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Message from MMTC Chair

Dear MMTC fellow members, 
 
As we are moving into spring, MMTC is 
entering its best momentum in history, as many 
interesting directions are currently explored by 
groups of our active members voluntarily.  
 
The ICME 2011 (Barcelona, Spain) effort, led by 
Dr. Irene Cheng, so far has been very successful, 
and we are looking forward to see 1200+ paper 
submissions in the main program, workshops 
and industry/short paper sessions. As the 
workshops and short paper sessions are still open 
for submissions right now, I encourage all our 
members to consider this opportunity seriously 
and plan to witness this recording-breaking event 
in ICME history in person during summer. More 
information of this event can be found at ICME 
official website: http://www.icme2011.org/ 
 
On the other hand, the election of the TPC Chair 
of IEEE ICME 2012 (Melbourne, Australia) and 
Steering Committee member of IEEE CCNC, 
representing MMTC, has been conducted during 
the past month. More than 20 nominees in total 
have been nominated for these 2 positions, and 
an independent committee formed by our 40 IG 
Chairs has been setup; the committee carefully 
considered all the nominations and voted to 
decide the final winners. I am in the position to 
report to you that Prof. Jianfei Cai, Nanyang 
Technological University, Singapore, has been 
elected to become the TPC Chair of IEEE ICME 
2012 representing MMTC, and Dr. Chonggang 
Wang, InterDigital Inc., USA, has been elected 
to become the Steering Committee member of 
IEEE CCNC, representing MMTC. Please join 
us in congratulating Drs. Cai and Wang for their 
new roles and hope they will bring more TC 
members into these 2 important conferences and 
promote our TC in their efforts. We would also 
like to thank Dr. Wenjun Zeng, Steering 
Committee Chair of ICME, and Dr. Rob Fish, 
Steering Committee Chair of CCNC, for their 
constant supports to MMTC. 
 
As a new feature, from now on, MMTC 
introduces the Invited/Keynote Talk series to 
promote the communications and knowledge 
sharing among our TC members and Interest 
Groups. The talks are delivered by high-profile 
speakers via ComSoc teleconference system, and 

the talks are 
open to all TC 
members. The 
talk information 
will be 
announced in 
MMTC E-
Letter and 
online 
platforms ahead 
of time. 
 
In principle, 
there are two 
categories of 
invited talks: 

• MMTC Invited Talks on Special Topics: 
the speakers are invited by IGs and they 
speak via IG teleconference calls on 
topics related to the main themes of our 
IGs. 

• MMTC Technical Keynote Talks: the 
speakers are nominated by IG Chairs 
and they give talks on our monthly TC 
teleconference calls on topics of wide 
interests to our TC members.  

 
It is worth mentioning that this effort is greatly 
inspired by the successful trial of QoE IG invited 
speaker series, led by Dr. Lingfen Sun and her 
team. I would like to thank Dr. Jianwei Huang, 
who is currently deploying this feature in our TC 
platform. Appreciation also goes to Drs. Kai 
Yang and Liang Zhou, who are leading the 
Services/Publicity and E-letter boards during the 
implementation process. We hope this new 
feature will fly and benefit our members. 
 
As usual, it is time to nominate the following 
Awards (current TC chairs/vice chairs and 
Award board members and chairs are not eligible 
to be nominated): 

• Distinguished Service Award: this 
award is set to recognize long-term TC 
member who had made significant 
contribution to this community; 

• Outstanding Leadership Award: this 
award is set to recognize our IG Chairs, Co-
Chairs, or Board Directors, who have made 
significant contribution to TC. Please send your 
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nomination to me at haohongwang@gmail.com 
by March. 15, 2011 with a justification letter in 
MS-Word format. 
  
At the meantime, the Award Board will start to 
meet to select the Best Paper Awards winners 
from the recommended papers in the past R-
Letters. If you think a paper is in Award quality, 
please help to nominate it to our R-Letter Board, 
as all papers reviewed in the R-Letter will 
automatically enter the pool of Best Paper Award 
nominees. 
 
At last but not the least, I would like to 
encourage our members to submit papers to the 

following important conferences fully supported 
by MMTC: 

• IEEE ICME 2011 (workshops and short 
paper sessions) at Barcelona, Spain 
(http://www.icme2011.org/). The paper 
submission deadline is March 10, 2011. 

• IEEE GLOBECOM 2011 at Houston, 
Texas (http://www.ieee-globecom.org/) 

 
Thank you very much! 
 
Haohong Wang 
Chair of Multimedia Communication TC of 
IEEE ComSoc 
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Message from E-Letter Director 

Dear MMTC Fellow Members, 
 
Welcome to the March issue of E-Letter! 
 
First of all, I’d like to call your attention to the 
call for papers of Globecom 2011 CSSMA 
symposium on Page 6-7. CSMMA is the sole 
symposium sponsored by MMTC in Globecom 
11. The submission deadline has been extended 
to March 20th. We encourage all MMTC 
members to submit your papers to this 
symposium.  

Another important issue I’d like to draw your 
attention to is the nominations of MMTC 
technical speakers. The MMTC technical speaker 
program is a new initiative that provides 
excellent opportunities to share knowledge and 
research findings among all MMTC members. 
Detailed information about the nomination 
process and the procedure of speaker selection 
can be found in Vice Chair of MMTC, Dr. 
Jianwei Huang’s message on Page 8. The first 
talk of the MMTC invited speaker program will 
be given by Dr. Weisi Lin from QoE for 
multimedia communications interest group of 
MMTC. Dr. Lin will give a review of perceptual 
quality metrics for images and videos. Please 
check out details about this talk and the call in 
information on Page 9-11.   

We would like to thank Dr. Andres Kwasinski,  
Dr. Deniz Gunduz, and Dr. Tommaso Melodia 
for organizing a fantastic special issue on  

 

Multimedia Distributed Networks. This special 
issue brings together seven groups of top-notch 
researchers from five countries (USA, Spain, 
Canada, Italy, and Germany) to share their recent 
research findings in the field.  Please find more 
details about this special issue from the editorial 
on Page 12. 

In the Technology Advances Column, the guest 
editor Dr. Chenggao Han from University of 
Electro-Communications Japan has put together 
an excellent issue on Multimedia over 
Heterogeneous Networks. It includes a wide 
variety of topics related to multimedia 
transmissions over heterogeneous networks, 
ranging from instability behavior of 
heterogeneous multimedia networks to 
multimedia information sharing in mobile social 
networks. Please check it out starting from Dr. 
Han’s editorial on Page 40. 
 
As always, I’d like to thank all editors and 
authors for their support and great efforts. We 
hope you enjoy reading this issue. 
 
 
Kai Yang 
 
 
Co-Director IEEE ComSoc MMTC E-letter 
Bell Labs, Alcatel-Lucent 
http://www.ee.columbia.edu/~kyee/
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Call for Papers: Globecom 2011-CSSMA Symposium 
 
Symposium Co-Chairs 
 
Hsiao-Chun Wu, Louisiana State University, USA 
wu@ece.lsu.edu 
Xianbin Wang, University of Western Ontario, Canada 
xianbin.wang@uwo.ca 
Pascal Lorenz, University of Haute Alsace, France 
lorenz@ieee.org 
Marcus Brunner, NEC Lab Europe, Germany 
brunner@computer.org 
 
Scope and Motivation 
 
The Communications Software, Services and Multimedia Applications Symposium will provide an 
international technical forum for discussing and presenting recent research results on any aspects of 
software, services, and multimedia communications. It aims at bringing together experts from industry and 
academia to exchange ideas and present results on advancing the state-of-the-art and overcoming research 
on the challenging issues related to the software design and system deployment of services over 
heterogeneous networks. Papers may present theories, techniques, applications, or practical experiences 
related to that. 
For details about submission deadline, paper format, and on-line submission procedures, please visit the 
main GC 2011 page. 
 
Main Topics of Interest 
 
� Network and Service Management and Provisioning 

• Multimedia QoS provisioning 
• Quality of Experience for rich communication services 
• End-to-End quality of service routing algorithms 
• Service creation, delivery, management 
• Network management 
• Virtual home environment 
• Charging, pricing, business Models 
• Triple play services 
• Security and privacy in network and service management 
• Service overlay networks 
• Cooperative networking for streaming media content 

� Next Generation Services and Service Platforms 
• Mobile services and service platforms including IMS 
• Home network service platform 
• VoP2P and P2P-SIP services 
• Converged application/communication servers and services 
• Location-based services 
• Social networking communication services 
• Advanced communication services and feature interaction 

� Multimedia Applications and Services Including Rich Communication Services, VoIP, IPTV, 
Gaming 

• Multimedia delivery over wired and wireless networks 
• Distributed Visualization or rendering over wired and wireless networks 
• Cross-layer optimization for multimedia service support 
• Multicast, broadcast and IPTV 
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• Media streaming 
• Peer-to-Peer services 
• Scalability and reliability issues by multimedia applications 
• Video quality assessment and impairment concealment 

� Software and Protocol Technologies for Advanced Service Support 
• Ubiquitous computing services and applications 
• Networked autonomous systems 
• Communications software in vehicular communications 
• Web services and distributed software technology 
• Distributed systems and applications, including Grid and cloud computing services 
• Peer-to-Peer technologies for communication services 
• Service overlay networks 
• Context awareness and personalization 
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Call for Nominations of MMTC Technical Speakers 
 

Dear MMTC Members, 
 
To encourage active knowledge sharing among 
MMTC members, the TC decides to set up two 
technical speaker programs.  
 
(1) MMTC Invited Speakers on Special Topics: 
each Interest Group (IG) invites experts to speak 
during IG teleconference calls on topics related 
to main themes of the IG. The IG Chair solicits 
nominations from IG members and decides on 
the speakers and schedule.  
 
(2) MMTC Technical Keynote Speakers: TC 
invites experts to speak during TC teleconference 
calls on topics of wide interests to MMTC 
members. The TC solicits nominations from IG 
Chairs (no more than ONE speakers per year per 
IG) and decides on the speakers and schedule.  
 
The Services/Publicity and E-letter boards will 
work together to publicize the above two speaker 
series in both monthly E-letters and MMTC 
online community, including the title, schedule, 
talk abstract, speaker bio, and teleconference 
access methods.  
 
Speaker Selection Procedure:  
 
(1) For MMTC invited Speakers on Special 
Topics: To nominate a speaker to one of the 13 
IG Chairs 
(http://committees.comsoc.org/mmc/activities.as
p), the nominator should be a member of that IG. 
Self-nomination is allowed. Simultaneous 
nominations to multiple IGs should be avoided. 
Once a talk is scheduled, the IG Chair should 

inform the following board leaders no later than 
20th of the month before the talk for publicity 
reasons. 
 

• Dr. Kai YANG, Co-Director of E-letter 
Board (email: kaiyang[at]ieee.org) 

• Dr. Liang ZHOU, Co-Director of 
Services/Publicity Board (email: 
liang.zhou1981[at]gmail.com) 

 
The required information includes talk title, talk 
abstract, speaker bio, and talk time. Dr. Zhou 
will work with IGs on the technical aspects of 
the teleconference calls. 
 
 
(2) For MMTC Technical Keynote Speakers: 
each IG Chair should nominate the speaker to the 
following TC officer no later than TWO months 
ahead of the earliest proposed talk dates.   
 

• Dr. Jianwei Huang, Vice-Chair of 
MMTC (email: 
jwhuang[at]ie.cuhk.edu.hk) 
 

The required information includes talk title, talk 
abstract, speaker bio, and two possible talk dates. 
The speaker should be internationally well 
known, and preferably IEEE Fellow or above. Dr. 
Huang will work with other TC officers to 
arrange the final schedule and send official 
invitations to the speaker. The nominating IG 
chair will chair the corresponding talk.  
 
Jianwei Huang 
Vice-Chair, MMTC 
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QoEIG 1st Conference Call in 2011 
 
Date: 3rd March 2011  

Time: 14:00 – 15:00 CET (13:00 – 14:00 UK time, 21:00 – 22:00 Beijing/Singapore time, 8:00 
– 9:00 New York time).    

Keynote Speaker: Dr. Weisi Lin 

Topic: A Survey of Perceptual Quality Metrics for Images and Videos 

A Survey of Perceptual Quality Metrics for Images and Videos 

Weisi Lin  
School of Computer Engineering, Nanyang Technological University, Singapore 

wslin@ntu.edu.sg          www.ntu.edu.sg/home/wslin
Abstract 

Visual quality evaluation has numerous uses in 
practice, and also plays a central role in shaping 
many visual processing algorithms and systems, 
as well as their implementation, optimization and 
testing. In this talk, I will give a systematic, 
comprehensive and up-to-date review of 
perceptual visual quality metrics (PVQMs) to 
predict picture quality according to human 
perception. Several frequently used 
computational modules (building blocks of 
PVQMs) are firstly discussed. These include 
signal decomposition, just-noticeable distortion, 
visual attention, and common feature and artifact 
detection. Afterwards, different types of existing 
PVQMs are presented, and further discussion is 
given toward feature pooling, viewing condition, 
computer-generated signal and visual attention. 
Six often-used image metrics are also compared 
with seven public image databases (totally 3832 
test images). I will highlight the most significant 
research work for each topic and provide the 
links to the relevant literature. 

Brief Bio 

Weisi Lin graduated from Zhongshan University, 
China with B.Sc and M.Sc in 1982 and 1985, 
respectively, and from King’s College, London 
University, UK with Ph.D in 1992. He taught 
and researched in Zhongshan University, 
Shantou University (China), Bath University 
(UK), National University of Singapore, Institute 
of Microelectronics (Singapore), and Institute for 
Infocomm Research (Singapore). He also served 
as the Lab Head of Visual Processing and the 
Acting Department Manager in Institute for 
Infocomm Research. He is now an associate 

professor in School of Computer Engineering, 
Nanyang Technological University, Singapore. 
His areas of expertise include image processing, 
video compression, perceptual visual and audio 
modeling, computer vision, and multimedia 
communication. He is a Chartered Engineer, a 
senior member of IEEE and a fellow of the IET. 
He currently serves on the editorial board 
of Journal of Visual Communication and Image 
Representation, four IEEE Technical 
Committees, and Technical Program Committees 
of a number of international conferences.  

Since 2003, he has devoted his major research 
effort in perceptual evaluation of quality and 
experience for visual signals and multimedia 
communication. With the topics closely related 
to this talk, he holds nine patents, wrote a book 
and 3 book chapters, published 25 international 
refereed journal papers and 60+ international 
refereed conference papers, and made 10 
contributions to international standardization. He 
has also been the project leader of 9 major 
projects (with both academic and industrial 
funding) in perception-based processing and 
multimedia quality evaluation, and maintained 
active, long-term working relationship with a 
number of companies which are keen in 
perception-based and QoE technology. He was 
the co-chair of the special sessions on perceptual 
processing in IEEE ICME06, IEEE IMAP07, 
PCM09 and VCIP10. He gave an invited talk in 
VPQM06, a panelist presentation in VCIP10, and 
a keynote speech in IEEE ICCCN07, received 
the Best Paper Award in VCIP03, and gave 
invited tutorials in PCM07, PCM09, IEEE 
ISCAS08, IEEE ICME09, APSIPA10 and IEEE 
ICIP10, with different topics on perceptually 
driven modeling, processing and communication.
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QoEIG Conference Call Dial-in Information 
 

Provided by IEEE Communication Society 
Fed 2011 

Participants pass code:  210-333-0917 

USA (participants will dial # 1-888 288 9321.  

Canadian (participants will also dial # 1-888 288 
9321 – for MOST of Canada.  

International people will call their international 

toll free number as listed below:  (Note:  SOME 

OF THESE NUMBERS HAVE BEEN 

CHANGED FROM PAST YEARS DUE TO 

THE CHANGE IN CODES).  For time zones: 

http://www.worldtimezone.com/ 

Remember, if anyone has difficulty with their 

toll free number, they can call one of the “toll 

numbers” – either the toll #1-719 234 0201 or 

any of the local toll #s listed at the very bottom 

of the document (below the list of toll free 

numbers).  And we will reimburse them for the 

cost. 

  International toll free - Argentina:  0800 666 1897 
  International toll free - Australia:  1 800 452 578 
  International toll free - Austria:     0800 293 158 
  International toll free - Bahamas:  1 800 389 0430 
  International toll free - Belgium:   0 800 72 680 
  International toll free - Bulgaria:   00 800 115 1094 
  International toll free - Chile:        123 0020 6918 
  International toll free - China, Northern Region:  10      
800 714 0938 
  International toll free - China, Southern Region:  10 
800 140 0913 
  International toll free - Colombia: 01 800 518 0408 
   
 
  International toll free - Costa Rica:  0800 015 0436  
  International toll free - Czech Republic:  800 142 079 
  International toll free - Denmark:     80 886 950 
  International toll free - Dominican Republic:      1 
888 751 4700 
  International toll free - France:     0 800 912 592 
   
  International toll free - Germany: 0 800 183 3780 
  International toll free - Greece:    00 800 161 2205 
1006 
  International toll free - Hong Kong:   800 967 728 
  International toll free - Hungary:      06 800 182 29 

  
  International toll free - India:       000 800 1007 510 
  International toll free - Indonesia:   001 803 017 1006 
  International toll free - Ireland:      1 800 514 019 
  International toll free - Israel:      1 80 924 5904 
  International toll free - Italy:      800 839 036 
  International toll free - Japan:        00531 16 0569 
  International toll free - Latvia:       8000 2219 
  International toll free - Lithuania:   8 800 3 02 02 
  International toll free - Luxembourg:  800 2 5661 
  International toll free - Malaysia:  1 800 812 383 
  International toll free - Mexico:     001 800 514 1006 
  International toll free - Monaco:    800 93 271 
  International toll free - Netherlands:  0 800 022 2813 
  International toll free - New Zealand:  0 800 444 491 
  International toll free - Norway:    800 160 00 
  International toll free - Panama:     00 800 226 1006 
  International toll free - Peru:    0800 53 690 
  International toll free - Poland:  00 800 111 48 07 
  International toll free - Portugal:   800 819 146 
  International toll free - Russia:   810 800 2486 1012 
  International toll free - Singapore:  800 101 1734 
  International toll free - Slovakia:   0800 606 205 
  International toll free - Slovenia:    0 800 80051 
  International toll free - South Africa: 0 800 999 556 
  International toll free - South Korea:  003 0813 1572 
  International toll free - Spain:    900 957 058 
  International toll free - Sweden:   0200 28 5909 
  International toll free - Switzerland:    0 800 563 435 
  International toll free - Thailand:    001 800 156 205 
1006 
  International toll free - Trinidad-Tobago:  1 800 205 
1006 
  International toll free - UK:      0 800 404 6386 
  International toll free - Uruguay:     0004 019 0075 
  International toll free - Venezuela:    0 800 100 4684 
  
  Local - Australia, Sydney:       +61 (0) 2 8207 8340 
  Local - Austria, Graz:     +43 (0) 316 218 875 082 
  Local - Austria, Vienna:    +43 (0) 2 682 205 6470 
  Local - Belgium, Brussels:   +32 (0) 2 789 7403 
  Local - Belgium, Liege:      +32 (0) 4 244 10 32 
  Local - Brazil, Sao Paulo:     +55 11 3351 7035 
  Local - Denmark, Copenhagen:    +45 32 71 49 75 
  Local - Finland, Helsinki:      +358 (0) 9 2311 3374 
  Local - France, Lille:       +33 (0) 359 81 40 36 
  Local - France, Lyon:    +33 (0) 426 84 02 15 
  Local - France, Marseille:   +33 (0) 488 91 53 30 
  Local - France, Paris:   +33 (0) 1 73 04 14 00 
  Local - Germany, Berlin:  +49 (0) 30 72616 7286 
  Local - Germany, Cologne:    +49 (0) 221 6501 0596 
  Local - Germany, Frankfurt:     +49 (0) 69 36507 
2080 
  Local - Germany, Hamburg:     +49 (0) 40 80902 
0645 
  Local - Germany, Munich:   +49 (0) 89 24443 2794 
  Local - Hong Kong:     +852 3008 0300 
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  Local - Ireland, Dublin:    +353 (0) 1 436 7675 
  Local - Italy, Milan:      +39 02 303 509 204 
  Local - Italy, Rome:     +39 06 452 108 382 
  Local - Italy, Turin:    +39 011 2179 2106 
  Local - Japan, Tokyo:   +81 (0) 3 4455 1250 
  Local - Netherlands, Amsterdam:     +31 (0) 20 794 
8153 
  Local - Netherlands, Rotterdam:    +31 (0) 10 742 
0122 
  Local - Norway, Oslo:     +47 21 54 70 80 
  Local - Scotland, Glasgow:    +44 (0) 141 404 9902 
  Local - Singapore:       +65 6419 3720 

  Local - Spain, Barcelona:      +34 93 492 3166 
  Local - Spain, Madrid:    +34 91 788 9787 
  Local - Spain, Valencia:       +34 96 047 3042 
  Local - Sweden, Stockholm:      +46 (0) 8 5052 0388 
  Local - Switzerland, Geneva:       +41 (0) 22 592 
7322 
  Local - Switzerland, Zurich:     +41 (0) 43 456 9167 
  Local - UK, Birmingham:      +44 (0) 121 260 4594 
  Local - UK, Leeds:    +44 (0) 113 322 2672 
  Local - UK, Liverpool:      +44 (0) 151 203 9902 
  Local - UK, London:      +44 (0) 20 7663 2210 
  Local - UK, Manchester:         +44 (0) 161 250 0387
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SPECIAL ISSUE ON MULTIMEDIA DISTRIBUTED NETWORKS 
 

Multimedia Distributed Networks 
 

                Andres Kwasinski, Rochester Institute of Technology, USA, axkeec@rit.edu 
Deniz Gunduz, CTTC,  Spain, dgunduz@cttc.es 
Tommaso Melodia, University at Buffalo, USA, tmelodia@eng.buffalo.edu 
 

Multimedia distributed networks have seen a 
notable growth in recent years. Fueled by the 
explosion in wireless connectivity and 
digitalization of our technological life, the 
ecosystem of multimedia distributed networks 
today counts with a compelling and broad range 
of applications areas. Many of these applications, 
such as multimedia services to mobile smart 
phones, are preeminent in today’s 
communications technologies, while others, such 
as multimedia sensor networks are not only 
already used in a wide range of applications but 
will also shape a new generation of architectures 
and approaches for multimedia distributed 
networks. In this special issue of the E-letter, we 
present a selection of papers covering some of 
the enabling technologies and applications in 
multimedia distributed networks. 
  
In the article titled, ‘Cooperative Multimedia 
Transmission’, we focus on the use of 
cooperative communications for the transmission 
of multimedia traffic. Cooperative 
communications introduce a new paradigm 
where wireless communications enable a 
distributed collaborative sharing of resources 
between devices in a network. In the article, we 
explain how the setup for multimedia 
transmission naturally leads into joint source-
channel and cooperative communications 
schemes. These schemes are discussed in the 
article, as it is also described the use of 
cooperative communications in an unequal error 
protection scheme. The article concludes by 
describing how typical properties of multimedia 
traffic are applied in medium access control 
schemes to enable cooperation. 

 
Another important new paradigm in wireless 
networks is considered in the article titled 
‘Cognitive Radio Networks to Support 
Distributed Multimedia Distribution’. In this 
article, Kaushik Chowdhury presents an 
introduction to the concept of cognitive radio, as 
well as the main issues related to its application 
to video transmission. After this, the article 

discusses new applications of cognitive radio in 
distributed multimedia networks. Specifically, 
the article discusses the use of cognitive radio in 
the challenging spectrum environment found in 
healthcare applications, as well as an enabler for 
rapid deployment of flexible networks that 
distribute multimedia traffic to emergency 
personnel in a disaster area. 
 
By the very own nature of the type of design 
problems faced in distributed multimedia 
networks, many solutions tend naturally to cross-
layer approaches. This is the case with the article 
‘Multipath TCP Streaming over Multi-hop 
Wireless Networks’. In this article, Xiaoyuan 
Guo, Jiangchuan Liu and Shiguo Lian first 
discuss their study on video streaming over TCP 

multipath routing in multi-hop wireless 

networks. The lessons learned are 

subsequently applied to the design of a 

multiple path retransmission scheme that 

adopts a cross-layer design to achieve seamless 
integration between TCP and multipath routing 
for video streaming. This design is further 
combined with a new QoS-aware multiple path 
routing protocol. 
 
The article ‘Structuring Clouds for Mobile 
Mutimedia’ discusses how modern smart phones 
can rely on distributed dynamically scalable 
computing systems, the “cloud”, to execute 
multimedia applications by distributing 
complexity and memory use with the cloud. In 
the article, Stefano Ferretti, Vittorio Ghini and 
Fabio Panzieri discuss new paradigms associated 
with this approach by presenting a use case 
consisting of a proxy-based architecture that 
provides always-connected services to mobile 
terminals. This distributed computation paradigm 
could find wide application in the near future, as 
it allows a dynamic management of resources, 
based on the number of active users. 
 
Computing power limitations are not only found 
in smart phones performing multimedia 
processing but in several application domains 
within multimedia distributed networks. This is 
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typically the case in wireless sensor networks 
and the focus of “Low-complexity Wavelet 
Transforms for Multimedia Wireless Sensor 
Networks”. In this paper Stephan Rein, and 
Martin Reisslein introduce techniques that allow 
the implementation of image compression 
algorithms with small memory requirements 
through the use of low-complexity wavelet 
transforms. 
 
Distributed Camera Networks is another of the 
exciting developing areas of research that is 
found at the confluence of works in sensor 
networks and multimedia networks. This area is 
the focus topic the article “Video Analysis in 
Distributed Camera Networks - Challenges and 
Solution Strategies”, by Amit K. Roy-
Chowdhury and Bi Song. This article discusses 
the challenges associated with distributed scene 
analysis in camera networks, considering in 
detail the main problem areas of data association, 
target tracking and camera control. 
 
Multimedia Sensor Networks are also the focus 
of the article, “Distributed Vision Graph 
Construction in Wireless Multimedia Sensor 
Networks”. Camera nodes that share overlapped 
fields of view form a vision graph, in which an 
edge between two cameras corresponds to an 
overlapped field-of-view (FOV) and the two 
cameras are called vision graph neighbors. In the 
article, Xin Dong and Mehmet Vuran develop a 
multi-hop communication scheme for 
constructing the vision graph in an energy 
efficient way. This is achieved based on a 
probabilistic model that captures the overlapped 
FOVs for different cameras. 
 
We believe that this special issue, although 
succeeding in presenting an introduction to some 
important research areas in distributed 
multimedia networks, only amounts to the tip of 
an iceberg that presents a wide range of 
challenging and interesting technological 
problems. As such, we highlight that the IEEE 
Multimedia Communications Technical 
Committee Interest Group on Distributed and 
Sensor Networks for Mobile Media Computing 
and Applications (http://committees.comsoc. 
org/mmc/IG\CDSNIG.asp) provides a 
community meeting point for all researchers 
interested in distributed multimedia networks. By 
simply contacting the Interest Group officers, the 
door is always open for anybody with interest in 
the area to become a member of this community. 
Finally, we would like to thank all the authors for 

their contribution and hope these articles can 
stimulate further research works on the area.  
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1. Introduction 

Recent years have witnessed significant 
developments in the technologies for capturing, 
storing and processing high quality video. 
Battery powered digital cameras/camcorders that 
can fit into our pockets can record up to several 
hours of high quality video and store the data 
efficiently in memory cards that ever become 
smaller. Furthermore, with the rise of social 
networks, there is an increasing demand for 
sharing this recorded video data with friends/fans 
all over the world. The communication/ 
networking technology is the crucial connection 
between the two, and it is the underlying 
network that makes it possible for us to share a 
video recorded at a concert, a sport event or a 
demonstration instantly with millions. The 
natural connection between these paradigms is 
leading to a convergence of the devices as well: 
Smartphones in the market are capable of 
capturing, storing, processing as well as sharing 
multimedia content wirelessly.  

However; among the necessary resources and 
technologies to make multimedia sharing a 
reality for millions, the underlying wireless 
network is critically sensitive to the load in the 
network, and the performance in terms of the 
users’ quality of experience (QoE) is under a risk 
of significant decline with the growth of mobile 
video traffic. According to Cisco's annual Visual 
Networking Index Forecast, overall Internet 
traffic is expected to grow four-fold by 2014, 
with mobile video growing at over 15 times this 
rate.  

To avoid a potential network meltdown, we need 
to increase the capacity of the wireless networks. 
However, simply increasing the network 
capacity, without taking into account the specific 
characteristics and requirements of video content 
will simply postpone the catastrophe. A possible 
solution, which has been studied extensively in 
recent years, is to take a cross-layer approach 
within the current network architecture and to 
optimize the network parameters by taking into 
account the interactions between multiple layers 
(see [1], [2] and references therein). However; a 
more fundamental approach, which potentially 

will lead to a paradigm shift and provide higher 
gains, is to go beyond the layered architecture, 
and study the underlying problem from a joint 
source-channel coding (JSCC) perspective.  

2. Cooperative Source-Channel 
Communications 

Cooperative communication [3] has been a very 
popular research area in the last decade due to its 
promise to improve the network performance 
through collaborative use of distributed resources. 
In principle, cooperative communication can be 
considered as a way of exploiting interference, in 
which the signals received by nearby users due 
to broadcast nature of the wireless medium, are 
processed and forwarded to their intended 
destinations rather than being treated as noise. 
Cooperation has been shown to improve the 
wireless network capacity by reducing the 
negative effects of pathloss, shadowing and 
fading.  

Up until recently, cooperation has been mainly 
studied within the channel coding context. 
However, as stated above, in the case of 
multimedia signals the problem is the 
transmission of a continuous amplitude source 
signal over a multiuser network, which, in 
principle, is a JSCC problem, and focusing on 
the compression and channel coding aspects 
separately can lead to a significant performance 
loss.  

In the point-to-point setting Shannon’s 
separation theorem proves the optimality of 
separate source and channel coding; that is, it is 
optimal to first compress the source signal to the 
required fidelity, and then to transmit the 
compressed bits over the channel. However; this 
theoretical result assumes ergodicity as well as 
infinite delay and complexity in decoding, and 
hence, separation is not optimal in practical 
systems. On the other hand, with the 
development of near-optimal source and channel 
codes, the gap between separation and the 
theoretical upper bound is tightening, and the 
modularity provided by separate coding makes it 
especially attractive for practical applications.  
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However, even the theoretical optimality of 
separation fails in some very important scenarios, 
and the gap to the optimal performance can be 
significant in these cases even if we assume the 
development of near-optimal codes.  

3. Cooperative Multimedia Transmission over 
Fading Channels 

QoE in real-time multimedia transmission is 
delay sensitive. Consider, for example, 
downloading a video to your smartphone. The 
video is compressed to minimize the amount of 
data to be downloaded, while the compressed 
bits are coded against channel uncertainty, all 
carried out under delay limitations. The channel 
varies from one frame to another, and its state is 
hard to estimate at the transmitter. The more the 
data is compressed, the less the resolution, 
nonetheless the stronger the data can be 
protected and the higher the probability of 
reception. A fundamental problem is how to 
allocate the resources to provide the highest QoE 
for the users.  This is a JSCC problem over slow-
fading channels, and the strict delay limitations 
imposed by the application prevents the channel 
encoder to average out the effect of fading. 
Surprisingly, the optimal JSCC scheme for this 
simple yet fundamental model is still an open 
problem.  

To provide dynamic adaptation to the channel 
state, we have proposed in [4] to use scalable 
source coding concatenated with superposition 
channel. Multiple layers are transmitted at 
different rates and different power levels. The 
reconstruction quality depends on the channel 
realization: the better the channel state, the more 
layers can be decoded. In the case of cooperative 
transmission, there is yet another tradeoff: many 
practical cooperation schemes, such as 
orthogonal amplify-and-forward and decode-
and-forward, lead to a loss in multiplexing gain 
to provide additional reliability by increasing 
diversity. The basic idea is to use cooperation as 
a method to introduce unequal error protection, 
and to cooperate for the more important base 
layer while transmitting the enhancement layers 
directly. The benefits of this approach in 
transmitting real video signals have been shown 
in [5] with single antenna terminals, and in [6] in 
the case of multiple antenna terminals. This 
approach is extended to multiple description 
coding in [7].  

Note in this scenario that the theoretical 
optimality of separate source and channel coding 
fails due to the non-ergodicity in the channel 
from the source to the destination, and the 
proposed approach transmits multiple layers of 
information to adapt dynamically to the channel 
realization through a ‘broadcast approach’ [8], 
that is, the fading channel is viewed as a 
broadcast channel such that each possible fading 
state corresponds to a different virtual user. 
Equivalently, the same approach can be applied 
when there are multiple users in the system, i.e., 
for multicasting. Consider, for example, 
multicasting a popular video to multiple users. 
The users with better channel conditions can 
receive more layers, and hence, a better QoE, 
while users with poor channel conditions might 
not receive anything. The better users can then 
collaborate to transmit the base layer to the rest 
of the users to provide them with at least a 
reasonable level of video quality. This technique 
combined with randomized distributed space-
time codes is explored in [9]. 

4. Cooperative JSCC over Multi-user 
Networks  

In many scenarios, the nodes in the network has 
access to copies of the underlying video signal, 
either from the previous transmissions, or from 
their own capture devices as in the case of 
distributed camera networks. From a source 
coding perspective, this correlated side 
information available at other nodes can also be 
used to improve the compression capabilities in a 
cooperative manner.    

Consider downloading a video stream from a 
wireless server. There might be a nearby 
terminal which has previously downloaded the 
same video signal, and hence, has access to a 
distorted copy of the original video sequence. 
This nearby terminal can serve as a relay to 
improve the QoE for the destination terminal. 
The goal of cooperative video transmission in 
this setup is to exploit the availability of this 
correlated side information at the relay terminal 
as well as its received signal from the source 
terminal. This is particularly useful when the 
relay-destination channel has a higher quality 
compared to the source-destination channel, and 
can be beneficial even if the source-relay channel 
is poor as opposed to the pure channel coding 
based cooperation scheme.  
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When there is correlated information distributed 
in the network the JSCC problem becomes 
significantly more difficult. In the case of lossy 
compression, the distributed source coding 
problem has not been well understood, and we 
have solutions for only some special cases such 
as Gaussian sources [10]. Moreover, even for the 
lossless case, such as lossless transmission of 
correlated sources over a multiple access channel 
or an interference channel, optimality of source-
channel separation fails [11], [12].  

For the relay channel, the problem is even more 
complicated as we do not even have a capacity 
result for the relay channel in general, and hence, 
it is not possible to determine exactly the 
performance of separate source and channel 
coding. The results in this scenario are limited to 
achievable schemes that are compared with the 
cut-set bound. This problem is studied in [13] 
and [14] in which several schemes based on 
hybrid digital-analog transmission are proposed. 
Numerical results show that the achieved 
performance is close to the cut-set bound and the 
improvement compared to naïve separation 
approach can be significant based on the channel 
and side information qualities. A multi-relay 
extension for lossless transmission is studied in 
[15]. 

5. Image Transmission using Cooperative 
Communications  

Cooperative communications can also be 
considered as a tool providing error protection. 
In the simplest implementation, such as 
Amplify-and-Forward or Decode-and-Forward, 
there are even tradeoffs in terms of bandwidth 
efficiency versus channel quality that are 
analogous to redundancy versus error correction 
capability tradeoffs found in forward error 
correction (FEC) schemes.  

Unequal Error Protection (UEP) is another 
technique within the broad family of joint 
source-channel coding techniques. As construed 
in the previous paragraph, cooperative 
communications can be integrated with other 
traditional FEC schemes into UEP solutions. 
This is the idea followed in [16], to design an 
UEP scheme to transmit, subject to a budget on 
transmitted bits, not video in this case, but an 
embedded source-coded image. The design 
applies UEP to the source coded bit stream not 
only by choosing a channel code from a family 

of variable rate code, but also by deciding in an 
optimal fashion whether to send each source 
packet using user-cooperation or not.  

6. Enabling Cooperation through Awareness 
of Real-Time Source Dynamics 

In order for a system to operate using some 
cooperative communications technique, it is 
necessary to allocate some of the system 
resources to enable such cooperative technique. 
There are a number of approaches to this 
problem, but one of particular interest in the 
context of distributed multimedia networks is to 
consider that most multimedia real-time sources, 
such as speech and video, exhibit patterns of 
variation in the source coding bit rate required to 
achieve a target quality. In conversational video 
with constant quality, the bit rate used to 
represent the signal changes with the amount of 
motion in the video sequence (level of activity) 
because strict delay constraints prevent the use of 
large bit rate smoothing buffers. Speech shows a 
similar behavior, following patterns of talk 
spurts and silence activity that had been 
exploited in statistical multiplexing-like schemes, 
where users who are silent, release their 
resources so as to admit more users to the 
network. 

These same ideas can be extended to enable 
cooperation, as is the case in [17,18], where we 
introduced the idea of a content-aware multiple 
access protocol that enables cooperation by 
using some of the resources released by those 
users in a low level of source activity. This 
protocol showed that enabling cooperation by 
using the different encoding rates allowed by the 
source dynamics results in significant 
improvement in the received quality. At the same 
time, the protocol establishes a tradeoff between 
the networks ability to admit more users and the 
effectiveness of user cooperation. As the number 
of admitted users increases, the resources for 
access contention become insufficient and many 
users are blocked during channel access due to 
collision with other contending users. Also, as 
the number of users increases, cooperation 
becomes less effective due to insufficient 
resources, resulting in degraded received media 
quality. This issue is addressed in [19] by 
relaying in the use of embedded source encoders 
that keeps the effectiveness of user cooperation 
and meet a target channel access blocking 
probability, by trading off a smooth reduction in 
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received quality.  

7. Conclusions 

In this paper we have first highlighted some of 
the challenges involved with transmitting 
multimedia sources over wireless links, 
especially under delay constraints.  An answer to 
these challenges is the use of cooperative 
communications techniques, which exploit the 
broadcast nature of the wireless medium to 
enable a paradigm of collaborative use of 
distributed resources. We concentrated on the 
use of cooperative communications to improve 
transmission of multimedia sources and we 
described some of the techniques recently 
developed following different combined source-
channel-cooperation approaches. We concluded 
by highlighting techniques that leverage typical 
properties of multimedia traffic to enable 
cooperation. 
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1. Spectrum Shortage and Cognitive Radio  
In 2010, Cisco forecast that the demand for 
mobile data traffic is expected to grow to 3.6 
Exabytes (EB)/month by 2014, from the current 
value of 0.02 EB/month, where 1EB = 1018 bytes. 
Interestingly, over 2.3 of this rise is contributed 
by mobile video traffic alone, requiring 
additional support for such distributed 
multimedia access [1]. With an increasing 
proliferation of smart phones and other 
bandwidth hungry devices, the problem of 
spectrum scarcity cannot be overlooked. The 
FCC in the US has taken active steps to alleviate 
this problem by allowing opportunistic 
transmission in the digital TV channels 21-51, 
other than 37 [2]. Cognitive radio (CR) is an 
enabling technology that enables the use of these 
licensed TV frequencies without affecting their 
operation adversely, and is envisaged to enable 
seamless streaming of multimedia among 
distributed devices [3].  
 
CR networking technology has progressed 
rapidly past few years with respect to device 
development, theoretical advancements in 
spectrum sensing (detecting licensed user), 
spectrum decision (choosing the best spectrum) 
technology, and protocol design. In this article, 
we highlight some of the tools provided by 
single radio equipped CR networks for better 
multimedia networking, as well as discuss some 
of the applications made possible in this area. 
 
2.  Cognitive Radio Tools and Techniques 
The spectrum demands for wireless applications 
varies with the time of day, location, special 
events, and other conditions such as natural 
disasters and emergencies.  To meet these 
demands and also to satisfy the hard delivery 
constraints of multimedia traffic (i) dynamic 
spectrum pooling, (ii) fast sensing, and (iii) 
bandwidth-dependent spectrum selection are 
issues that must be considered.  
 
For application or location specific dynamic 
spectrum pooling, the basic spectrum unit (say, b) 
is decided, and the actual spectrum used is 
considered as a multiple of this unit (say, mb). 
Thus the number of possible transmission bands 
is much larger than the actual spectrum bands 
present, as the latter can be grouped differently 
by varying the multiplier m. Based on the 

spectrum demand (typically, 25 Mbps is 
sufficient for HD quality video captured by the 
latest smart-phones in the market and 192 Kbps 
is sufficient for transferring mp3 quality audio), 
the usable transmission spectrum can be 
adaptively changed. Moreover, the spectrum 
bands are characterized based on the observed 
load and the activity of the licensed users. Such 
an approach for CR MAC protocol design is 
presented in [4]. 
 
Video data is especially susceptible to jitter, 
caused by the variance in the packet arrival times. 
In a distributed CR network, each node 
undertakes its own spectrum sensing schedule, 
and during these instants, the network gets 
virtually disconnected as the sensing node is 
unable to send or receive packets. Reducing 
sensing times during network operation at node 
locations where licensed user activity is scarce 
[5], and optimally choosing the sensing duration 
[6], and alternating between energy detection 
(fast but error-prone) and feature detection (slow, 
but accurate) [7] are some of the techniques that 
been proposed to address this problem. Thus, not 
only must the licensed users be protected by 
repeated and accurate sensing, but the end to end 
constraints of the multimedia applications 
running on the hosts must also be met. These two 
goals are often opposed to each other in CR 
practical network scenarios, and balancing this 
tradeoff remains an open challenge for the 
research community. 
 
Finally, different frequency spectrum exhibit 
variations in their channel definitions. As an 
example, the digital TV channels are defined as 6 
MHz wide, while those in the lower (1397-1402 
MHz) and upper (1437-1442 MHz) L bands are 
of 5 MHz only. Thus, the spectrum selection 
must be based on the specific bandwidth needs 
of the application, apart from other channel 
dependent parameters.  
 
3. New CR Application Areas 
While, the most common application domains 
for CR networks have been military scenarios 
and consumer-level mobile communication 
needs, several other areas exist that merit 
attention.  
With soaring costs in healthcare, and the 
growing incidence of diseases, the coordination 
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of medical communication is a critical task. The 
data transferred between patients and 
doctors/caregivers can be scalar, periodically 
logged data, video/audio images from integrated 
platforms such as the ‘operating room of the 
future’ [8], and high resolution still images such 
as results form a recently completed MRI scan. 
While, the Wireless Medical Telemetry Service 
(WMTS) band has been specially constituted for 
medical communication, it has experienced 
outages owing to high power transmission by 
adjacent TV stations [9]. Thus, in such events, 
identifying available spectrum for continued and 
uninterrupted communication resulting in timely 
treatment may save the life of the affected 
patient. 
Recent national disasters, such as the hurricane 
Katrina, have revealed how communication 
breakdown may occur among emergency 
responders and public safety personnel [10]. The 
personnel at the incident site may collect video 
data for immediate relaying back to the inland 
command center, so that the extent of required 
resources can be correctly estimated. A novel 
solution in such instances is a vehicular CR 
network that forms a connected, multihop path 
through cars on streets and freeways. Such as 
distributed network would be immune to cellular 
infrastructure outages, and provides an 
emergency communication backbone carrying 
critical multimedia data. However, the 
challenges of formulating the precise relationship 
between the car density, the transmission data 
rate, and car velocity must first be addressed. 
 
4. Conclusions 
Cognitive radio will usher in a new era of high 
bandwidth multimedia communication, and find 
applications in diverse fields. The problem of 
spectrum scarcity is addressed through this 
technology, paving the way for seamless and 
ubiquitous connectivity. In distributed 
multimedia networks for mobile phone users, 
healthcare personnel and emergency responders, 
which will rely on cognitive radio technology, 
the research community must address issues 
pertaining to the temporally and spatially varying 
spectrum. 
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1. Background 
Multi-hop wireless networks are undergoing 
rapid development and commercialization, 
spreading Internet accesses and other network 
services in personal, local, and old metropolitan 
areas. Video streaming has been expected to be 
one of the most important applications over 
multi-hop wireless networks, e.g., for IPTV, 
video conference, and online games. 
Unfortunately, the limited bandwidth, high loss 
rate and varying end-to-end delay make realtime 
video streaming remain a challenge task in multi-
hop wireless networks. 
 
Path diversity exploits the available paths in a 
network, and maintains multiple routes for each 
session simultaneously. Through bandwidth 
aggregation, it enhances routing robustness and 
decreases delay and packet loss. A series of 
multipath protocols have been proposed for 
video streaming [1, 2, 3] and for multi-hop 
wireless routing [4, 5]. Yet the interaction and 
the best combination among them are still 
unclear, particularly for TCP-based streaming. 
We are interested in TCP for its simplicity, 
reliability, and built-in adaptiveness and fairness. 
Despite the argument that UDP would be better 
customized for higher-layer applications, today’s 
commercial streaming systems are extensively 
using TCP for streaming [6, 7]; examples include 
the RealMedia and WindowsMedia, two 
dominating products. Sripanidkulchai et al. [8] 
reported that 40% to 80% of live streaming used 
TCP. The existence of Network Address 
translators (NATs) and firewalls further makes 
TCP the preferred choice over UDP for many 
ISPs and network administrators. 
 
2. Understand TCP performance with 
multipath 
The backoff and retransmission mechanisms in 
TCP can lead to undesirable end-to-end delay, 
which often violates the stringent delay demand 
from real-time applications. Given the potentially 
increased bandwidth, path diversity would partly 
solve the problem. However, with a naive traffic 
split, TCP could suffer from more severe 
throughput degradation and fluctuation when 
runs over multiple paths 
 

We further conduct a series of ns-2 experiments 
to understand the TCP streaming performance 
with multipath routing in multi-hop wireless 
networks. Surprisingly, in all the scenarios, TCP 
streaming performs poorer with multiple paths 
than with a single path, which would result in 
worse video quality in the receiver side given the 
more frequent frame drops and pauses. This 
challenges the conventional belief that 
bandwidth aggregation from multiple path 
routing is beneficial [4]. A closer look suggests 
that these existing multipath protocols are mainly 
designed for UDP, with few explicit 
optimizations for TCP streaming. As a reliable 
transport protocol, TCP was designed to deliver 
packets in order and avoid timeout within certain 
time interval along a single path, which is not 
guaranteed in multipath routing since different 
paths have diverse delay/bandwidth 
characteristics [8]. The problem is further 
aggravated with the out-of-order packet delivery 
across multi-path. In this case, TCP would 
spuriously retransmit packets, making its 
congestion window unnecessarily small, and thus 
resulting in significant throughput reduction and 
fluctuation. 
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   Fig.1  A network with 8 nodes. The available 
               bandwidth and the end-to-end delay of  
               each path are shown along each path 
 
3. Multiple Path Retransmission (MPR) 
Different from the conventional even traffic split, 
our MPR differentiates the original data packets 
and the retransmitted packets, and delivers them 
over two separated paths with different 
optimization criteria. Specifically, as illustrated 
in Fig. 1, the number of the original packets is in 
general dominating, and thus they should be 
scheduled over the maximum-bandwidth path. 
On the other hand, the retransmitted packets are 
of relatively smaller amount, but expected to be 
delivered more quickly, particularly for realtime 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       24/61               Vol.6, No.3, March 2011 

streaming. Hence, they will be scheduled over 
the path with the minimum end-to-end delay.  
 
MPR can reduce interference among concurrent 
multipath transmissions. On one hand, the 
missing packets are much less than the original 
packets. On the other hand, the arrival pattern of 
the retransmitted packets is not as continuous as 
that of the original packets. Thus the interference 
between the retransmitted packets and the 
original packets along the two paths is much less 
severe. 
 
Intuitively, the MPR will not introduce extra 
packet reordering as other multipath protocols do. 
It will not underestimate the RTT, either, given 
that the Karn’s algorithm [10] in TCP does not 
count retransmitted segments in RTT estimation. 
In other words, the RTT estimation in MPR is 
the same as that in a single path case. Moreover, 
since the path delay for the retransmitted packets 
is smaller than that for the original packets, the 
retransmitted packets will seldom suffer from 
further timeout. These together improve the 
responsiveness and throughput of TCP, and 
better streaming quality can therefore be 
expected. Want et al. [11] suggested the number 
of early packets as the metric to measure 
streaming quality and quantified the number of 
early packets to be proportional to TCP 
throughput. Here, the early packets refer to as the 
packets arriving earlier than their playout times. 
 
Our implementation adopts a cross-layer design 
to achieve seamless integration between TCP and 
multipath routing for video streaming, as 
illustrated in Fig. 2. We add a classifier between 
the transport layer and the IP layer, which 
distinguishes the retransmitted data from the 
original packets. In the IP layer, we design 
QAOMDV, a QoS-aware multiple path routing 
protocol that extends the AOMDV protocol [12] 
to collaborate with the classifier. QAOMDV 
discovers and maintains the maximum-
bandwidth path and the minimum-delay path 
concurrently, so as to deliver the original packets 
and the retransmitted packets, respectively. In the 
link layer, FEC is configured to mask wireless 
losses. 
 
4. Conclusions 
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Fig.2  Overview of the cross-layer implementation 

 
We have presented MPR, a retransmission 
scheme employing QoS-aware multi-path routing 
for real-time video applications in multi-hop 
wireless networks. MPR maps the original 
packets and the retransmitted packets to different 
paths according to their distinctive QoS 
requirements. Our MPR does not trigger spurious 
retransmissions caused by reordering of packets 
and RTT underestimation. Therefore, different 
from conventional multipath transmission, it can 
enjoy the benefits from path diversity and 
meanwhile does not introduce additional 
bandwidth degradation and fluctuation.  
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1. Introduction 
Nowadays users of mobile devices such as 
mobile phones and tablet PCs use these devices 
as personal information processing tools. 
Through them, they access e-mail services, visit 
their favorite Web sites, access social networks, 
navigate through online maps [1, 2]. Typically 
these mobile devices execute the client-side 
application of the accessed service (e.g., an e-
mail client, a web browser); in general, they have 
limited computational and communication 
capabilities though. 
 
An attractive approach, termed the “Mobile 
Cloud Computing” (MCC) approach [3],   
enables mobile device users to overcome these 
limitations. MCC entails executing the client-
side application, as well as the required data 
storage, in a cloud computing environment rather 
than in the mobile device itself [4, 5]. To the 
mobile user, a cloud-based mobile application 
looks like an ordinary application conventionally 
downloaded and executed on his/her mobile 
device. 
 
Examples of such applications include those that 
are currently available for desktop PCs (e.g., 
Gmail, Google Maps) possibly extended with 
features that exploit the knowledge of the current 
geographical location of the mobile user to 
provide him/her with additional services,  such 
as navigation and location-based discovery 
services [2]. 
 
It is worth observing that a relevant side benefit 
of the MCC approach is a reduction of the power 
requirements of the mobile devices that deploy 
this approach, as the majority of the 
computations are performed in the cloud. 
 
The scenario introduced above is typical of cloud 
applications and services offered to mobile 
terminals. However, other computation 
paradigms exist. For instance, there are proposals 
[1, 6] that aim at enabling each mobile device in 
a network to act as both client and resource 
provider, thus allowing the creation of what can 
be thought of as a peer-to-peer cloud. This 
approach requires that different features and 
functionalities be made available to the mobile 
devices, including smart resource monitoring and 

management protocols, some form of cloud API, 
and discovery services to detect users sharing the 
same or similar goals. 
 
In addition to the above mentioned mobile and 
peer-to-peer clouds, further architectural options 
can be devised. These options offer support 
services (not just applications) to mobile users 
during their nomadic activity. The cloud is thus 
structured as a classic one, based on datacenters 
offering computation services to mobile 
terminals. However, services running in the 
cloud are not meant to work as classic desktop 
applications, rather as support services for the 
applications running in the mobile client (i.e., the 
cloud works as an Infrastructure as a Service 
(IaaS)). The rationale behind this approach is not 
just that of moving the computation from the 
mobile device to a more powerful node; rather, it 
is to offer additional features to guarantee 
reliable, seamless and responsive 
communications to a mobile user while he/she is 
moving. In the rest of this paper we will discuss 
this approach, showing an example of cloud 
system designed to support mobile multimedia 
applications such as VoIP applications. 
 
2. Clouds as Support for Mobile Multimedia 
Among the various possibilities of structuring an 
MCC system, an option which has not yet been 
fully explored is to run specific support services 
for the execution of distributed multimedia 
applications in mobile terminals. Typically, 
mobile distributed multimedia applications such 
as VoIP applications, video streaming and online 
games running in mobile terminals require that 
both seamless communications and support for 
real-time interactions be guaranteed. 
 
In view of the above requirements, we have 
recently proposed a (cross-layer) proxy-based 
distributed architecture which offers always-
connected services by exploiting all the networks 
available to the mobile terminal, and by 
dynamically adapting their use on the basis of 
their performance and costs [5, 7]. In essence, 
the architecture offers an adaptive use of 
different network technologies at the handheld 
device, transparently to the applications (and to 
the remote end node the mobile terminal is 
interacting with). Thus, the mobile device can 
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move from a network to another seamlessly, 
without closing the active communication 
sessions at the application layer. To this end, our 
architecture deploys a pair of proxies for each 
mobile device; namely, a client proxy in the 
mobile device, and a correspondent server proxy 
in the cloud (see Figure 1) [8]. 
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Figure 1: Mobility management architecture 

 
The use of a cloud-based service to dynamically 
launch and execute server-proxies associated to 
given mobile terminals allows one to deploy 
effectively a mobility management mechanism 
and to make it work on a large-scale. That 
mechanism dynamically configures the pool of 
server proxies working in the cloud, based on the 
number of active mobile terminals. Thus, a client 
entering the system can contact a gateway that 
allocates the cloud resources that client needs, 
and provides it with details on the specific server 
proxy configured to support its communications.  
 
Our MCC architecture for mobile multimedia 
applications consists of the three principal 
subsystems illustrated in Figure 2. These are the 
General-purpose Cloud Subsystem, the Cloud-
side Mobility Support Subsystem, and the 
Client-side Mobility Support Subsystem. 
 
The General-purpose Cloud Subsystem 
virtualizes the resources and provides the typical 
cloud services necessary to implement the server 
side of the distributed terminal mobility support 
subsystem. In particular, General-purpose Cloud 
Subsystem can be thought of as structured in the 
four levels of abstraction illustrated in Figure 2, 
and introduced below. Level 1 of this Subsystem 
is responsible for managing the physical 
resources of the hosts; level 2 for running the 
virtual machines on the selected host of the cloud, 
and level 3 implements admission control, 
accounting and billing mechanisms. Finally, 
level 4 provides libraries, tools and execution 
environment for use from the applications. 
 

The Cloud-side Mobility Support Subsystem, 
deployed in the cloud, provides the users with 
the application specific always-connected service, 
and consists of the previously cited gateways and 
server proxies. It is responsibility of the gateway 
to select the most suitable location of the server 
proxy for each given mobile user, so as to 
minimize the network latency between the pair 
of proxies. 
 
The mobile user subsystem, located in the 
mobile device runs both the user application and 
the client proxy that hides the effects of the user 
movements. 
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Figure 2: Mobile cloud based architecture 

 
To conclude this Section, two observations are in 
order. First, the cloud is employed as an 
Infrastructure as a Service (IaaS), rather than a 
SaaS, since it provides additional functionalities 
to the software that is executed on the mobile 
terminal. A virtual machine executing a server 
proxy is set up each time a (new) mobile client 
makes a request. 
 
Second, the system outlined above differs from 
common applications/services running in a cloud, 
as these typically do not impose constraints on 
the geographical location of the cloud node 
where the application/service is executed. In 
contrast, in our proposal a crucial requirement is 
that the server-proxy be located  so as to 
minimize the communication latency with its 
client, and optimize the server’s responsiveness. 
Hence, the use of a single datacenter for the 
cloud may not be an appropriate choice; rather, 
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completely distributed (or federated) clouds may 
offer more effective solutions. 
 
3. Conclusions 
The current use of cloud computing for mobile 
applications consists of allowing mobile 
terminals to access software installed and 
executing on the cloud, hence relieving the 
device to perform complex computations and to 
maintain data in their limited memories. 
However, novel mobile cloud computing 
paradigms are possible, in which support 
services for mobile devices are executed in the 
cloud. To provide evidence on this claim, in this 
paper we sketched a specific use case, i.e. a 
proxy-based architecture that provides always-
connected services to mobile terminals. The 
deployment of such system in a cloud has the 
main advantage of guaranteeing a dynamic 
allocation (deallocation) of resources, based on 
the number of active users. We claim this is an 
important distributed computation paradigm that 
will be widely utilized in the near future. 
 
References 
[1] G. Huerta-Canepa, D. Lee,. “A virtual cloud 
computing provider for mobile devices”, in 
Proceedings of the 1st ACM Workshop on Mobile 
Cloud Computing &; Services: Social Networks and 
Beyond (MCS '10). ACM, New York, NY, USA, 2010, 
Article 6 , 5 pages. 
[2] S. Ferretti, V. Ghini, “Discovering Points of 
Interests Through A Web 2.0, Location-based 
Architecture”, in International Journal On Advances in 
Internet Technology, IARIA, issn: 1942-2652, Vol. 2, 
N.2-3, 2009, 238-252. 
[3] K. Kumar, L. Yung-Hsiang, “Cloud Computing for 
Mobile Users: Can Offloading Computation Save 
Energy?”, IEEE Computer , vol.43, no.4, pp.51-56, 
April 2010. 
[4] J.H. Christensen, “Using RESTful web-services 
and cloud computing to create next generation mobile 
applications”, in Proceeding of the 24th conference on 
Object oriented programming systems languages and 
applications - OOPSLA '09, New York, New York, 
USA: ACM Press, 2009, p. 627. 
[5] I. Giurgiu, O. Riva, D. Juric, I. Krivulev, G. 
Alonso, “Calling the cloud: enabling mobile phones as 
interfaces to cloud applications”, in Proceedings of the 
10th ACM/IFIP/USENIX International Conference on 
Middleware, New York, NY, USA, 2009, pp. 1-20. 
[6] O. Babaoglu, M. Jelasity, A.M. Kermarrec, A. 
Montresor, M. van Steen, “Managing clouds: a case 
for a fresh look at large unreliable dynamic networks”, 
in  SIGOPS Oper. Syst. Rev. 40, 3 (July 2006), 9-13. 
[7] V. Ghini, S. Ferretti, F. Panzieri, “Mobile Games 
Through the Nets: a Cross-Layer Architecture for 
Seamless Playing”, in Proceedings of the International 
Workshop on DIstributed SImulation & Online 

gaming (DISIO 2010), ICST, March 2010. 
[8] S. Ferretti, V. Ghini, F. Panzieri, E. Turrini, 
“Seamless Support of Multimedia Distributed 
Applications Through a Cloud”, in Proceedings of the 
3rd International Conference on Cloud Computing 
(IEEE Cloud 2010), Miami (USA), IEEE, July 2010. 
 

 
Stefano Ferretti is an assistant professor at the 
Department of Computer Science, University of 
Bologna. He received the Laurea degree (with 
honors) and the Ph.D. in Computer Science from 
the University of Bologna respectively in 2001 
and in 2005. He is the chair of the Workshop on 
DIstributed SImulation & Online gaming 
(DISIO). His current research interests include 
distributed and multimedia systems, 
synchronization algorithms, complex and 
computer networks, wireless networks. 
 

 
Vittorio Ghini received both the "Laurea" 
degree in Computer Science (1997) and the Ph.D. 
degrees (2002) in Computer Science from the 
University of Bologna. Since 2005 he is a 
Research Associate at the Computer Science 
Department of the University of Bologna. His 
research interests include distributed multimedia 
systems, middleware protocols for QoS over IP 
networks, and dynamic multi-homing 
management.  
 

 
Fabio Panzieri received the ”Laurea” degree 
in ”Scienze dell’ Informazione” from the 
University of Pisa (Italy), and the Ph.D. degree 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       30/61               Vol.6, No.3, March 2011 

in Computer Science from the University of 
Newcastle upon Tyne (U.K.). He was appointed 
a professor of Computer Science at the 
University of Bologna (Italy) in 1990. His 
research interests span many areas of distributed 

computing, including fault-tolerance, real-time, 
and middleware and communication support for 
large scale distributed applications. 
 

 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       31/61                  Vol.6, No.3, March 2011 

Low-complexity Wavelet Transforms for Multimedia Wi reless Sensor Networks 
Stephan Rein, Technical University Berlin, Germany, rein@tkn.tu-berlin.de 

Martin Reisslein, Arizona State University,USA, reisslein@asu.edu

1. Introduction 
 Current image processing techniques generally 
exceed the computational and memory resources 
of the typically very limited, microcontroller 
based sensor nodes. The TelosB mote platform 
[1] for instance, employs a 16 Bit 
microcontroller with a total RAM memory of 10 
kBytes. Floating-point operations are not 
supported by the hardware. It is possible to 
extend the limited hardware with DSP units to 
realize sensor network multimedia applications 
[2]. We have developed an alternative low-cost 
approach that implements low-complexity image 
processing algorithms through a software update; 
thus, enabling multimedia applications with low-
cost sensors. Wavelet algorithms are promising 
starting-points for such considerations, as they 
de-correlate the data and give state-of-the-art 
image compression performance. Our algorithm 
can be supported by flash memory - a standard 
component of current sensor platforms [3]. 
 
A line-based version of the wavelet transform 
has been developed in [3], which provides 
substantial reduction of the memory 
requirements for the traditional wavelet 
transform approach.  An improved computation 
methodology readily applicable for limited 
memory systems is given in [4]. It can however 
not yet fulfill the low-memory constraints of 
low-cost sensor nodes, as still 26 kiloBytes are 
required for a six-level transform of a 512x512 
image.  
 
The tutorial in [5] surveys the underlying 
techniques for the needed wavelet transform 
algorithm to perform image compression on a 
low-cost sensor node. A review of the general 
image wavelet transform, a low memory scheme 
for its computation -- the so-called fractional 
wavelet filter, and some performance results of 
this filter are given in the next sections. 
 
2.  Image wavelet transform 
The general image wavelet transform computes 
subbands of an input image. These subbands are 
computed by filtering the image row-by-row, 
resulting in the so-called L and H matrices, 
which both have half the dimension of the 
original image (horizontal transform). Then, 
these matrices are filtered column-by-column, 

resulting in the four subbands LL, HL, LH, and 
HH of the first wavelet level (vertical transform). 
For computation of higher wavelet levels, the LL 
subband is taken as a starting point to compute 
the four subbands of the second level. Each of 
these second level subbands has half the 
dimension of the first level subbands, see Figure 
1 for an example. The traditional computational 
order for such a transform is to first apply the 
horizontal transform on the complete image and 
then the vertical transform, thus keeping 
complete versions of the image in memory. 
 

 
Figure 1: Example of a two-level image wavelet 
transform. 
 
2. The Fractional Wavelet Filter 
The fractional wavelet filter is a computational 
scheme that computes the image wavelet 
transform on a sensor node with very small 
RAM memory with support of an attached flash 
memory (MMC card).  For instance, the 
transform of a grayscale 256x256 image requires 
less than 1.5 kBytes of RAM. Because the data 
on the MMC card can only be accessed in blocks 
of 512 Bytes, a sample-by-sample access as 
easily executed with RAM memory on personal 
computers is not feasible. The fractional filter 
takes this restriction into account by reading the 
image samples line-by-line from the MMC card. 
For the first transform level, the algorithm reads 
the original image samples while it writes the 
subbands to a different destination on the MMC 
card. For the following levels the LL subband 
gives the input data for the next transform. The 
filter has two options for the computation of the 
transform, the classical convolution approach 
and the more modern so-called lifting scheme, 
which allows the filtering to be computed in-
place. For each transform level a new destination 
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matrix is allocated on the MMC card. Since the 
MMC card has abundant memory this approach 
does itnot affect the sensor's resources. This 
approach also allows reconstruction of the image 
from any transform level.  
 
The fractional filter combines vertical and 
horizontal transform such that for each input line 
final results for the horizontal transform are 
computed, while it computes for the vertical 
transform only fractions of the final results. The 
input lines are scanned several times to update 
the fractions until the update results into the final 
wavelet transform values to be written on the 
MMC card. 

 
Figure 2: PSNR values for reconstructed pictures 
using the fixed-point version of the fractional 
wavelet filter. The transform is not lossless, 
however, the loss does not affect picture quality 
when the filter is combined with high 
compression coding schemes. 
 
The floating-point version of the fractional 
wavelet filter computes the wavelet transform 
with high precision, as it uses 32 bit floating-
point variables for the wavelet and filter 
coefficients as well as for the intermediate 
operations. Thus, the images can be 
reconstructed essentially without loss of 
information. Many low-cost micro-controllers do 
however not provide hardware support for 
floating-point operations. If floating-point 
operations are coded, the compiler translates 
them to integer operations, which often results in 
prohibitively long computing times. Converting 
an algorithm from floating- to fixed-point 
arithmetic typically results in substantial time 
and energy savings at the expense of lower 
precision and thorough number range analysis. 
Thus, using fixed-point arithmetic for the 
fractional wavelet filter can help to significantly 
reduce the computational requirements and to 
reduce the RAM memory needed for 

representation of the destination subbands. We 
refer to [5] for tutorial background on using 
fixed-point arithmetic for wavelet transforms. 
The PSNR values for a set of example pictures 
computing the transform with the fractional filter 
up to levels 1, 2, … , 6 are given in Figure 2. 
 
Figure 1 shows the compression performance of 
the fractional filter when combined with a 
suitable image coder [7] compared to JPEG, 
JPEG2000, and the set partitioning in 
hierarchical trees (Spiht) algorithm. For high 
data compression rates, the fractional filter 
allows for similar compression as JPEG2000, 
which is considered as state-of-the-art in image 
compression. A detailed performance evaluation 
of the fractional filter is given in [6]. 

Figure 1: Compression performance (PSNR vs. 
Bits per Byte (bpb)) for the introduced fractional 
wavelet filter when combined with a low-
memory image coder.  
 
4. Conclusions 
This E-Letter briefly reviews the techniques of 
the low-complexity wavelet transforms for 
application in low-cost wireless sensor networks. 
In the past, image wavelet transforms have been 
considered as being not applicable in such 
microcontroller-operated networks. However, 
recent algorithms, including the fractional 
wavelet filter, leverage the application of wavelet 
transform in such networks by reducing the 
memory requirements for the transform, thus 
making state-of-the-art image compression 
feasible through only a software update. 
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Video Analysis in Distributed Camera Networks -Challenges and Solution 
Strategies 

Amit K. Roy-Chowdhury and Bi Song, University of California, River, USA 
{amitrc,bsong}@ee.ucr.edu

1. Distributed Camera Networks 
Networks of video cameras are being installed in 
many applications, e.g., surveillance and security, 
disaster response, environmental monitoring, etc. 
Currently, most of the data collected by such 
networks is analyzed manually, a task that is 
extremely tedious and reduces the potential of 
the installed networks. Therefore, it is essential 
to develop tools for automatically analyzing the 
data collected from these cameras and 
summarizing the results in a manner that is 
meaningful to the end user.  
 
Moreover, for many applications, for a number 
of reasons it is desirable that the video analysis 
tasks be decentralized. For example, there may 
be constraints of bandwidth, secure transmission 
facilities, and difficulty in analyzing a huge 
amount of data centrally. In such situations, the 
cameras would have to act as autonomous agents 
making decisions in a decentralized manner. At 
the same time, however, the decisions of the 
cameras need to be coordinated so that there is a 
consensus about the task (e.g., tracking, camera 
parameter assignment, activity recognition) even 
if each camera is an autonomous agent. Thus, the 
cameras, acting as autonomous agents, analyze 
the raw data locally, exchange only distilled 
information that is relevant to the collaboration, 
and reach a shared, global analysis of the scene 
and the selection of camera parameters for the 
next image. 
 
Although there are a number of methods in video 
analysis that deal with multiple cameras, and 
even camera networks, distributed processing in 
camera networks has received very little 
attention. On the other hand, distributed 
processing has been extensively studied in the 
multi-agent systems and cooperative control 
literature (some examples being [1], [2]). 
Methods have been developed for reaching 
consensus on a state observed independently by 
multiple sensors. However, there is very little 
study on the applicability of these methods in 
camera networks. Cameras are directional 
sensors, each having a limited view of the entire 
theater of action, with the data having high 
bandwidth and complexity. Due to the nature of 
video sensors, there are many unique challenges 

in distributed camera networks. Here, we discuss 
three basic ones that will need to be addressed in 
almost all dynamic situations: data association, 
tracking and camera control. A detailed analysis 
of existing work in these areas is available in [3]. 
 
2. Data Association 
A lot of effort has been devoted to studying data 
associations for multi-target tracking [4], but 
many challenges remain in their applicability to 
camera networks, especially in distributed 
environments. The problem of distributed data 
association has been addressed in [5], [6]. 
 
In [5], the system was initialized with the correct 
number of tracks. Then at each time step, each of 
the sensors updated the tracks with a 
probabilistic fusion of all its own observations. 
Next, they conveyed the tracks to their 
neighboring cameras and associated the closest 
tracks to each other. In [6], a graphical method is 
used to solve the data association problem in a 
distributed framework. Virtual Nodes were 
assumed for each sensor, target and non-
overlapping region allowing distributed 
algorithms for graphical models such as Message 
Passing Algorithm to be used to solve the data 
association problem.  
 
The problem of data association is essential to 
the calibration problem. Currently, distributed 
calibration methods assume the availability of 
data association and vice versa. An integrated 
solution to the problem does not exist. 
 
3. Tracking 
One of the earliest methods on tracking in a 
camera networks include [7], where the 
correspondences of tracks between different 
camera views are constructed using a bipartite 
graph matching strategy. In [8], a multi-objective 
optimization framework was presented for 
tracking in a camera network. However, none of 
these methods address the issue of distributed 
processing. 
 
In the multi-agent systems community, 
completely distributed estimation methods have 
been proposed using consensus-based ideas. In 
contrast to a central Kalman filter where state 
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information coming from several sensors is fused 
in a central station, in a Distributed Kalman 
Filter (DKF), each agent computes a consensus-
based estimate of the state vector that is of 
interest using only point-to-point communication 
between the agents. A distributed Kalman-
Consensus filter was proposed in [1]. It is shown 
in [9] how the basic approaches on consensus for 
distributed estimation in the multi-agent systems 
literature can be applied for designing a 
consensus-based tracking algorithm in camera 
networks taking into account issues like network 
topology, handoff and fault tolerance. Given that 
this basic approach has been demonstrated, 
future research should look into how distributed 
architectures can be used to address the 
challenging issues in tracking, like clutter, 
occlusion and the appearance and disappearance 
of targets. 
 
4. Camera Control 
The ability to actively control the cameras in a 
network will allow for maximization of utility 
with constraints on resources. Dynamic camera 
setups provide greater flexibility than static 
camera setups while requiring less hardware. 
Existing camera networks mostly consist of fixed 
cameras covering a large area. This results in 
situations where targets are often not covered at 
the desired resolutions or viewpoints causing the 
tracking accuracy to suffer. In order to maximize 
tracking performance over a wide area covered 
by a camera network, it is desirable to assign the 
camera parameters dynamically so as to obtain 
high fidelity target images. A framework for 
distributed control and target assignment was 
presented in [10], [11], in which cooperative 
network control ideas based on multi-player 
learning in games were used. The result was a 
decision making process that aims to optimize a 
certain global criterion based on individual 
decisions by each component (sensor) and the 
decisions of other interconnected components. 
Future research should focus on exploiting the 
ability to actively control the cameras to solve 
some of the most challenging issues in video 
analysis. This may be done through the 
development of an integrated sensing and 
analysis framework.  
 
5. Conclusions and Future Work 
Large-scale camera networks have become 
increasingly prevalent in a wide range of 
applications. A number of reasons, such as 
bandwidth constraints, security concerns, and 
difficulty in analyzing huge amount data 

centrally, necessitate the development of 
distributed camera network architectures. Data 
association, tracking and camera control are the 
main initial challenges of distributed scene 
analysis in camera networks. Existing work in 
autonomous multi-agent systems can be 
leveraged to address these problems - more 
specifically, game theory based distributed 
optimization algorithms for dynamic camera 
network reconfiguration, and consensus 
algorithms for scene analysis. 
 
Work in distributed camera networks is in its 
infancy. Numerous problems exist for future 
researchers. Some of them are listed here: 
collaborative and opportunistic sensing by 
network level analysis and control, integration of 
communication constraints into scene analysis 
tasks, lifelong network learning, theoretical 
analysis of performance in camera networks, and 
application specific developments like unmanned 
surveillance, mobile phones, environmental 
monitoring, and so on.   
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1. Introduction 
Recently, the advances in low cost CMOS 
imaging sensors have made wireless multimedia 
sensor networks (WMSNs) possible [1, 8]. In 
WMSNs, multiple camera sensors are deployed 
to monitor an area. To improve the sensing 
quality, certain levels of collaboration among 
camera nodes are required. Accordingly, the 
computation capabilities of sensors can be 
utilized while reducing the communication cost 
and energy consumption. Camera sensors can 
collaborate with each other directly to 
accomplish a task, such as routing [5], 
cooperative video processing [2, 7] and camera 
calibration [3]. This is achieved by exploiting the 
overlapped field-of-views of the camera sensors.  
 
The directional sensing ranges of cameras, 
known as field-of-views (FOVs), may overlap in 
WMSNs. Thus, if an event occurs in this 
overlapped area, several cameras may capture 
this event in different perspectives. The camera 
nodes which share overlapped field of view form 
a vision graph [3], in which an edge between two 
cameras correspond to an overlapped FOV and 
the two cameras are called vision graph 
neighbors. Construction of the vision graph has 
been based on two approaches: (1) The camera 
nodes are assumed to know their locations and 
directions a priori [2], (2) Reference objects are 
used for camera nodes to calculate overlapped 
FOVs [6,7]. However, these approaches rely on 
flooding to exchange information among camera 
nodes. It is well known that for large scale 
WSNs, flooding is impractical in terms of 
communication cost and network congestion.  
 
We develop a limited hop-number multi-hop 
communication scheme for constructing the 
vision graph in WMSNs [4]. Given a uniformly 
deployed camera sensor network with relay 
nodes, the proposed model finds the maximum 
hop number for the vision-graph-neighbor-
discovery messages to construct the vision graph 
in an energy efficient way. This is achieved 
based on a probabilistic model which captures 
the overlapped FOVs for different cameras and a 
connectivity probability model for multi-hop 
communications. 
 
 

2. FOV Overlapping Model 
The FOV of a camera is modeled as a fan sector 
in the 2D plane and two camera nodes are 
defined as vision graph neighbors if and only if 
the sectors overlap. Assuming the camera 
direction is uniformly distributed, the probability 
that two cameras are vision graph neighbors is 
equal to the portion of directions at which they 
have overlapped FOVs. First, for two nodes at a 
distance, l, the ranges of directions in which they 
have overlapped FOVs are found. Then, the 
probability that these two cameras have 
overlapped FOVs is found. We have analyzed all 
the situations for overlapped FOVs of two 
cameras for vision angles between π/4 and π/3, 
which is widely used in surveillance systems. 
 
3. Multi-hop Communication Model 
The probability distribution of multi-hop 
communication in WSNs is analyzed in [9], 
where a one dimensional topology is considered 
and the channel is assumed to be perfect. We 
have developed a recursive method to analyze 
the multi-hop communication of WMSNs in 2D 
topologies [4]. Moreover, a realistic channel 
model is adopted to capture the connectivity 
probability. 
 
For 1-hop communication, the probability that 
two nodes can communicate is derived directly 
from a log-normal shadowing channel model 
[10]. When the hop number is greater than 2, a 
recursive method is developed to approximate 
the probability. The event that node A has an n-
hop communication path to node B equals to that 
there is a node x which has a 1-hop path to A and 
an (n-1)-hop communication path to node B. 
 
The probability that two nodes have at most n-
hop communication can be found through a sum 
of a series of probabilities as follows: 
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The first term is the probability of 
communication in 1 hop at a distance l. The 
second term is the probability that the two 
camera nodes cannot communicate in 1 hop but 
can communicate in 2 hops. Generally, the nth 



 
IEEE COMSOC MMTC E-Letter 

http://www.comsoc.org/~mmc/                       38/61               Vol.6, No.3, March 2011 

 
Fig. 1 The Vision Graph Construction Probability of 
Multi-hop Communication 
term is the probability that the two camera nodes 
cannot communicate within up to (n-1) hops but 
can communicate in n hops. 
 
4. Vision Graph Construction 
The short range communication limitations of 
WMSNs may result in a camera node’s vision 
graph neighbors to be several hops away. On the 
other hand, due to directivity, two closely located 
camera nodes may not be vision graph neighbors. 
Given a uniformly deployed camera sensor 
network with relay sensors, the probability of 
vision graph construction by up to n hop 
communication is given by 
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which is the ratio of the connected vision graph 
neighbors over the total vision graph neighbors. 
In (2) po(l,n) and Pc(l,n) are the probabilities of 
FOV overlapping and multi-hop communication, 
which are calculated using the two models 
previously described. 
 
The result of 1,000 simulations of camera nodes 
randomly deployed in a 50 m × 50 m area is 
shown in Fig. 1, where the vision graph 
construction probability is depicted as a function 
of maximum hop number for different vision 
angles of the camera. It is observed that vision 
angle has small impact on the probability of 
vision graph construction, and instead of 
unlimited flooding, 5-hop communication is 
sufficient for the setting. 
 
5. Conclusions 
To utilize collaborations in WMSNs, efficient 
vision graph construction is of high importance. 
By modeling camera FOV overlapping and 
multi-hop communication, the suitable number 

of hops for efficient vision graph construction 
can be obtained. Simulations show that the 
analytical models capture the characteristics of 
the FOV overlap and the multi-hop 
communication accurately. 
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TECHNOLOGY ADVANCE COLUMN 
 

Multimedia over Heterogeneous Networks 
Chenggao Han, University of Electro-Communications, Japan  

hana@ee.uec.ac.jp 
 

With rapid development of Information and 
Communication technologies, the demand on 
Internet traffic is also increasing tremendously in 
recent decades. In order to meet the growing 
demand placed in various situations, many 
organizations and companies are managing and 
developing communication network according to 
several standard. Such heterogeneity of the co-
existing networks comes form not only the 
diversity of communication network and 
standard but also the differences of multimedia 
sources over the networks. As a result, we need 
to face new problems such as network robustness, 
control protocol, security, etc., and consider wise 
strategies according to the communication 
environment and demand. Moreover, 
accompanied by appearance of new technologies, 
such situation will become more complex in the 
foreseeable future. In this special Issue, the 
editorial team has the great honor to invite some 
pioneer researchers for five invited papers to 
share their latest experiences and results on this 
research topic. 
 
In the first letter, titled ‘Instability Behaviour of 
Heterogeneous Multimedia Networks’, D. K. 
Koukopoulos investigates the instability 
behavior of heterogeneous networks for 
adversarial attacks control packet injection rates 
and determine packet paths. He presents the 
result that the existence of specific network 
topologies as sub-networks under certain 
compositions of contention-resolution protocols 
may lead instability of a network. He also 
introduces his current studies on this direction 
and presents a network design/monitoring 
guideline in this letter. 
 
Recently, J. Gozalves and his colleagues have 
carried out mHOP project, under which they 
have implemented the first multi-hop cellular 
networks based on mobile relays (MCN-MR) 
testbed. The second, titled ‘Multi-Hop Cellular 
Networks based on Mobile Relays: Capabilities 
and Enabling Technologies’, is just the letter 
introduces their results. The technological 
components they employed and specification of 
the testbed can be found from this letter. 
 

In the third letter, titled with ‘Multimedia 
Information Sharing in Mobile Social Networks 
over Heterogeneous Wireless Networks’ by K. 
Yang, X. Cheng, and J. Zhang, the authors 
presents a new vision of mobile social network 
system over heterogeneous wireless networks. 
They point out that the underlying serving 
wireless networks play an equally important role 
to the success of mobile social networks, and 
claim that mobile social networks shall be 
regarded as a marriage of the traditional wired-
network-based social networks with mobile 
wireless networks. Some research challenges on 
this topic can be find in this letter. 
 
The forth letter, titled ‘Mac Layer Importance 
for Multimedia Services in Future Congnitive 
Radio World’ by T. Fujii and O. Takyu, places 
emphases on MAC layer design. In order to 
support more flexible frequency use, the authors 
consider a cognitive radio technology equipped 
wireless networks, in which multiple wireless 
systems including legacy primary wireless 
systems like LTE, WiMAX, FiFi, and spectrum 
shared secondary cognitive radio systems. They 
present flexible protocol architecture for 
supporting the multimedia service that allows 
different requirement of data rate, packet loss, 
delay. 
 
The last letter, titled ‘Foresighted Resource 
Reciprocation Strategies for Heterogeneous 
Multimedia Users in Peer-to-Peer Networks, is 
contributed by S. Song, M. Kwon, and H. Park. 
The authors discuss a foresighted resource 
reciprocation algorithm in P2P networks by 
explicitly considering timing constraints and 
different impacts of each data segment on the 
quality. Simulation results show that their 
approach outperforms several existing 
algorithms such as tit-for-tat and BiToS, in terms 
of packet loss rates and the video quality for 
given playback delays. 
 
We would like to thank all the authors for their 
contribution and hope readers will enjoy this 
special issue. 
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Instability Behaviour of Heterogeneous Multimedia Networks 
Dimitrios K. Koukopoulos, University of Ioannina, Greece 

 dkoukopoulos@cc.uoi.gr

1. Heterogeneous Multimedia Networks and 
Stability 
One of the most important features of 
contemporary large-scale networks for 
multimedia distribution and communication, 
such as the Internet, is their heterogeneity. In 
multimedia networks heterogeneity comes 
around in many different flavours. First, there is 
no uniform characterisation for the specifics of 
connecting computers from different network 
parts, and the properties of interconnection links. 
For example, heterogeneous wireless multimedia 
networks have recently received a lot of interest 
[9]. Second, different traffic sources over the 
Internet (due to varying mechanisms for 
supporting different classes and qualities of 
service) result in a heterogeneous mix of traffic 
traces. Especially, an increasing number of web 
sites are providing rich multimedia content in the 
form of integrated text, graphics, audio and video. 
Also, there are a lot of popular distributed 
multimedia applications in Internet such as 
video-on-demand and IPTV [10]. Third but not 
least, although, conceptually, the Internet uses a 
unified set of protocols, in practice each protocol 
has been implemented with widely varying 
features. There are various protocols and 
techniques that are used to deliver multimedia 
content over large-scale networks [5]. 
 
Such versatile network environments can be used 
for e-commerce services like promotion of 
cultural heritage sites and activities [2]. The 
administrator of such a network wants to avoid 
in advance or detect early during execution any 
performance degradation, because this is critical 
for the network reputation and service provision. 
Heterogeneous multimedia networks should 
provide reliable content transmission. We 
consider reliability as the communication ability 
despite network link failures or high packet 
injection rates into the network. The network 
infrastructure reliability against malicious attacks 
is directly related to the user confidence that the 
network can provide the required service to 
satisfy her/his needs. Such a confidence is 
closely related to stability which requires that the 
number of packets in the network remains 
bounded at all times by a constant against any 
adversary [3]. Studying the instability behaviour 
of a heterogeneous multimedia network is not an 

easy task. It may depend on the network 
topology, the packet injection rate, the capacity 
of the links (link service rate), the slowdown of 
the links (time delay a packet suffers on a link) 
and the contention-resolution protocols 
employed on network queues.  
 
Heterogeneous multimedia networks have been 
studied extensively in the context of quality of 
service management depending on network 
topology, traffic, and contention-resolution 
protocols on network queues [12]. A 
fundamental question that arises in such 
networks concerns the degradation (or not) of 
network stability under various types of 
adversarial attacks.  
 
2. Adversarial Attacks 
Adversarial attacks that can lead a network to 
instability can be seen as a special type of denial 
of service attacks [11]. An adversary is an 
intruder that tries to change network parameters 
in order to flood the network with dummy 
packets aiming at preventing legitimate users 
from having access to the network services. 
Adversarial queuing theory model [3] is one 
popular model describing adversarial attacks. It 
considers a packet-switched network in which 
packets arrive dynamically at the nodes with 
predetermined paths, and they are routed at 
discrete time steps across the edges. Among the 
packets that the adversary injects in any time 
interval I with injection rate r, 0<r<1, at most r|I| 
can have paths that contain any particular edge. 
However, real heterogeneous multimedia 
networks, like Internet, usually contain different 
types of network links with diverse capacities 
and suffer from link failures. For supporting such 
a dynamic environment the adversary is 
enhanced with the power to change the capacities 
or slowdowns of network links [4, 6]. A number 
of other adversarial attacks are given in [1]. 
 
3. Instability Behaviour 
The problem of instability behaviour of 
heterogeneous multimedia networks has been 
studied for adversarial attacks that control packet 
injection rates and determine packet paths [7], 
and for attacks that are additionally enhanced to 
manipulate dynamically network link capacities 
or slowdowns [6, 8]. In such network 
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environments, the existence of specific network 
topologies as subnetworks under certain 
compositions of contention-resolution protocols 
may lead a network to instability interrupting 
any guaranteed service provision. In particular, 
[7] tries to characterise the instability of 
heterogeneous multimedia networks under the 
adversarial queuing model in terms of network 
topologies and packet path trajectories when 
compositions of specific protocols are used for 
contention resolution. Also, the instability 
behaviour of specific topologies of 
heterogeneous multimedia networks under 
attacks that dynamically change network link 
capacities/slowdowns are presented in [6, 8].  
 
However, remains open the characterisation of 
the instability of multimedia networks facing 
adversarial attacks based on the different needs 
for quality of service of the various types of 
multimedia content.  
 
4. Conclusions 
Studying the instability behaviour of 
heterogeneous multimedia networks we achieve 
a further step towards the design and 
maintenance of trustworthy networks. Our 
results can be applied to a network environment 
helping the network designer/administrator to 
choose a suitable network topology that fits to 
end user needs without be vulnerable to specific 
attacks or detect a pre-existent network for the 
presence or not of specific conditions that can 
lead to instability and modify it properly. Then, 
suitable contention-resolution protocols can be 
chosen based on their stability behaviour. During 
network operation, the administrator can monitor 
the packet injection rate into the network and the 
appearance of link slowdowns/capacities taking 
into account the corresponding stability results. 
This procedure is too general with open 
technological issues. One can envisage a time 
when this procedure will be applied to network 
management assisting in the construction of 
efficient heterogeneous multimedia networks. 
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1. Introduction 
Beyond 3G or 4G wireless networks will be 
based on the seamless coexistence and 
cooperation of heterogeneous radio access 
technologies with complementary technical 
characteristics. Despite continuous technical 
advances, traditional cellular architectures fail to 
offer homogeneous Quality of Service (QoS) 
levels throughout the coverage area as requested 
by the ITU recommendations for future 4G 
systems [1]. This is the case because of the 
strong signal attenuation with the distance, and 
the highly variable propagation conditions 
caused by the presence of obstacles. Although 
reducing the cell size or augmenting the number 
of base stations can help increasing the user-
perceived QoS levels, it also has a high 
economic and social cost. A different alternative 
for achieving the 4G objective is the introduction 
of relaying techniques, or the integration of 
cellular and ad-hoc networking technologies into 
what is usually referred as Multi-hop Cellular 
Networks (MCN) [2]. MCN networks are 
capable of increasing and providing more 
homogenous QoS levels by substituting a direct 
Mobile Station (MS)-Base Station (BS) link by 
multiple hops using either fixed relays (MCN-
Fixed Relay, MCN-FR) or mobile relays (MCN-
Mobile Relay, MCN-MR). Most research and 
standardization efforts have focused to date on 
FR solutions due to their lower management and 
deployment complexity. However, the possibility 
to exploit the mobile terminals communication 
capabilities in a decentralized and distributed 
manner increases the potential and future 
perspectives of MCN-MR, but also its 
management complexity. To further advance the 
development of viable and efficient MCN-MR 
systems, the mHOP project at the University 
Miguel Hernandez of Elche is investigating three 
key aspects: the experimental MCN-MR 
connectivity and QoS levels that can be achieved, 
and under which conditions they can be achieved; 
mechanisms to foster and control the user 
terminal’s cooperation in relaying other users’ 
data; and the development of advanced resource 
management schemes to efficiently integrate 
MCN-MR systems into the Beyond 3G 
heterogeneous framework. 

2. MCN-MR Connectivity 
Previous studies have already reported the 
multiple advantages that MCN networks can 
provide over traditional cellular architectures in 
terms of capacity improvement, radio cell 
extension, power consumption, throughput, etc 
[3-4]. However, these studies have been based 
exclusively on theoretical and simulation studies, 
and there is yet the need to validate the potential 
of MCN-MR through field trials. In this context, 
the mHOP project has implemented the first 
MCN-MR testbed available in the scientific 
community to investigate the performance 
improvements that can be achieved through 
MCN-MR over traditional cellular links, and the 
operating conditions under which such 
improvements can be achieved [5].  
The implemented platform incorporates two 
cellular links, one of these links will be part of a 
MCN-MR connection, while the other one will 
represent a conventional single-hop cellular link 
with which to compare the performance of 
MCN-MR. The cellular link is implemented 
using a Nokia 6720c handset that incorporates 
the Nemo Handy application, which provides the 
terminal with a powerful radio monitoring 
capability offering a valuable set of KPIs (Key 
Performance Indicators), such as the throughput, 
BLER (Block Error Rate), or RSSI (Received 
Signal Strength Indicator). The ad-hoc mobile 
relaying nodes have currently been implemented 
using conventional laptops under Linux using the 
Ubuntu 9.10 distribution that includes the Linux 
kernel 2.6.31 (a migration to handheld terminals 
is foreseen). The nodes have several wireless 
interfaces to be capable to transmit, receive, and 
capture the transmitted and received packets for 
monitoring the quality of ad-hoc links using the 
Kismet and Wireshark tools. One of the ad-hoc 
relaying nodes acts as a bridge between the 
cellular and ad-hoc technologies without 
downgrading the overall end-to-end- 
performance.  
Figure 1 illustrates an example of the 
performance improvements that can be obtained 
with MCN-MR compared to a traditional cellular 
link when operating under NLOS (Non Light of 
Sight) conditions. To this aim, the performance 
of a traditional HSDPA cellular link with NLOS 
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conditions with its serving BS is compared to 
that achieved with a MCN-MR link (integrating 
HSDPA and 802.11g at 2.4GHz) operating under 
LOS conditions through various hops. The field 
tests have been conducted at the campus of the 
University Miguel Hernandez of Elche. As it can 
be observed from Figure 1, the MCN-MR link 
(L1–mH1–mH2) can significantly increase the 
performance compared to the traditional cellular 
link (L2). The authors are currently conducting a 
large field testing campaign, including outdoor, 
indoor and outdoor/indoor scenarios, to 
investigate the performance benefits of MCN-
MR. The resulting field traces, such as those 
reported in Figure 1, will be openly distributed to 
the community once all the processing and 
formatting has been done (the traces will be 
available at: 
http://www.uwicore.umh.es/mhop.html). 
 
3. MCN-MR Networking  
To achieve the expected benefits of MCN-MR 
systems, advanced multi-hop communications 
and networking protocols will be necessary. In 
particular, robust and energy-efficient multi-hop 
routing protocols will play an important role 
considering the challenging peer-to-peer 
propagation conditions and the constrained 
terminal’s energy. Different multi-hop routing 
protocols have been proposed in the literature for 
MANETs (Mobile Ad-hoc NETworks) and mesh 
networks. Such proposals define cost functions 
considering parameters such as the number of 
hops between the source and destination nodes, 
energy, network congestion, Packet Error Rate 
(PER) or throughput [6-7]. MCN-MR systems 
are characterised by the presence of an 
ubiquitous signalling capability through the 
cellular network, and a fixed and known location 
of the BS (which represents either the destination 
or source node). Such knowledge can be further 
exploited to optimise the reliability and energy-
efficiency of MCN-MR multi-hop routing 

protocols. With this philosophy, the authors have 
designed a set of energy-efficient routing and 
neighbour selection mechanisms [8-9] that 
reduce the energy consumption, signalling load 
and network congestion in the route search 
process, and provide alternatives to adequately 
balance performance and energy consumption. 
After extensive simulation studies, the mHOP 
project is now working to validate some of the 
implemented networking techniques through 
experimental SDR (Software Defined Radio)-
based hardware testbeds using the USRP2 
platform. To this aim, an 802.11 real-time fully 
programmable node has been implemented. The 
platform incorporates the transmitter’s physical 
layer implementation done by FTW [10], and a 
complete MAC implementation developed at 
UMH [11]. The MAC code will be openly 
distributed to the community 
(http://www.uwicore.umh.es/mhop.html). 
 
4. Reputation Techniques 
MCN-MR systems will require the cooperation 
of terminal’s in relaying other user’s data. 
However, certain users might exhibit a selfish 
behavior motivated by aspects such as battery 
exhaustion, traffic overload, technological 
distrust, or intrinsic selfishness. To incentive 
nodes to cooperate in network functions, and 
prevent intentional attacks from malicious nodes, 
Selfishness Prevention Protocols (SPPs) are 
being investigated, in particular in the domain of 
MANETs [12]. Three main SPP categories can 
be identified: reputation-based, credit-based, and 
those based on game theory. Credit-based 
schemes use a virtual or real currency to pay for 
self originated data retransmitted by other nodes. 
Credit is then used to compensate for the 
utilization of resources in the relaying process, 
and it can be obtained by retransmitting other 
nodes packets or just by exchanging real money. 
Credit-based solutions are characterised by the 
need for a complex signalling solution and a 
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Figure 1. Field test and MCN-MR vs cellular throughput comparison 
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tamper-proof hardware that compromise their 
scalability. Game theory models simulate a game 
where each mobile node can choose either to 
retransmit other nodes data or not. Equilibrium 
stability of different strategies can be studied 
analytically, but game theory models usually fail 
to reproduce important parameters of real 
systems. In this context, a more viable solution 
for future MCN-MR systems might be reputation 
techniques that base their operation on the 
observation of the behaviour of other nodes in 
order to fill a reputation table where the 
willingness to cooperate of the neighbor nodes is 
quantified. The reputation table is then used to 
identify selfish nodes and establish reliable 
multi-hop routes.  
Despite their applicability perspective, current 
reputation techniques, which in general use the 
watchdog mechanisms to observe the behavior of 
other nodes [13], exhibit certain inefficiencies 
since they can mistake packet collisions or 
packet errors with intentional packet drops. To 
overcome these inefficiencies, the mHOP project 
has proposed new techniques that enhance the 
ability of the SPP to detect the real selfish nodes 
and reduce the number of incorrect accusations 
[14]. The proposed mechanisms are intended to 
be run in parallel with any reputation based SPP 
using the watchdog mechanism to detect nodes 
acting selfishly.  
The majority of reputation-based SPP 
mechanisms proposed to date consider fully 
distributed systems, with the consequent 
difficulty to trace the reputation of mobile nodes. 
To integrate reputation-based SPP mechanisms 
into MCN-MR systems, the mHOP project is 
currently investigating how to exploit the 
ubiquitous cellular signalling capability of 
MCN-MR systems to develop robust and 
efficient (in terms of signalling, bandwidth and 
energy consumption) reputation-based SPP 
mechanism capable to adequately trace the users’ 
reputation under mobile environments.  
 
4. Conclusions 
MCN-MR systems can offer significant benefits 
over the traditional infrastructure-centric cellular 
systems. The integration of cellular and ad-hoc 
technologies, and the participation of mobile 
terminals in the relaying of data, creates new 
communication paradigms, but requires 
advanced mechanisms to efficiently manage the 
communications and computing resources of 
mobile terminals. In this context, the mHOP 
project is investigating some of the key 
technological components in MCN-MR systems, 

in addition to analyzing the experimental 
potential of this emerging technology through 
field testing and prototyping. The following 
project’s target will be to investigate how MCN-
MR solutions can be fully integrated and 
efficiently managed in an heterogeneous wireless 
framework. 
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1. Mobile Social Networks (MSNs): a New Vision 
Social networks have attracted billions of active users 
under major online social network (OSN) systems 
such as MySpace, Facebook, etc. These systems 
allow people with common interests to come together 
and form virtual social communities. Nowadays these 
social networks are increasingly going mobile, i.e., 
being used on mobile devices by end users thus 
rendering the so-called mobile social networks 
(MSNs). MySpace, one of the most prominent 
representatives of OSNs, regards its advancements 
into mobile as one of the key initiatives and key to 
their growth. There is also a historic shift from PCs to 
mobile devices for Internet access, as driven by the 
advent of smart phones such as Apple’s iPhone and 
Google’s Android operating system. It is reasonable 
to expect the penetration of MSNs to match of the 
penetration of mobile handsets. Indeed, it’s the 
mobile phone, rather than the desktop PC or laptop, 
that constantly company people in their everyday life. 
This realization has sparked a proliferation of MSN 
activities in academia, social communities and 
industries in the past few years.  
The majority of these activities (e.g., [1-3]) focuses 
on user applications running on user mobile devices 
and pays little attention to the applications’ 
underlying mobile networks. These work on mobile 
social networks concerns how the specific features of 
mobile phones (e.g., location) can be utilized to 
augment the OSNs from traditional stationary PCs to 
mobile phones. The data collected by mobile phones 
and then mined by a special data-mining or pattern 
recognition engine are also used, on the other hand, 
to benefit the further development of OSNs. In these 
cases, the wireless mobile networks on which these 
mobile phones operate are not considered. In this 
Letter, we argue that the underlying serving wireless 
networks play an equally important role to the 
success of mobile social networks. Therefore, MSNs 
shall be regarded as a marriage of the traditional 
wired-network-based social networks such as 
Facebook with mobile wireless networks.  
This is a new angle of researching into MSNs, which 
new approaches that shall involve not only cross-
layer design (e.g., social knowledge at the higher 
application layer and network protocols at the lower 
network and data link layer) but also inter-

disciplinarity (e.g., social science on one hand and 
network engineering on the other hand). The 
exchange of cross-layer information can better 
inform each layer to design more effective and 
efficient operational procedure and algorithms.  
2. Heterogeneous Wireless Networks 
When you stand at a point of your university campus 
your multi-mode smart phone is likely to be exposed 
to multiple wireless network signals: 2.75G (EDGE) 
from O2, 3G (UMTS which is WCDMA) from the 3 
Company, 3.5G (HSDPA) from Vodafone, various 
WiFi access points (IEEE 802.11g or the most recent 
802.11n) provided by British Telecom/your 
university/your department/your research group, and 
even WiMAX and/or DVB-H if your department has 
a research group that is into this area of research (and 
in Japan and Korea WiMAX is almost ubiquitous in 
big cities), in addition to the normal GPS, Bluetooth. 
We live in a world of many different types of 
wireless access networks. There will be no perfect 
wireless system in terms of various factors such as 
mobility, capacity, coverage, and cost. Instead, these 
networks, each with its unique features, will co-exist.  
On the other hand, user’s mobile phones are 
increasingly equipped with multiple air interfaces 
enabling them to get access to different wireless 
networks at different time either dynamically or 
under the construction of mobile users. In future, it 
may be possible for a mobile phone to make 
simultaneous use of multiple air interfaces to increase 
its data rate and to provide better quality of service 
guarantees. 
Furthermore, the ad hoc mode where there is no 
centralized network infrastructure such as 3G base 
stations (BSs) or WiFi access points (APs) in the 
network shall be utilized to support MSNs as well. 
Namely, user Bob’s mobile phone can communicate 
with Alice’s directly if they fall within each other’s 
signal transmission ranges, or through multiple hops 
via some other immediate mobile devices, e.g., 
David’s mobile phone, if both fall short of each 
other’s reach. This physically ad hoc way of 
communications go shoulder to shoulder with the 
distribution of user content among user mobile 
devices. Moreover, there is no guarantee this type of 
ad hoc network is always fully connected, i.e., one 
mobile device in the network can always connect to 
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any other node in the network in a multi-hop way. As 
a result, the relayed data experiences longer delay as 
it can only be transmitted when the connection to the 
destination is available. Therefore, this type of ad hoc 
networks has to be able to tolerate delay, or they are 
delay-tolerant networks or DTNs [4]. The research on 
DTNs started in the fixed core IP networks and now 
has spread into wireless networks due to its delay-
tolerant nature perfectly matching mobile phone-
enabled human networks [5] or so-called pocket 
switched networks [6].  
When carrying out multimedia information sharing in 
MSNs over such a heterogeneous network 
environment, many issues need to be considered. For 
instance, one immediate question would be which 
wireless network one shall select. Network selection 
shall take into consideration the nature of the 
multimedia content: e.g., format – JPEG or MPEG or 
HD, mission-critical (e.g., for medical purpose) or 
non-mission-critical (e.g., just for normal 
entertainment purpose), etc. The location of the 
content shall also be considered and so shall the 
social role of the content provider. One way of 
carrying out network selection is to utilize the generic 
MADM (Multiple Attribute Decision Making) 
algorithms [7]. 
3. Multimedia Information Sharing in MSNs 
The location of the content can be different. In the 
current OSN systems, content is solely held and 
maintained by MSN providers, e.g., at Facebook’s 
servers or youTube servers on the Internet. MSN 
users need to upload their content up to the MSN 
servers. In contrast, content in the new vision of 
MSNs can also be stored on individuals’ mobile 
devices. An MSN user can select the location as to 
whether his content to be stored and thus accessed 
from. This choice of flexibility fits well into two 
current trends: (1) end users nowadays are not only 
content consumers but also content providers (thus 
the new word “prosumers”); (2) end user’s mobile 
devices are increasingly more capable in terms of 
both processing power/storage and network capacity. 
An end user Bob may well choose to store his tour 
video on his mobile device so that his friends or 
family members around him can connect to his 
mobile phones to get access to the video. Doing so 
will also save the bandwidth for uploading and 
therefore the MSN server and the core Internet get 
less crowded. Bob can also choose to store the video 
content on both his own mobile device and the MSN 
server on the Internet under his user account. An 
intelligent MSN system may direct Bob’s friends to 
different locations of this video according to the 
friends’ physical locations and their network 
capabilities. For instance, it would be wise to let 
Alice nearby to use WiFi to watch the video directly 

from Bob’s mobile device if they happen to be able 
to connect via WiFi. The MSN system might even 
suggest Bob to upload his video content only when 
there is sufficient need for such an uploading.  
Two aspects of issues arise when considering 
multimedia content sharing in such an MSN: firstly, 
how MSNs work effectively over such wireless 
mobile DTNs; secondly, how DTNs take advantages 
of the user information from social networks to 
operate more efficiently. Obviously, both call for 
information exchanges between social networks at 
the upper layer and the wireless communication 
networks at the lower layer. On one hand, MSNs 
shall endeavour to make use of network status 
information such as users’ network types, conditions 
(data rate, delay, jitter, packet lost, etc), and even 
tariffs to provide more tailored social networking 
services to users, namely, the so-called network-
aware social networks. On the other hand, social 
knowledge derived from social networks may well be 
utilized by the underlying communication networks 
for a more efficiently-performed wireless networks, 
namely, the so-called socially-aware mobile wireless 
networks. 
4. Research Challenges 
Distributed multimedia content: as mentioned earlier, 
content in such a new vision of MSN can exist in 
both mobile ad hoc networks and centralized content 
provider’s servers. Corresponding algorithms and 
protocols relating to issues such as how to 
synchronize the same content across different 
locations and how to select the best location(s) to 
retrieve a piece of content need to be designed and 
implemented.  
Reliability: another potential concern with MSNs is 
reliability. As the fulfillment of socializing amongst 
mobile users/devices in an ad hoc manner depends on 
wireless networks, the communication between a pair 
of mobile devices may not be possible if there is not a 
route between this pair of mobile devices or the links 
between this pair of devices are very poor. This is 
typical in areas where mobile users are sparsely 
located. How to design MSN middleware and 
algorithms to cope with this situation is a research 
challenge. 
Security and privacy: in addition to the existing 
concerns over fixed-network-based OSNs, mobile 
wireless networks (in particular their ad hoc mode) 
brings more vulnerability to such MSNs in terms of 
security and privacy. For instance, the lack of 
centralized control, cooperative routing, and limited 
computational ability of mobile nodes all pose extra 
security challenges such as sleep deprivation, black 
hole, etc. Location privacy of the mobile users has 
always been an issue. MSN middleware platforms 
must ensure that users cannot track each other 
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without legitimate permissions or infer social ties 
based on location information. 
4. Conclusions 
Mobile social networks that consider both wireless 
transmission networks and social networks are 
expected to create an era where MSN service 
providers, network operators and most importantly 
end users all benefit. Majority of the content to be 
delivered over such MSNs will be multimedia 
content. This Letter has discussed an interesting 
mechanism for distributing and accessing such 
content information over MSNs. Some research 
challenges are also identified.  
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1. Introduction 
Cognitive Radio (CR) technologies have attracted 
researchers’ attention for realizing flexible wireless 
networks with high efficiency of frequency usage [1]. 
CR can be roughly classified into two types. One is 
multi-mode CR, in which the multi-systems can be 
selected or aggregated for data transmission 
according to the observed status of each wireless 
system [2]. The other one is spectrum shared CR, in 
which the secondary CR systems share the spectrum 
with the primary wireless system not to give the 
interference to the primary system [3]. In a future 
cognitive radio world, these heterogeneous networks 
including multi-mode CR and spectrum shared CR 
have to be jointly used for data transmission to 
satisfy the demand of various applications including 
multimedia services. 
 
A protocol layer structure of such kinds of 
heterogeneous networks is required to support 
multiple physical layer (PHY) and media access 
control (MAC) layer protocols with simple higher 
layer protocols. In current wired and wireless 
networks, TCP/IP and UDP/IP are regarded as 
standards of network protocols. These protocols 
cannot be easily changed even if lower layer 
techniques have diversification by applying CR. On 
the other hand, the PHY layer and the MAC layer 
techniques of current wireless systems cannot be 
easily changed for supporting heterogeneous 
networks. Moreover, the PHY layer and the MAC 
layer techniques of spectrum shared CR systems 
depend on status of primary systems and wireless 
environment. 
 
In order to sufficiently utilize these various PHY 
layer techniques by using current higher layer 
protocol, we have to consider cross-layer adaptation 
for supporting various applications. As shown above, 
since higher layer protocols above network layer, 
and lower layer protocol at PHY layer, cannot be 
easily changed for supporting the future networks. 
From these points of view, the flexible MAC layer 
technologies are very important for the future CR 
networks.  
 
This article briefly introduces a protocol architecture 
focusing on flexible MAC layer for multimedia 
services in a future CR world and presents some 
examples for explaining the importance of MAC 

layer technologies in future heterogeneous 
networks. 
 
2. Protocol Architecture for Multimedia 
Services in Future Cognitive Radio World 
The protocol architecture of flexible MAC layer 
techniques for supporting multi-media services is 
shown in Fig.1. We consider multiple 
applications with different requirement of data 
rate, packet loss, delay, and so on over multiple 
wireless systems including legacy primary 
wireless systems like LTE, WiMAX, WiFi, and 
spectrum shared secondary CR systems. Higher 
layer protocols like TCP/IP and UDP/IP cannot 
be easily changed according to heterogeneous 
lower layer characteristics because many devices 
and operating systems (OS) already support 
these protocols. On the other hand, legacy 
primary systems already work with their own 
lower layer architecture so that it is also difficult 
to change. Spectrum shared secondary systems 
may change their lower layer operation 
according to the applications and network 
protocols; however, the performance of these 
systems depend on the surrounding wireless 
environment like the status of spectrum shared 
primary systems. From these points of view, the 
key layer for realizing flexible heterogeneous 
networks is MAC layer as shown by shadow 
boxes in Fig. 1.  
 

 
Fig.1 Protocol architecture for multimedia 
services in a future cognitive radio world. 

 
The role of MAC layer architecture for 
heterogeneous networks consists of two parts. 
One is “adaptive heterogeneous system 
management” part and the other one is “spectrum 
resource management for CR” part. The former 
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one controls quality of networks like data rate, 
packet loss, and delay considering higher layer 
demands by using multiple wireless systems. Legacy 
wireless systems still have their own MAC layer and 
PHY layer techniques and it is difficult to modify 
them according to multiple systems and multiple 
applications. Then we set the adaptive heterogeneous 
system management block for managing the 
aggregated systems in the aspect of quality of 
services (QoS) for hiding the affect of system 
characteristics of lower layer from the upper layer 
services.  The later one controls the radio resource of 
the secondary system for sharing the spectrum with 
the primary systems. This resource management 
should consider the protection of the primary system 
and maximization of the secondary system 
throughput. The secondary resource management 
can control the secondary system by considering the 
situation of the primary systems. For examples, the 
transmit timing control, power control, channel 
control and so on, according to the other primary 
system status and wireless conditions. Then the total 
system management is operated by adaptive 
heterogeneous system management including the 
spectrum shared cognitive radio and the multi-mode 
wireless services. 
 
3. TCP Aware Network Aggregation on 
Heterogeneous Networks 
Current mobile terminals can access multiple 
networks and multiple services with different data 
rate, service area. In future wireless networks, more 
diversified networks including spectrum sharing 
networks can be used. Mobile users can select or 
aggregate these heterogeneous networks [2]. If the 
users have mobility, a handover or a dynamic flow 
control among these multiple networks has to be 
considered. However, the higher layer protocol like 
TCP/IP cannot support such dynamical data rate and 
delay fluctuation and total TCP throughput 
performance degrades. As one solutions of this 
problem, TCP aware flow control for supporting 
heterogeneous networks can be considered. Here, we 
show the examples of flow control for multiple 
networks in Fig. 2. 
 
In Fig.2 (a), a MAC flow controller is set at the 
infrastructure networks and mobile terminal does not 
have large buffers for TCP packet control [4]. On the 
other hand, in Fig.2 (b), a TCP flow is encapsulated 
between the infrastructure and the mobile terminal 
[5]. The former method does not require large 
modification of processing at the mobile terminal so 
that the load of terminal can be reduced. However, it 
is required to carefully control data rate and delay 
with checking the status of TCP behavior. In 

particular, the congestion control has to be 
carefully treated not to keep the lower end-to-end 
throughput. The later method can control the 
TCP packets more flexibly. However, it is 
required to set more complicated mobile terminal 
with TCP packet order control. This structure is 
suitable for a mobile router setting between a 
mobile device and networks.  

 
Fig.2 TCP aware network aggregation. 

 
 
4. TCP ACK Control on Dual Network Link 
Rate Unbalance Environment 
We pay attention to not only one-way link with 
flow control shown in Sect.3, but also dual 
network link with TCP link rate unbalance in 
wireless communication system. In TCP link, the 
data packet supplied to the communication link 
of the lower layer is controlled by the cumulative 
Acknowledgement (ACK) packet, where the 
cumulative ACK packet indicates the number of 
continuous successful data packet. In addition, 
the data server starts supplying the data packets 
to lower layer when receiving ACK packet. 
Therefore, the ACK packet is the trigger for 
supplying data packet. In TCP link connection, 
dual network link (Server to Receiver link: Data 
link and Receiver to Server one: ACK link) is 
necessary. Since the data size of Data packet is 
much larger than that of ACK packet, the 
required data bandwidth for Data link is also 
much larger than that for ACK link. The TCP 
throughput, however, strictly depends on both 
the bandwidths of Data and ACK links [6]. Note 
that Ref. [6] suggests TCP throughput becomes 
small when the bandwidth of ACK link is too 
large. Fig. 3 shows the reason of this in detail. In 
heterogeneous wireless communication system, 
the selectable wireless interface is different, case 
by case. For high TCP throughput, the adaptive 
bandwidth control is necessary.   
Then the bandwidth control method of ACK 

link which depends on the bandwidth of Data 
link should be considered. In this concept, the 
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base station confirms the bandwidth of Data link and 
then selects the appropriate bandwidth of ACK link 
from the pre-designed table. The advantage of ACK 
link control is that the required band width of ACK 
link is easily reserved by selecting wireless interface 
because the data rate of ACK link is not so large that 
a lot of frequency resources are consumed. 
Important work is how to construct the designed 
table of link bandwidths between Data packet and 
ACK one. Since base station is in the middle of End-
to-End link connection, it is difficult for the base 
station to specify TCP connection. Therefore, the 
cross layer concept between TCP and MAC layers is 
necessary. 

(a) ACK Link Speed is so SMALL

Data Link

Buffer

Buffer

Ack Link

1. Ack Link Speed is so small 
that ACK packet arrives at 
server for long time

2. Supplied Data
Packet is bursty

3. Instantaneous Required 
Speed is huge

4. Packet Drop 
occurs!

ServerUser

(b) ACK Link Speed is so LARGE

Data Link

Buffer

Buffer

Ack Link

2. Supplied Data 
Packets increases 
for short period

3. Large Data Speed is 
constantly required

4. Packet Drop 
occurs!

1. Ack Link Speed is so large that ACK 
packet arrives at Server for short time

ServerUser

Fi
g.3 Effect of ACK link’s bandwidth for TCP 

connection. 
 
5. Spectrum Resource Management in MAC 
Layer for Spectrum Shared Cognitive Radio 
Sections 3 and 4 describe the importance of common 
MAC layer technologies for multi-mode and 
spectrum shared CR. However, spectrum shared CR 
requires more dynamical and flexible MAC layer 
technologies in the aspect of spectrum resource 
control for sharing the spectrum with primary 
wireless systems.  Then “Spectrum resource 
management for CR” block shown in Fig.1 is 
required. The main role of this block is dynamic 
radio resource control methods [7] like access timing 
control, channel selection, and power control for 
spectrum sharing by using the information of 
surrounding wireless environment. These control 
technologies are categorized in MAC layer and 
influences the efficiency and reliability of spectrum 
shared primary and secondary systems. “Learning” 
and “Prediction” are key words for giving 
intelligence toward these MAC control. Joint 
operation with physical layer techniques like 

spectrum sensing [8][9], adaptive technologies 
(modulation, power, etc) can improve the 
spectrum efficiency with protecting the 
performance of the primary system.  
 
6. Conclusions 
In this letter, we summarize importance of MAC 
layer technologies for supporting various kinds 
of QoS requirement on multimedia services in a 
future CR world. The heterogeneous networks 
have to support more flexible frequency use 
based on CR technologies. Since, the researches 
of intelligent MAC layer techniques for CR are 
quiet primitive, the more flexible wireless 
system considering such intelligence based on 
the protocol architecture of future cognitive radio 
is expected to be key technologies for developing 
a future CR world. 
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Foresighted Resource Reciprocation Strategies for Heterogeneous Multimedia Users in 
Peer-to-Peer Networks 
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1. Introduction 
 
Recently, numerous multimedia applications have 
been serviced over various network infrastructures 
such as wired networks (e.g., the Internet or local 
area network (LAN)), wireless networks, and 
overlay networks (e.g., peer-to-peer (P2P) networks). 
These heterogeneous networks are often resource 
constrained, and moreover, multimedia users may 
have different resource requirements. Therefore, it is 
important to design an adaptive resource 
management strategy while considering the 
characteristics of heterogeneous multimedia users.  
 

In this article, we focus on the multimedia streaming 
users over P2P networks, where they have different 
quality of service (QoS) requirements and available 
resources (e.g., available bandwidth depending on 
each user’s network connection). The most popular 
P2P protocol that is currently deployed in file 
sharing is BitTorrent [1]. However, it is known that 
the BitTorrent systems may not effectively cope 
with peers’ non-cooperative behaviors such as free-
riding [2], [3], leading to performance degradation. 
In order to overcome the limitation and improve the 
performance, a foresighted resource reciprocation 
strategy is proposed in [4], where peers with the 
foresighted resource reciprocation strategy can 
decide their resource reciprocations, such that they 
can maximize their long-term utilities, i.e., the 
immediate utility as well as the future utilities. This 
approach thus can lead to a better efficiency for 
resource reciprocation in P2P networks. However, 
the focus of these protocols is on efficient content 
distribution over P2P networks, without considering 
the timing constraints. Hence, these protocols can 
only provide a limited performance for multimedia 
streaming applications. A slightly modified 
BitTorrent protocol is designed for multimedia 
streaming, which is referred to as BiToS [5]. This 
protocol incorporates the packet (or data segment) 
selection process into the original BitTorrent 
protocol, thereby improving the multimedia 
streaming performance 
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In this article, we enhance on the foresighted 
resource reciprocation strategy by explicitly 
considering the timing constraints for continuous 
display of the multimedia data and the importance of 
each multimedia data segment for the multimedia 
quality. In particular, priority functions are 
incorporated into the reward function in order to 
adapt to the specific characteristics of multimedia 
streaming applications. As a result, the peers 
exchange video packets with the strategy that 
ensures the most important packets have a higher 
probability to reach the decoder on time for proper 
decoding. Thus, the solution proposed for efficient 
file sharing can be enhanced to support the 
multimedia streaming.  
 
2. Foresighted Resource Reciprocation Strategy 
for File Sharing 
 
In [4], the resource reciprocation among peers that 
are interested in each other’s content is modeled as a 
stochastic game, and the foresighted resource 
reciprocation strategy can be found in the Markov 
Decision Process (MDP) [6] framework. This model 
was originally proposed to replace the tit-for-tat and 
optimistic unchoke mechanisms in BitTorrent 
systems [1].  
 
In general, the MDP consists of a set of states, a set 
of actions, reward function, and the state transition 
probability. The state transition probability 
determines a probability of mapping each state into 
the next state given an action. Specifically in [4], the 
MDP for P2P networks is modeled as follows. A 
state space of a peer represents a set of resources 
received from the associated peers in the peer set. 
An action space is defined as a set of actions that a 
peer can take in its peer set, which is the resource 
division of the peer. Reward for a peer represents 
received resources from its state. Finally, a 
reciprocation policy provides optimal actions for all 
states, and the policy can be obtained from a solution 
to the MDP. It is guaranteed that the policy can be 
obtained based on well-known methods such as 
value iteration and policy iteration. Note that solving 
MDP may require high computational complexity, 
which exponentially increases as more peers are 
considered in a peer set. Thus, it is necessary to 
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reduce the set of interacting peers for practical 
deployment. This solution is actually implemented 
in [7]. Finally, the decisions made from the resource 
reciprocation policy are referred to as foresighted 
actions, as they enable peers to achieve maximum 
cumulative discounted rewards by considering the 
future rewards [4]. It is confirmed that the 
foresighted resource reciprocation strategy 
outperforms the regular BitTorrent protocol [4], [7].  
 
While the foresighted resource reciprocation can 
improve the performance for file sharing, the reward 
function is defined as the received resources, and 
thus, the focus of the solution in [4] is only on 
maximizing the received resources. Hence, it can 
only provide a limited performance for multimedia 
streaming applications, as it does not consider 
multimedia characteristics especially timing 
constraints of multimedia data. This may result in 
undesirable interruptions of continuous playback of 
multimedia streams. In order to overcome this 
limitation, a modified reward function is proposed in 
[8], where each peer can explicitly consider the 
orderings of the data segments, while downloading 
them as fast as possible. 
 
3. Foresighted Resource Reciprocation Strategy 
for Multimedia Streaming 
 
In order to efficiently consider the characteristics of 
multimedia streaming, a priority function is 
incorporated into the original reward function, while 
explicitly considering the decoding deadlines (e.g., 
positions of data segments) and the quality impact. It 
modifies the reward function as a weighted sum of 
rewards in conjunction with the priority of packets. 
In [8], two types of priority functions are discussed, 
which are position depending priority function and 
segment-type depending priority function.  
 

Determining State 

Transition Probability 

Resource 

Reciprocation Game

iCGroup
Group Dynamics 

Changed?

yes

- Group Dynamics Change: 

member change, behavior change

no

Priority-based 

Reward Functions

 
Figure 1. A block diagram of the foresighted 
resource reciprocation strategy for multimedia 
streaming 

The position depending priority functions mainly 
focus on timing constraints in each data packet. Thus, 
the data segments can be prioritized based on their 
display time and peers can download more important 
data segments (i.e., the segments having higher 
priority) earlier. The position depending priority 
functions are illustrated as square shaped function 
and exponential shaped function, which represent 
differences between discrete and continuous priority 
functions. In addition, the segment-type depending 
priority functions focus on the type of compressed 
video packets such as I-, P-, and B-frames in MPEG 
or H.264 standards [9]. Thus, the corresponding data 
segments can also be characterized by the type of the 
frame they represent. A diagram for the foresighted 
resource reciprocation strategy for multimedia 
streaming is depicted in Figure 1. 
 
The simulation results shown in [8] confirm that the 
approach outperforms several existing algorithms 
such as tit-for-tat in BitTorrent protocol and BiToS 
in P2P networks, in terms of packet loss rates and 
the video quality for given playback delays. 
 
4. Conclusions and Future Research 
 
In this article, we discussed a foresighted resource 
reciprocation algorithm and its variation such that 
this algorithm can efficiently support the multimedia 
streaming applications as well. In order to explicitly 
consider the timing constraints and different impacts 
of each data segment on the quality, several priority 
functions are studied and successfully incorporated 
into the foresighted resource reciprocation strategy. 
Results confirm that this approach outperforms 
several existing algorithms such as tit-for-tat and 
BiToS in P2P networks, in terms of packet loss rates 
and the video quality for given playback delays. 
Interesting future research topics may include the 
study of how to decide the system variables 
optimally in dynamic networks. 
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