’, as defined in (4), that strongly depends on 
the packet loss rate. In fact, e.g., at PLR=20%, using F=5 
or 10 produces a very similar average values of F’ due to 
the presence of high loss rate that leads to similar PSNR 
for both the cases. Similar consideration can be done for 
‘Akiko’ sequence, whose performance is reported in 
Figure 3. The goodness of the approach is confirmed by 
Figure 4 that reports for ‘Foreman’ the PSNR tracks in the 
time at PLR=5% for several values of F. 
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Figure 2. Average PSNR for ‘Foreman’ sequence at different 

PLR and number F of frames used in EC algorithm. 

 
Figure 3. Average PSNR for ‘Akiko’ sequence at different PLR 

and number F of frames used in EC algorithm. 

 

 
Figure 4. PSNR tracks in the time for ‘Foreman’ at PLR=5% for 

different values of F. 

170


	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
	Marco Fumagalli
	Nicola Franchi
	Rosa Lancini



