
JOINT DATA COMPRESSION AND ERROR PROTECTION FOR COLLABORATIVE
TRANSMISSION

Haitong Sun, Mihaela van der Schaar, and Zhi Ding

Department of Electrical and Computer Engineering
University of California, Davis , CA 95616

sunht,mvanderschaar,zding@ece.ucdavis.edu

ABSTRACT

This paper addresses the problem of efficient and robust
transmission of video over a hierarchical wireless infras-
tructure. First, we compress the data generated by the video
sources using a multi-resolution wavelet coder. Subsequently,
the generated bitstreams are transmitted over a wireless in-
frastructure to multiple regional processing centers (RPCs),
which then send the distorted bitstreams to a common higher-
level processing center/receiver. We propose a symmetric
framework to the joint compression and error protection of
the correlated video bitstreams received by the RPCs. We
show that significantly improved video performance can be
obtained by our framework over a variety of channel condi-
tions.

1. INTRODUCTION

The problem of source coding and joint source-channel cod-
ing for correlated sources has recently received a lot of at-
tention, due to its applicability to many wireless streaming
scenarios. As stated by the Slepian-Wolf Theorem [1], cor-
related sources can be compressed up to their joint entropy
even though the source coding is performed separately, as
long as the joint distribution of sources is known and de-
coding is performed jointly. By exploiting the correlation
information between different sources at the decoder side,
low complexity distributed encoding can achieve the same
efficiency as joint encoding. Thus, proper design allows
complexity transfer from the encoder to the decoder without
performance loss. Pradhan et al. [2] first applied channel
coding concepts for the compression of correlated sources.
Subsequently, several efficient compression schemes based
on Turbo codes [3] [4] [5] [6] and LDPC codes [7] have
been proposed to address similar transmission scenarios.
Distributed source coding (DSC) has also been applied to
image and video coding [8] [9].

Until now, most existing papers have focused on the
asymmetric coding of two correlated sources which assumes
that only one source is compressed and the other one (side-

information) is known perfectly at the decoder. This un-
balanced compression and transmission scenario implicitly
gives different priorities to different sources. Symmetric
DSC is more versatile and has more benefits for generic
wireless systems. Several symmetric joint source-channel
coding scheme have been proposed in [10] [11], with the
output rate of the encoder higher than the input rate.

In this paper, we propose a joint compression and er-
ror protection coding scheme for correlated binary sources
based on LDPC codes. This scheme maintains the powerful
error correcting capability of LDPC codes while still allow-
ing compression. Also as a symmetric coding scheme, it
can be directly generalized to compression and decoding of
more than 2 correlated binary sources

The rest of this paper is organized as following: In Sec-
tion 2, a practical scenario is described that clearly matches
the problem we attack. Next, our compression scheme based
on LDPC codes is described. The decoding strategy is out-
lined. Simulation results are shown in Section 5. Finally,
Section 6 provides the concluding remarks.

2. PROBLEM DESCRIPTION

There are numerous applications involving correlated sources.
We consider a (wireless) network system in which a user
signal is received by more than one intermediate node, re-
ferred to as regional processing center (RPC). A typical ex-
ample of such a scenario is common in an overlapping cel-
lular coverage. The RPC gathers and processes received
(video) signals from transmitters in its coverage area. An
overlapped coverage allows each transmitter to reach more
than one RPCs, albeit with different reliability.

In most wireless networks, lower level nodes are typi-
cally less complex and have stringent constraints on power.
This prompts the concept of distributed coding and data
compression at sensors and RPCs in order to achieve effi-
cient and robust compression and transmission, while trans-
ferring the complexity to receivers at higher level nodes.
In the hierarchical wireless sensor network such as mobile
communication network, each regional processing center
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(RPC) gathers and processes sensor data from their cov-
erage domain and sends sensor data to the next level data
fusion centers.

In this shared media, due to the overlapping of coverage
domains, each RPC receives signals from a group of sen-
sors some of which are partially covered by other RPCs. As
a result, data received by neighboring RPCs are not inde-
pendent. This new form of data correlation can be exploited
effectively by designing new, distributed, joint compression
and error protection (JCEP) codes.

For illustration, we show in Fig 1, how data transmitted
by a sensor is received by two adjacent RPCs. Both RPCs
receive noisy signals that represent the original source bit-
stream bk. Thus, the two detected bit-streams x

1 and x
2

are obtained as outputs of two random binary symmetric
channels (BSC) that have a common input bk. We view this
as a form of collaborative binary transmission.

Fig. 1. Collaborative data transmission joint decoding.

It should be noted that this collaborative binary trans-
mission model can also be employed in other practical sce-
narios. One example is in streaming data over different
wireless paths over ad-hoc networks. Also in systems where
ARQ is used, the same data stream are re-transmitted to the
RPC receiver.

We now describe our new distributed encoding strategy.

3. JOINT DATA COMPRESSION AND ERROR
PROTECTION

Now we present a practical symmetric compression scheme
for the above correlated sources which achieves good error
protection ability using high rate (n,k) LDPC code.

We divide the binary source in blocks of length K. The
information sequence transmitted by the sensor is denoted
as b = [b1, b2, · · · , bK ]. This message sequence is received
with different distortion by two RPCs. We denote the 2 RPC
receptions as
x

1 = [x1
1, x

1
2, · · · , x1

K
] and x

2 = [x2
1, x

2
2, · · · , x2

K
].

With transmission errors, the relationship between b and
x

1,x2 can be modelled as 2 separate BSC channels with
known crossover probability of p1 and p2 respectively. Our
goal is to compress x

1,x2 distributively and symmetrically.
For the conventional asymmetric source codings scheme

based on LDPC codes [7], x1 will be looked as a corrupted
codeword, which is multiplied by the low density parity
check matrix. Compression is achieved by only transmit-
ting the syndrome. This syndrome coding was first intro-
duced in [2]. In our approach, we encode both sequences
x

1 and x
2 using LDPC codes. The two full LDPC code-

words are [s1
c
1] and [s2

c
2]. This encoding step is similar

to the LDGM codes used in [11]. However, we do not need
to limit our proposed framework to the LDGM codes, which
are a subclass of LDPC codes. We can choose different
codes for various rate-distortion-complexity requirements.

The parity bits of different encoders are not correlated.
For data compression, each encoder punctures only half of
information bits. Either random puncturing or regular punc-
turing can be used. As an example, we will puncture odd
information bits in one encoder and even information bits
in the other.
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Fig. 2. Joint decoding mechanism

On the decoder side, conventional iterative brief propa-
gation decoding algorithm for LDPC is performed based on
the bipartite graph shown in Fig. 2. In order to perform this
algorithm, each decoder must acquire half of the informa-
tion bits from the soft information exchange between the 2
decoders. Denote the output Log Likelihood Ratio (LLR)
of the information bits from LDPC decoder as

S(xl

i) = log(
Pr{xl

i
= 1|rl}

Pr{xl
i
= 0|rl}

), l = 1, 2; i = 1, 2, · · · , k

By exchanging the soft information several time. Two de-
coders output LLR of the decoded sequence x

1 and x
2. Fi-

nal joint decoder processes this soft information and pro-
duces the LLR of decoded sequence b̂ from the relation-
ship.

S(b̂i) = log(
(1 − p1)e

S(x1

i
) + p1

p1eS(x1

i
) + (1 − p1)

)+log(
(1 − p2)e

S(x2

i
) + p2

p2eS(x2

i
) + (1 − p2)

)
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4. APPLICATION TO VIDEO STREAMING

To enable robust and flexible transmission of video over
wireless networks, scalable compression schemes, e.g. mo-
tion compensated wavelet video schemes, can be employed.
In [12][13], we proposed a 3D multi-resolution wavelet video
coding scheme referred to as In-Band Motion Compensated
Temporal Filtering (IBMCTF). IBMCTF is more suitable
for the encoding and adaptive transmission of video over
heterogeneous networks to diverse capability devices than
conventional motion-compensated wavelet video coding tech-
niques due to the following advantages:

• improved coding efficiency;

• true multi-resolution representation of the content by
enabling adaptation of temporal-resolution (frame-rate)
per spatial resolution level;

• improved complexity scalability (e.g. different tem-
poral filtering strategies can be employed for the dif-
ferent resolutions spatial bands).

This video coder will be tested with our JCEP codes in
the simulation.

5. SIMULATION RESULTS

We test our proposed scheme in a wireless network scenario.
The simulation condition is summarized as follows:

• Two BSCs have p1 = p2 = 10−5

• A (1020,766) Regular LDPC Code [14] is used in
both RPCs transmitters to achieve a compression ratio
of 5/6. Specifically, for every block of 766 informa-
tion bits into the encoder, 254 parity check bits are
generated. Together with half of the information bits
(383), a total of 637 bits are transmitted. input bits.

• Each LDPC decoder iterates 20 times after which soft
information is exchanged up to 5 times. This joint
decoding process will stop either after 5 iterations or
when the decoded sequences satisfy the parity check
equations.

Figure 3 shows the resulting frame error rate (FER) im-
provement. The FER is shown for a) single RPC transmis-
sion without compression, b) dual transmission by (both)
RPCs without compression and c) JCEP encoding and joint
iterative decoding. The detector for scenario b) performs a
maximum likelihood combining. The results illustrate that
the JCEP strategy not only increases the throughput perfor-
mance, but also significantly reduces the FER.

To illustrate the impact of the proposed JCEP system
on video performance, we show in Table 1 the PSNR for

various sequences encoded at 300kbps using the IBMCTF
coder. Sequences exhibiting PSNR values lower than 15dB
result in a very poor visual quality. The results illustrate the
advantages of using JCEP as opposed to (a) single RPC and
(b) 2 RPC transmission without compression. Note that,
for these results, no unequal error protection (UEP) was de-
ployed for the various multi-resolution layers. If UEP were
employed (though e.g. MAC layer ARQ or application layer
FEC), improved results would have been obtained for the 2
RPC case given an Eb/No above 5dB.

In the above FER case, two sources x
1 and x

2 are highly
correlated since the error probability is 10−5. In order to
better understand the performance of the proposed JCEP
scheme, we also test the case when the BER is much higher
at p1 = p2 = 10−3. In this case due to high loss in two
BSCs, full frame recovery may require additional coding.
Here the bit error rate (BER) is shown in Fig 4. Similar
to Fig 3, a improvement of about 5-6 dB is also achieved
compared with dual transmission without compression.
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Fig. 3. Frame Error Rate Performance of our proposed
JCEP scheme with p1 = p2 = 10−5

6. CONCLUSION

We propose a symmetric approach to the joint compres-
sion and error protection of correlated video bitstreams. We
show that standard LDPC codes can be adopted for rate re-
duction and error protection. In addition to providing com-
pression, this coding scheme also has strong error correction
capability. Simulation results demonstrate the effectiveness
of this method for video and packetized data transmission.
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Fig. 4. Bit Error Rate Performance of our proposed JCEP
scheme with p1 = p2 = 10−3

Table 1. PSNR performance improvement (in dB) for dif-
ferent Eb/N0 using JCEP strategies

Sequences PSNR PSNR PSNR
(coded @ Eb/N0 = 4dB Eb/N0 = 5dB Eb/N0 = 7dB
300kbps) (a) (b) (c) (a) (b) (c) (a) (b) (c)
foreman < 10 < 10 29.4 < 10 23.4 29.4 < 10 27.12 29.43

Coastguard < 10 < 10 26.5 < 10 23.0 26.5 < 10 25.03 26.50

7. REFERENCES

[1] D. Slepian and J.K. Wolf, “Noiseless coding of cor-
related information sources,” IEEE Trans. on Inform.
Theory, pp. 471–480, July 1973.

[2] S.S. Pradhan and K. Ramchandran, “Distributed
source coding using syndromes(discus): Design and
construction,” in Proc. IEEE DCC, Mar. 1999, pp.
158–167.

[3] J. Garcia-Frias and Ying Zhao, “Compression of
binary memoryless sources using punctured turbo
codes,” IEEE Communications Letters, pp. 394–396,
Sept. 2002.

[4] A.D. Liveris; Zixiang Xiong; and C.N. Georghiades,
“A distributed source coding technique for correlated
images using turbo-codes,” IEEE Communications
Letters, pp. 379–381, Sept. 2002.

[5] J. Bajcsy; P. Mitran, “Coding for the Slepian-wolf
problem with turbo codes,” in Global Telecommuni-
cations Conference, Nov 2001, pp. 25–29.

[6] A. Aaron and B. Girod, “Compression with side infor-
mation using turbo codes,” in Proc. IEEE DCC, Apr.
2002, pp. 2–4.

[7] A.D. Liveris; Zixiang Xiong; and C.N. Georghiades,
“Compression of binary sources with side information
at the decoder using LDPC codes,” IEEE Communi-
cations Letters, pp. 440–442, Oct. 2002.

[8] Rui Zhang A. Aaron; S. Rane and B. Girod, “Wyner-
ziv coding for video: applications to compression and
error resilience,” in Proc. IEEE DCC, Mar. 2003, pp.
25–27.

[9] R. Puri and K. Ramchandran, “Prism: an uplink-
friendly multimedia coding paradigm,” in Proc.
ICASSP ’03, Apr. 2003, pp. 856–859.

[10] W. Zhong; H.J. Lou and J. Garcia-Frias, “LDGM
codes for joint source-channel coding of correlated
sources,” in Proc. IEEE. ICIP, Sept. 2003, pp. 593–
596.

[11] J. Garcia-Frias and J.D. Villasenor, “Joint turbo de-
coding and estimation of hidden Markov sources,”
IEEE Journal on Selected Areas in Communications,
pp. 593–596, Sept. 2003.

[12] Y. Andreopoulos; M. van der Schaar; A. Munteanu;
J. Barbarien; P. Schelkens and J. Cornelis, “Fully-
scalable wavelet video coding using in-band motion
compensated temporal filtering,” in Proc. IEEE.
ICASSP, Apr. 2003, pp. 417–420.

[13] Y. Andreopoulos; M. van der Schaar; A. Munteanu;
P. Schelkens and J. Cornelis, “Spatio-temporal snr
scalable wavelet coding with motion-compensated
DCT base-layer architecture,” in Proc. IEEE. ICIP,
2003, vol. II, pp. 795–798.

[14] Shu Lin; Lei Chen; Jun Xu and I. Djurdjevic, “Near
Shannon limit quasi-cyclic low-density parity-check
codes,” in Proc. IEEE. GLOBECOM, Dec. 2003, pp.
1–5.

536


	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
	Zhi Ding
	Mihaela Van der Schaar
	Haitong Sun



