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Message from the Review Board
Introduction
In addition to recommend high quality articles to
MMTC members, another goal of the Review
Board is to promote MMTC and initiate helpful
exchange between technical committees.
Resulting from the hard work of Review Board
members, we are glad to advise that, starting
from this issue, the front page of our latest Rletter will be displayed on the SIGMM Records
webpage. Names of R-article editors will also be
included in the front page. This will certainly
help establish a closer link between MMTC and
SIGMM communities. R-letter is also becoming
a regular contributor to IEEE Communications
Society’s Communications Technical News.

Distinguished Category
The recent advent of ubiquitous network access
and affordable mobile devices has led to an
unprecedented traffic growth in wireless
networks. Such exponential growth has brought
several technical challenges; one is the everincreasing network energy consumption,
especially on Base Stations (BSs). Another
important challenge is how to manage/utilize
such gigantic amount of data generated by
mobile users.
The first paper, published in the IEEE
Transactions on Wireless Communications,
provided a new perspective on green cellular
networks using hybrid energy, which consists of
traditional grid and renewable green energy.

The first paper, published in the IEEE
Transactions on Vehicular Technology and
edited by Koichi Adachi, proposes a novel
bandwidth management system for live video
streaming in a public-shared network.
The second paper, published in the IEEE
Transactions on Multimedia and edited by
Carsten Griwodz, presents a joint bit allocation
and rate control for the coding of multiview
video plus depth based 3D video.
The third paper is edited by Guillaume Lavoué
and has been published within the Proceedings
of IEEE International Conference on Computer
Vision (ICCV) and proposed means for the
automatic natural Language descriptions of
images.
The forth paper, published in the IEEE
Transactions on Multimedia and edited by Jun
Zhou, describes an effective shape similarity
fusion method based on local data distribution.
Finally, we revisit a paper by incorporating the
authors’ view. The fifth paper, published in
IEEE Transactions on Image Processing and
edited by Guillaume Lavoué and Adrian G. Bors,
proposes improvements for a 3D digital
watermarking
system
with
respect
to
perceptibility and robustness. Interestingly, it
provides a different view on the same paper we
reviewed in the December 2013 issue.
We would like to thank all the authors,
nominators, reviewers, editors, and others who
contribute to the release of this issue.

The second paper, published in the IEEE
Transactions on Multimedia, studied a mobile
cloud-based stream mining system, where
mobile users send their captured data streams to
the cloud for mining.
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Mining Data Streams in Mobile Clouds
A short review for “Efficient Resource Provisioning and Rate Selection for Stream Mining in a Community Cloud”
Edited by Carl James Debono
S. Ren, and M. van der Schaar, “Efficient Resource Provisioning and Rate Selection for Stream
Mining in a Community Cloud,” IEEE Transactions on Multimedia, vol. 15, no. 4, pp. 723-734,
June 2013.
Mining of multimedia data within large networks
requires advanced search techniques that are
computationally demanding. Implementing these
solutions in mobile networks is not feasible due to the
hardware and energy constraints of the mobile
devices. Therefore, new techniques are needed to
make multimedia data mining available in wireless
systems.

mining system, which thereby consumes a huge
amount of energy [5].
The authors of the original paper study a mobile
cloud-based stream mining system, where mobile
users send their captured data streams to the cloud for
mining. Three key metrics, energy consumption of
the cloud, stream mining performance (e.g., accuracy
of mining result) and responsiveness, are holistically
combined into the study, while the energy
consumption of battery-powered mobile users is also
incorporated as a system constraint. Nonetheless, due
to the inherent tradeoff, optimizing these three
performance metrics simultaneously is not possible in
practice. Thus, depending on the specific application
environment, the cloud operator needs to have the
ability to perform a desired tradeoff, which, however,
is challenged by the fact that the environment in
which the stream mining system operates is randomly
changing over time and the distribution of the
underlying stochastic process is often unknown
a priori. Specifically, the wireless channels linking
the cloud and mobile users are time-varying with
possibly unknown channel gain distributions, and the
data stream characteristics may also be constantly
changing.

The recent advent of ubiquitous network access and
affordable mobile devices have led to an
unprecedented growth of information flows and
spurred a massive generation of widely-scattered data
streams in wireless networks. Such a new wave of big
data promises to revolutionize and bring fundamental
changes to many sectors, including healthcare, energy
and cloud computing, among others. The full
potential of the enormous data streams in wireless
networks can only be realized when the data is
“mined” promptly. Mining the data streams by
extracting valuable information out of the data in real
time, however, is typically computation-intensive and
exceeds the capabilities of many mobile devices,
despite numerous technological innovations in the
mobile industry during the last decade [1]. Resolving
the conflicts between the soaring demand for mining
big data, emerging in wireless networks, and the
resource scarcity of mobile devices calls for a new
computing paradigm, for which mobile cloud appears
to be a promising candidate due to its capability of
providing elastic and scalable computational
resources to the mobile users [2, 3].

To address these challenges, the authors of the paper
leverage state-of-the-art control techniques [6] and
develop
an
online
computational
resource
provisioning and transmission rate selection
algorithm to minimize the classification-energy cost.
This formally quantifies both stream mining
performance and energy consumption on the cloud
side, subject to the stream mining responsiveness
requirement. The algorithm specifies a sequence of
online decisions without requiring the need of the
future information. Specifically, at each time instant,
each mobile user decides its transmission rate (which
affects the user’s transmission power and influences
the stream mining performance), while the cloud
operator decides its computational resource
provisioning (e.g., how many servers, which CPU
speed setting) for stream mining. The authors of the
paper also show that at the expense of increasing the
response time of stream mining, the classificationenergy cost can be reduced and pushed arbitrarily
close to the minimum cost achieved by the optimal

While mobile cloud is emerging as a critical
component for reaping the full benefits of enormous
data streams, it faces several challenges that involve
various aspects of the system and need to be
addressed. First, mobile devices, where data streams
are generated, are highly energy-constrained, whereas
sending data streams to the cloud side is power
consuming [4]. Second, responsiveness of the data
stream mining cannot be compromised, since
otherwise the mining result may be of little value
and/or even result in serious consequences [1]. Last
but not least, on the cloud side, a large number of
servers are indispensible for supporting the stream
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[5] B. Guenter, N. Jain, and C. Williams, “Managing
cost, performance and reliability tradeoffs for
energy-aware
server
provisioning,”
in
Proceedings of IEEE INFOCOM, 2011.
[6] M. J. Neely, Stochastic Network Optimization
with Application to Communication and
Queueing Systems, Morgan & Claypool, 2010.

offline algorithm. The authors also extend the result
to a profit-maximizing cloud operator that can
dynamically price its computational resource for
stream mining to maximize its long-term profit.
Extensive simulations results were conducted and
analyzed by the authors to validate the analysis.
In summary, the authors address four system issues in
a mobile cloud mining: (1) minimizing energy
consumption on the cloud side; (2) improving stream
mining performance; (3) delivering timely mining
results; and (4) reducing power consumption of
mobile devices. The distinguishing feature of online
execution makes the solution proposed by the authors
an appealing candidate for future mobile cloud
supporting interactive stream mining and for realizing
the full potential of big data in wireless networks.

Carl James Debono (S’97,
M’01, SM’07) received his
B.Eng. (Hons.) degree in
Electrical Engineering from the
University of Malta, Malta, in
1997 and the Ph.D. degree in
Electronics
and
Computer
Engineering from the University
of Pavia, Italy, in 2000.

The mining of multimedia data in wireless networks
will increase in demand and complexity as more users
make use of multimedia capabilities of the devices to
generate content and when more advanced content,
such as 3D video content, is captured. To be
successful, algorithms and solutions that are fast and
consume less energy are needed. This needs to be
coupled with improved accuracy, such as finding new
descriptors that help the mining process. Future work
needs to take into consideration these issues to make
mobile cloud multimedia data mining viable.

Between 1997 and 2001 he was employed as a
Research Engineer in the area of Integrated Circuit
Design with the Department of Microelectronics at
the University of Malta. In 2000 he was also engaged
as a Research Associate with Texas A&M University,
Texas, USA. In 2001 he was appointed Lecturer with
the Department of Communications and Computer
Engineering at the University of Malta and is now an
Associate Professor. He is currently the Deputy Dean
of the Faculty of ICT at the University of Malta.
Prof. Debono is a senior member of the IEEE and
served as chair of the IEEE Malta Section between
2007 and 2010. He is the IEEE Region 8 Vice-Chair
of Technical Activities for 2014. He has served on
various technical program committees of international
conferences and as a reviewer in journals and
conferences. His research interests are in wireless
systems design and applications, multi-view video
coding, resilient multimedia transmission, and
modeling of communication systems.
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A New Perspective on Green Cellular Networks using Hybrid Energy
A short review for “On Optimizing Green Energy Utilization for Cellular Networks with Hybrid Energy
Supplies”
Edited by Weiyi Zhang
Tao Han, and Nirwan Ansari (FIEEE),"On Optimizing Green Energy Utilization for Cellular Networks
with Hybrid Energy Supplies”', IEEE Transactions on Wireless Communications, Vol. 12, No. 8,
August 2013,pp. 3872-3882.
Green communications has received much
attention recently. In wireless cellular networks,
energy consumption is mainly drawn from BSs
(base stations). According to the power
consumption breakdown [1], BSs consume more
than 50% of the power of a cellular network. In
addition, the number of BSs is expected to be
doubled in recent years [2]. Thus, reducing the
power consumption of BSs is crucial to green
cellular networks.
One of the popular techniques improving the
energy efficiency of cellular networks is to design
and optimize the power saving communication
protocols that adjust the transmit power of the
transceivers according to the traffic intensity. For
example, one intuitive idea is to switch off the
BSs when the traffic load is below a certain
threshold for a certain time period [3]. When
some BSs are switched off, radio coverage and
service provisioning are taken care of by the
devices that remain active. The BS switching
problem can be formulated as an optimization
problem that minimizes the number of active BSs
while meeting the traffic load in the access
network.
However, when the traffic demand is intense, few
BSs can be switched off, and thus these "sleep
mode" based algorithm may not be effective.
When traffic demand is intense, heterogeneous
radio access networks which utilize a diverse set
of base stations achieves higher spectral and
energy efficiency per unit area. The network
deployment featuring high density deployments
of small, low power BSs achieves higher network
energy efficiency [4, 5].
Another proposed solution is to use green energy
powered BSs to reduce the carbon footprint [6].
Green energy such as sustainable biofuels, solar
and wind energy are promising options to save
the on-grid energy consumed by BSs and reduce
the CO2 footprint. However, owing to the
dynamics of green energy generation and the
limited capacity of energy storage, green energy

http://committees.comsoc.org/mmc

may not guarantee sufficient power supplies for
BSs.
In this paper, the authors proposed to envision
future BSs to be powered by multiple types of
energy sources, e.g., the grid, solar energy, and
wind energy. In such cellular networks, BSs are
powered by green energy if they have enough
green energy stored in their batteries; otherwise,
the BSs switch to on-grid energy to serve mobile
users.
In order to reduce the on grid energy
consumption of cellular networks during the peak
traffic hours, the authors studied a green energy
optimization (GEO) problem to balance the
energy consumption among BSs. Since such
problem involves the optimization in two
dimensions: the time dimension and the spatial
dimension, this paper decompose the GEO
problem into two sub-problems: the multi-stage
energy allocation (MEA) problem and the multiBSs energy balancing (MEB) problem based on
the characteristics of the green energy generation
and the mobile traffic.
The MEA problem is to optimize the green
energy allocation at individual BSs to
accommodate the temporal dynamics of both the
green energy generation and the mobile traffic.
The authors proposed the MEA algorithm to
solve the MEA problem. Taking advantages of
the spatial diversity of the mobile traffic, the
MEB problem is to balance the green energy
consumption among BSs so as to reduce the ongrid energy consumption of the cellular network.
The authors have proposed the MEA algorithm,
the MEB algorithm and the EA algorithm to
solve these sub-problems, and then address the
GEO problem. In detail, the solution of the MEA
problem estimates the amount of green energy
allocated at individual BSs during each time slot.
Based on this solution, optimal cell size
adaptation is achieved by solving the MEB
problem. Given the cell sizes, individual BSs
apply the energy allocation (EA) algorithm to recalculate their green energy usage, and determine
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whether to consume on-grid energy at the current
time slot. Therefore, the GEO algorithm consists
of the MEA algorithm, the MEB algorithm, and
the EA algorithm. In addition to theoretical
analysis, extensive simulations have been carried
out to evaluate the proposed solution and showed
that the proposed work in this paper is able to
save a significant amount of on-grid energy.
Acknowledgement:
This paper is nominated by the MMTC
Multimedia Services and Applications over
Emerging Networks (MEN) Interest Group.

Transactions on Networking, ACM Wireless
Networks, IEEE Transactions on Vehicular
Technology and IEEE Journal on Selected Areas in
Communications. He received AT&T Labs Research
Excellence Award in 2013, Best Paper Award in 2007
from IEEE Global Communications Conference
(GLOBECOM’2007). He has been serving on the
technical or executive committee of many
internationally reputable conferences, such as IEEE
INFOCOM. He was the Finance Chair of IEEE
IWQoS’2009, and serves the Student Travel Grant
Chair of IEEE INFOCOM’2011.
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A Tree-Based Resource Management Architecture For Live Video Streaming Delivery
A short review for “A Novel Bandwidth Management System for Live video Streaming on a Public-Shared
Network”
Edited by Koichi Adachi
H.-Y. Chang, N.-F. Huang, Y.-W. Lin, and Y.-J. Tzang, “A Novel Bandwidth Management
System for Live Video Streaming on a Public-Shared Network”, IEEE Transactions on
Vehicular Technology, vol. 62, no. 8, pp. 3848-3862, Oct. 2013.
With the support of networking technologies such as
wired networks, WiFi, and 3G/4G, smart handheld
devices are able to support live video streaming more
effectively than ever, which results in an increase of
the popularity as a research topic.

Therefore, streaming is delivered to the AP from the
downlink, on which the AP uploads multiple copies
to other APs. Thus, a sharable AP acts as an amplifier
for the streaming video. Based on this concept of
bandwidth expansion, the source of the video
streaming system only requires a small amount of
bandwidth to deliver the video and numerous clients
are capable of receiving the video stream
simultaneously. Two optimized algorithms are
proposed to arrange the publicly shared bandwidth so
that all clients are served and minimum resources are
consumed. The PSnet system was implemented to
demonstrate the overall feasibility of the concept.

Traditional multimedia systems, which are based on
client-server architecture, cannot support the demands
from a rapidly increasing number of clients. Clients
impose a heavy burden on the bandwidth of the
source server, and Internet protocol (IP) multicast
[7]–[9] could be the most effective mean for resolving
this problem because it is specifically designed to
deliver content related to group-oriented applications
efficiently. Nevertheless, IP multicast has certain
limitations as indicated in [10]. Consequently,
previous researchers have developed P2P schemes on
application level overlay networks [11]-[16] for live
media streaming applications.
However, the frequent changes in the P2P network
topology make the live video streaming difficult.
Therefore, an appropriate and stable video delivery
platform for live video streaming in all types of
online multimedia devices is necessary.

The PSnet is composed of several parts; a streaming
source to provide video streaming, a server (PSnet-S)
to manage the entire system, the streaming delivery
architecture (PSnet-G) comprising several groups of
organized sharable APs (PSnet-Ns), the sharable AP
pool for backup (PSnet-P), and clients who wish to
receive the video stream. Based on requests from
clients, the PSnet-S constructs the PSnet-G by
organizing the sharable PSnet-Ns into groups. For
efficient management of the resource, the PSnet-Ns in
each group are organized as complete-binary-tree
structures. Because PSnet-N is essentially an AP and
usually remains online for a long time following
initialization and powering up, the tree structure is
usually stable. When a client requests video
streaming from PSnet-S, it delivers streaming to the
root node of the tree, where it is “duplicated”
(uploaded) to the child nodes of the root. Thus,
streaming is relayed to the internal nodes of the tree.
Finally, the stream is delivered to the leaf nodes,
which forward the stream to the clients. The degree to
which each node contributes to the stream (PSnet-N)
depends on the amount of sharable bandwidth of that
node and the rate of video streaming.

For more efficient use of Internet bandwidth, which
may be different among clients, scalable video coding
(SVC) [17] has been proposed. However, the heavy
computational
power
is
need
for
its
encoding/decoding and clients may not have an
ability to perform SVC. Instead the split-and-merge
(S-M) method, which is based on asynchronous
multisource streaming (AMSS) mode [18][19]
developed for P2P, is adopted to satisfy the various
bit rate requirements of clients in this study.
In this paper, a tree-based architecture for live video
streaming delivery is proposed, where the smart
handheld devices are leaves on delivery trees. A
resource management system that exploits the
sharable bandwidth of public-shared networks, such
as FON, is designed and implemented to construct an
efficient, robust, and high-availability video
streaming delivery system (referred to as PSnet). In
PSnet, the sharable bandwidth of an AP refers to the
sharable uplink bandwidth of wired bandwidth.

http://committees.comsoc.org/mmc

How to arrange the nodes or how to establish the
trees are among the most important issues in PSnet.
Two optimization problems were formulated in this
paper: Problem 1 finds a way to construct the tree(s)
such that all requests are satisfied with the minimum
number of constructed trees, and Problem 2 finds a
way to construct the tree(s) such that all requests are
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based vehicular networks,” IEEE Trans. Veh.
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[16] D. Pendarakis, S. Shi, D. Verma, and M.
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USITS, San Francisco, CA, USA, Mar. 2001, pp.
49–60.
[17] H. Schwarz, D. Marpe, and T. Wieg, “Overview
of the scalable video coding extension of the
H.264/AVC standard,” IEEE TCSVT, vol. 17, no.
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Workshop, Aug. 2005, pp. 116–120.
[19] S. Itaya, T. Enokido, and M. Takizawa, “A highperformance multimedia streaming model on
multi-source streaming approach in peer-to-peer
networks,” in Proc. IEEE AINA, Mar. 2005, pp.
27–32.
[20] Official
website.
[Online].
Available:
http://goalbit.sourceforge.net

satisfied with the minimum number of nodes used.
Two greedy algorithms were developed to solve the
above two optimization problems. The authors
showed the optimality of the developed algorithms
and their worst-case overhead. Additionally, a
resource management scheme was developed for
recycling and reusing resources to improve the
continuity of streaming experience and to reduce the
overall system load on the devices involved.
The experimental results were presented to
demonstrate the effectiveness of the proposed
algorithms. The obtained results have shown that the
proposed system is highly effective and appropriate
for delivering live streaming compared to the Goalbit
P2P live streaming system [20] in terms of video
delay, redundancy ratio, and start-up latency.
Furthermore, to enhance the system availability, a
handoff scheme was designed for PSnet system which
selects a new PSnet-N from PSnet-P for replacement
if a PSnet-N crashes due to power failure, network
failure, or even heavy wireless access. The results
have indicated that a higher bit rate produced a
shorter playout deadline, and vice versa.
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Investigating the Trade-off in Allocating Bits to Texture or Depth Information in Rateconstrained Multiview Video Coding
A short review for
“Joint Bit Allocation and Rate Control for Coding Multi-View Video Plus Depth Based 3D Video”
Edited by Carsten Griwodz
F. Shao, G. Jiang, W. Lin, M. Yu, and Q. Dai, “Joint Bit Allocation and Rate Control for
Coding Multi-View Video Plus Depth Based 3D Video”, IEEE Transaction on
Multimedia, vol. 15, no. 8, pp 1843-1854, Dec. 2013.
Multiview video with depth maps is a widely used
approach for the encoding, transport and presentation
of free viewpoint view. Based on several years of
coding research, it has also been the basis for
standardization in MPEG [1] and is implemented by
3D TVs. A challenge that has not attracted much
attention so far is the interactive use of multiviewplus-depth video. In this use case, sending rates are
restricted, and compression choices must be made in
real-time. The trade-off between depth information
and texture data has mostly been approached using
the rule-of-thumb that depth information is more
critical than texture information. This paper from
December 2013 investigates the question thoroughly.

and does not require the modification of standardized
decoders. The rate distortion-based metric has the
potential of executing real-time in an encoder, and is
thus applicable in multiview-plus-depth real-time
encoders.
The approach does not actually address the issue of
human subjective quality of the resulting virtual view
video, although this is implied in the text, but
optimizes for picture fidelity. This means that the
results of this paper may require a revision of the
optimization step (and the evaluation) if the chosen
metric is found to correlate badly with subjective
studies. Considering the state-of-the-art in objective
evaluation methods [3], the authors choose virtual
view reconstruction from the original source data as
reference for the reconstructed view. Their multiviewplus-depth stream that is compressed with a JMVC
encoder was modified according to their rate-control
method and rendered using VSRS [4] for comparison
with the reference.

The paper addresses the rate-control of multiviewplus-depth video that can be performed during the
compression step, and preferably in or close to realtime. The authors' goal is an increase in the quality of
the virtual views, where the coding rate is restricted,
and a choice between allocating bits either to
maintain depth information or texture information
must be made. At the same time, the authors aim at an
encoding system that has low enough complexity for
real-world use. They demonstrate both achievements
by experimental evaluation, leading to a well-rounded
study.

With this setup, they can demonstrate by example that
achieving the highest visual fidelity in reconstructed
views can require an increased allocation of bit-rate
share to the texture just as well as to the depth map.
The results of this paper are based on an objective
quality metric whose ability to reflect humans'
subjective rating is very low. It should not be used
carelessly, and it is most likely that the evaluation
metric used in the rate-distortion model will require
future revision. More about the deficiencies of current
objective metrics can be read, for example, in a paper
by Bosc et al. [5].

To start out, the paper has excellent state-of-the-art
overview. The state-of-the-art overview demonstrates
clearly the amount of effort that has recently gone
into solving the special role of the depth map. Errors
due to resolution, rounding or quantization can distort
the reconstructed spatial placement of texture pixels
and have adverse effects on reconstructed views. But
the research contribution of this paper is not the
introduction of new methods to reconstruct depth
more accurately. This paper uses the standardized
JMVC approach [2], but investigates the visual
accuracy of reconstructed virtual views when the
bandwidth tradeoff between depth plane and texture
planes is shifted in favor of the one of the other.

While this weakness of existing objective quality
models is problematic, it does not invalidate the
achievements of the authors. The method proposed by
the authors is an important improvement to the stateof-the-art in encoding multiview-plus-depth video,
one that increases the frame-by-frame picture fidelity
compared to earlier work. While it is possible that the
paper’s technique fails on optimizing subjective
quality (e.g., it does not preclude opposite bit

The most valuable contribution of this paper is that
this decision can be made solely at encoding time,
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allocation decisions in subsequent frames, potentially
leading to flicker or objective displacement over time
in the virtual view), this may just as well be a nonproblem because depth maps do not change intensely
without major changes in the texture planes.
Answering this question should be one of the most
important goals of future papers that aim at advancing
the authors’ work. At the current point in time, the
authors provide us with a major improvement of the
state-of-the-art and can easily be extended to take
such effect into account, certainly when a better
objective quality metric becomes available.
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Automatic Natural Language Descriptions of Images
A short review for “From large scale image categorization to entry-level categories”
Edited by Guillaume Lavoué
Vicente Ordonez, Jia Deng, Yejin Choi, Alexander Berg and Tamara Berg, "From large scale
image categorization to entry-level categories", in Proceedings of the IEEE International
Conference on Computer Vision (ICCV), pp. 2768-2775, 2013.
Object recognition in images, as well as image
classification have always interested researchers
in computer science and have been very active
since the very beginning of computer science.
Today’s techniques can afford complex
computations and begin to work quite efficiently;
they can classify images into predefined
categories and/or recognize objects with a very
good accuracy.
A very relevant application of these techniques is
the automatic text description of images (e.g. for
automatic indexing of personal or public /video
databases). However many different labels can
be associated to a given picture; e.g. a horse can
be classified into a horse, an equine, a placental
mammal, a mammal, and so on…depending on
the categories learned by the classification
system.
As raised by the authors, what really matters for
automatic picture description is the entry level
words [1], i.e. the words people use to describe
image content (e.g. “horse” in the example
above). This question is relevant with some
recent works which have tried to make
connections between computer vision outputs
and natural language descriptions of images [2,
3].
In this context, the authors propose a system that
(1) translates encyclopedic concepts to entrylevel concept and (2) predicts entry-level
concepts from Images. The proposed models are
learnt on several existing huge databases of
information as well as crowd-sourced
experiments.
First, the authors ran an experiment to gather
entry-level category labels directly from people.
They use Amazon Mechanical Turk to
crowdsource translations of images sampled
from ImageNet synsets into entry-level
categories.
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Then the authors propose a system able to learn
translations between encyclopedic concepts
(represented by ImageNet leaf categories, e.g.
Chlorophyllum molybdites) and entry-level
concepts (e.g. mushroom). For this task they
propose two methods: the first one is based on a
language-only translation using the n-gram
counts of the Google1T corpus [4] and the
second one considers visual information.
Finally, the authors propose a system that
predicts entry-level concepts directly from
images. They propose three approaches: the first
one is based on a variation on the hedging
approach from [5]. They train a SVM on sift
features for ImageNet leaf node categories and
propagate predictions for internal nodes of the
hierarchy. The most relevant internal nodes are
then selected as entry-level categories using ngram counts presented above. The second
method is based on supervised learning from
data where people have directly provided entry
level labels. For this task the authors consider the
1 million images dataset from [6] with associated
captions. Finally, the third method combines the
two previous approaches.
The authors evaluate both their translations and
image entry-level predictions approaches.
Translations approaches work well; for instance
“Gordon setter” is translated to “dog”, “cactus
wren” is translated to “bird”. Image entry-level
predictions are evaluated by studying how well
they can predict nouns freely associated with
images by users on Mechanical Turk. That’s a
pretty hard task. The hybrid method is the most
efficient and provides very interesting results.
In conclusion, the proposed methods work very
well and the raised topic is particularly relevant
with the proliferation of social image databases.
This approach should open the way to a whole
new research area.
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An Effective Shape Similarity Fusion Method Based on Local Data Distribution
A short review for “Shape similarity analysis by self-tuning locally constrained mixed-diffusion”
Edited by Jun Zhou
Lei Luo, Chunhua Shen, Chunyuan Zhang, and Anton van den Hengel, “Shape similarity analysis
by self-tuning locally constrained mixed-diffusion”, IEEE Transactions on Multimedia, Vol. 15,
No. 5, 2013.

Shape retrieval or matching has been an
important research topic in multimedia and
computer vision. Almost all retrieval methods
are based on pair-wise similarity measure.
During the past years, many effective measures
have been proposed, for example, shape contexts
[1], inner-distance shape contexts [2], clique
histogram [3], and tensor-based descriptor [4].
One of the research questions is how to combine
different shape measures so as to improve the
shape matching accuracy. An intuitive solution is
that if a shape sample has high ranking by all
measures, it should be retrieved. On the contrary,
if all measures give low ranking to a sample, it
should be excluded. However, the real practice is
not always so easy, as different measures behave
differently such that unanimous decision can
seldom be reached. Furthermore, noise or
outliers, which are difficult to be distinguished
from high ranking by only one measure, often
deteriorates the retrieval performance.
To address this problem, in this paper, Lei et al.
proposed a locally constrained mixed-diffusion
method, so that only the nearest neighbors given
by different measures contribute the to the
diffusion outcome. The resulting shape similarity
measure is further improved by a self-adaptive
neighborhoods strategy that automatically
determines the size of the neighborhood for each
sample. This method has generated exceptional
performance on the MPEG-7 shape dataset with
100% in the bulls eye test, which, according to
the authors, is the best result that has been
reported by the date of paper submission.
The technical value of this paper can be
summarized in two aspects. The first one is on
how to control the contribution of different
measures during the diffusion process. A simple
method is performing a linear combination of
multiple measures. However, the authors pointed
out that useful information may be submerged
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into the background during the diffusion process
if pairwise similarities between all samples are
used. On the other hand, if those low similarity
sample pairs are removed, the influence from
background can be reduced. Therefore, the
authors proposed locally constrained mixeddiffusion, such that only the k-nearest neighbors
(k-NN) of each sample are adopted in the
measurement.
The question is then how to determine the
appropriate sizes of neighborhoods. Manual
tuning is inconvenient, and often lead to one size
for each dataset. The ideal case is that the sizes
are adapted to each instance in a dataset. To
achieve this goal, the authors proposed to
combine dominant neighbourhood [5] with the εnearest-neighborhood (ε-NN), which is another
main contribution of this paper. Given a data
sample x, all other k-NN samples are weighted
by their distances to x. This forces the dominant
set to be the area surrounding x after an
optimization process, and guarantees the near
neighbors with large weights be selected by the
dominant set. The farthest neighbor of a sample
in the dominant neighborhood is then used as the
radius of ε-NN, which allows size of
neighbourhood be automatically determined.
This method was tested on several datasets,
including MPEG-7, Swedish Leaf, Nister and
Stewenius, and Caltech-101 datasets. The test
data various in shape, object categories, sizes and
views. The proposed method has shown clear
advantage over several state-of-the-art methods,
such as tensor product graph with dominant
neighbourhood [5], in terms of retrieval accuracy.
The authors also showed that the reported
method can be used for cluster analysis.
Probably the only disadvantage of this method is
the computational cost. Due to the multiplication
of affinity matrix in the diffusion step, and the
iterative optimization for obtaining the dominant
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set, the time complexity is in the order of O(n3t)
for the number of data points n and iteration
number t. However, this does not prevent the
adoption of this approach for large datasets,
because the diffusion process only needs to use
the top k-NN neighbors. Furthermore, similarity
fusion is a generic problem. Therefore, the
proposed method can be applied to other
retrieval/matching problems, but not limited to
shape application.

[5] X. Yang and L. Latecki, “Affinity learning
on a tensor product graph with applications
to shape and image retrieval”. Proceedings
of the IEEE Conference on Computer
Vision Pattern Recognition, pages 23692376, 2011.
[6] A. Kumar and H. Daumé, III, “A cotraining approach for multi-view spectral
clustering”. Proceedings of the International
Conference on Machine Learning, pages
393-400, 2011.
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Optimizing 3-D Watermarking for Minimal Surface Distortion
A short review for “Optimized 3D Watermarking for Minimal Surface Distortion”
Edited by Guillaume Lavoué and Adrian G. Bors
Adrian G. Bors and Ming Luo, "Optimized 3D Watermarking for Minimal Surface Distortion", in
IEEE Transactions on Image Processing, vol. 22, no. 5, pp. 1822-1835, May 2013.

We revisit this paper, reviewed in the December
issue, by incorporating the perspective of the
authors. There is a renewed interest in 3-D
watermarking due to the increase use of 3-D
printing technologies for manufacturing and
concern for the copyright for the 3-D models
being widely used. Digital watermarking has a
very challenging set of requirements requiring
non-visibility of shape changes, large message
length being embedded, robustness to a variety
of changes and attacks and a high level of
crypto-security [1]. The challenge is represented
by the fact that when trying to enforce any of
these requirements, it leads to worsening the
results for all the others.
3-D watermarking approaches can be classified
as being in the space or in the spectral domain.
For embedding the watermark message directly
in the shape's geometry the local moments [1], or
statistics of geodesic distances [2] have been
used. Other space-based watermarking methods
consider modifying the distance from vertices to
the object center [3], while in [4] the quadric
error metric with respect to the surface is also
minimized. The initial spectral approaches were
non-blind, requiring information about the
original 3-D shape for extracting the embedded
message code. Various types of harmonics have
been used for extracting the spectral domain
including the Laplace-Beltrami operator [5],
radial basis functions or the Dirichlet manifold
harmonics [6]. Surface changes caused by
watermarking are specifically masked in [7].
The paper discussed in this R-Letter describes a
non-blind approach to 3-D watermarking in the
spatial domain which specifically addresses the
key requirement of low visibility of the
watermark. The paper proposes an optimization
approach for 3-D watermarking, where the
optimizing function is provided by the surface
error distortion function.
The 3-D surface distortion function is based on
the sum of Euclidean distances from a displaced
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vertex (by watermark embedding) to the original
object surface, the watermarked surface as well
as its original location. This error measure
represents a generalization of surface distortions
used in [3] and [4]. A statistical approach is
employed for the 3-D watermarking. The
proposed methodology relies on applying
Levenberg-Marquardt [8,9] optimization in
spherical coordinates in order to minimize the
distortion of the object surface. The convergence
of the algorithm is very quick in just a few
iterations.
An additional contribution of this paper is that it
provides a crypto-security study according to the
Kerckhoffs’s principle, according to which the
watermark system is entirely known to a cryptoattacker aiming to break the watermark code.
The performance of the proposed approach is
evaluated on various 3-D objects such as those
commonly used in computer graphics, displaying
a variety of surfaces. Surface distortion is
measured using the Metro algorithm proposed in
[10]. An extensive study for the robustness to
additive noise, Laplacian smoothing, mesh
simplification, bit quantization, sampling and
remeshing the object surface, is performed. The
bit capacity embedding, the influence of various
parameters and receiver operating curve (ROC)
analysis, when considering noise and mesh
simplification, is provided as well for the
proposed method. The method is shown to
embed robustly watermark codes in 3-D surfaces
that can resist a large variety of attacks.
The proposed methodology can be adapted for
being used on other 3D object representations
such as voxel-based or on parametric models
after using quantization. The security of the
watermark can be improved if additional keygenerated parameters would be added, as
suggested in the paper. The proposed surface
optimisation methodology can be adapted to be
used with other surface distortion errors, such as
recent perceptual quality metrics [11], which
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were shown to be excellent predictors of the
human perception of shapes.
To conclude, this paper proposes a 3-D
watermarking method in the spatial domain
which is optimal with respect to a given surface
distortion
measure.
Levenberg-Marquardt
algorithm is used in spherical coordinates in
order to minimise the given surface distortion
measure. 3-D watermarking has many potential
applications, including for graphics animation
and for protecting CAD designs in the context of
3-D printing.
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