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Message from the Review Board Directors 
 
 
 
Welcome to the February 2015 issue of the Re-
view Letter (R-Letter) of the IEEE Communica-
tions Society Multimedia Communications 
Technical Committee (MMTC). This issue is 
brought to you by review board members who 
independently nominated research papers pub-
lished within IEEE MMTC sponsored publica-
tions and conferences. 

We hope that this issue stimulates your re-
search in the area of multimedia communica-
tion and an overview of all reviews are provided 
in the following: 

The first paper, published in the IEEE Transac-
tions on Multimedia and edited by Carl James 
Debono, adopts a semantic approach in order to 
perform classification of video events. 

The second paper, published in the Proceedings 
of the European Conference on Computer Vision 
and edited by Jun Zhou, describes a way towards 
better understanding of deep learning architec-
tures. 

The third paper is edited by Ramon Aparicio-
Pardo and Gwendal Simon and has been pub-
lished within the Proceedings of the 4th ACM 
Multimedia Systems Conference. It provides an 
answer to the question whether multipath can 
boost network performance of real-time media. 

The forth paper, published in the Proceedings 
of Network and Operating System Support on 
Digital Audio and Video Workshop (NOSSDAV 
'14) and edited by Benjamin Rainer and Chris-
tian Timmerer, highlights the understanding of 
interdependencies of MPEG-DASH clients and 
caches. 

The fifth paper, published in the Proceedings of 
the 2013 IEEE International Conference on 
Acoustics, Speech and Signal Processing 
(ICASSP) and edited by Bruno Macchiavello, 
provides an approach for improved view synthe-
sis in a 3D camera space. 

The sixth paper is edited by Pradeep K. Atrey 
and published in IEEE Transactions on Multi-
media. It describes a video-in-video advertising 
method called CAVVA which stands for Com-
putational Affective Video-in-Video Advertising. 

Finally, the seventh paper, published in Pro-
ceedings of Network and Operating System Sup-
port on Digital Audio and Video Workshop 
(NOSSDAV '14) and edited by Pavel Korshunov, 
provides a perceptual quality assessment of 
watching tiled video at mixed resolutions. 

We would like to thank all the authors, nomina-
tors, reviewers, editors, and others who contrib-
ute to the release of this issue. 
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Classification of Video Events using Semantics 
A short review for “Conceptlets: Selective Semantics for Classifying Video Events” 

(Edited by Carl James Debono) 
 

 
 

Video classification provides an important tool for the 
search and retrieval of multimedia content. With the 
increasing availability of multimedia content, more 
accurate classifiers are needed. Classification using 
semantic descriptors is one possible solution that al-
lows users to utilize more natural queries and, if accu-
rate enough, can lead to better search results. The 
generation of events, that provide the semantics used 
for classification, can be acquired through a learning 
process. To do this, the descriptors are compared to a 
known data set and, depending on some similarity 
score, a threshold is used to classify the content. Such 
comparisons can be very computationally intensive, 
given that a large descriptor set would be needed to 
cover the possible semantics that describe the content 
in random video samples. Thus, solutions that reduce 
computation complexity while providing good classi-
fication are necessary. 
 
Determining and classifying events in videos using 
intelligent algorithms has been the study of various 
researchers, such as [1] and [2]. Most classifiers in 
literature are developed for a particular application 
and demand models that accurately represent the 
events of interest. This implies that they cannot be 
used as a general tool for a broader class of events. 
Recent work shows that bag-of-words representations 
can be used for recognition [3]. Furthermore, a num-
ber of low-level features were used in [4] and [5] to 
study their performance in event classification. These 
indicate that more general descriptors that can recog-
nize events from any content can be developed. 
   
Concept detectors have been applied to video but 
most of the time these require a database against 
which the video is compared. Examples of these 
methods are found in [6] and [7]. Since each concept 
needs to be checked, this leads to high computational 
complexity and depend on the number of concept 
detectors. As the number of concept detectors in-
creases, it becomes very difficult to identify what 
concepts contribute most information for the classifi-
cation of the video. 
 
The authors of the original paper develop a solution 
that uses examples for a given event to learn what 

concepts provide the most information to include in 
the bank. They refer to this as conceptlet, as it results 
in a subset of the whole list of possible concepts. Im-
portance sampling simulation is applied to model the 
selection of the conceptlet out of the bank. The selec-
tion of the conceptlet is done through cross-entropy 
optimization. This results in a sub-optimal solution. 
 
The algorithm developed to implement the sample 
and search strategy for the conceptlet is an iterative 
process. Three steps are performed during each itera-
tion of the process. In the first instance, the concept 
subsets are sampled based on the parameters obtained 
in the preceding iteration. The second step uses a 
scoring function which is applied to the results of the 
first step. The values are then sorted according to 
their performance and the best one selected. The third 
step involves the updating of the parameter vector 
according to the cross-entropy distance.  
 
The authors test the algorithm on three different da-
tasets, namely; (a) the TRECVID 2010 multimedia 
event detection dataset [8], (b) the TRECVID 2012 
multimedia event detection dataset [8], and (c) the 
Columbia Consumer Video dataset [9]. In their exper-
iments, the authors report the results showing the in-
fluence of individual concepts on classification accu-
racy, assessment of the performance against the scal-
ing up of concepts within the bank, a comparison of 
the results of the conceptlets against using all concept 
detectors, and a comparison of the results obtained 
using the conceptlets with the cross-entropy algorithm 
with the conceptlets using the minimum redundancy 
maximum relevancy algorithm [10] or the L1-
regularized logistic regression algorithm [11]. The 
results reported on the first test verify that some indi-
vidual concepts are better in representing events than 
others. The second tests indicate that the accuracy of 
classification of events improves as more concepts 
are introduced in the bank. The third experiment 
showed that the conceptlets give better performance 
than the bank with all the concepts using much less 
semantic concepts. Finally, the last tests reported in-
dicate that the authors’ proposed solution provides 
better classification precision when compared to the 
minimum redundancy maximum relevancy algorithm 

M. Mazloom, E. Gavves, and C.G.M. Snoek, “Conceptlets: Selective Semantics for Classi-
fying Video Events,” IEEE Transactions on Multimedia, vol. 16, no. 8, pp. 2214-2228, 
December 2014. 
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and the L1-regularized logistic regression algorithm 
at the expense of more time complexity.  
 
The ability to automatically classify video events us-
ing semantics is beneficial for the development of 
better video search and retrieval tools. Further re-
search is needed in this area to improve the accuracy 
of the descriptor sets and develop better classifiers. 
Moreover, complexity needs to be reduced for im-
plementations on resource-limited devices and speed 
up the search time. Exploiting more parallel architec-
tures and use of cloud computing can potentially help 
in mitigating time complexities when dealing with all 
the possible combinations of descriptors and the ever 
increasing amount of video content on the Internet. 
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Towards Better Understanding of Deep Learning Architecture 
A short review for “Visualizing and Understanding Convolutional Networks” 

(Edited by Jun Zhou) 
 

 
 

 
Deep learning has become a phenomenon. Since the 
milestone paper of Geoff Hinton published in 2006 [1], 
many researchers have devoted to the advances of 
theory on this topic [2]. Up to date, deep learning 
techniques have demonstrated their success in many 
applications which proves their structural expressive 
power to a significant extent. For example, on the very 
challenging ImageNet classification task, deep learn-
ing based approaches have outperformed all known 
conventional image representation methods in terms 
of the recognition accuracy when large amount of 
training data are available [3]. 
 
Derived from artificial neural networks, the flourish of 
deep learning research is boosted by three reasons. 
First, the advances of novel training algorithms enable 
the efficient handling of complex multiple layers of 
non-linear processing units for the learning of repre-
sentation of data. Second, thanks to the development 
of Internet, large amount of labeled and unlabeled 
training data become available. Third, parallel compu-
tation hardware and software, especially the GPU sys-
tems, have greatly speeded up the training of very 
large models.  
 
Rather than using the manually designed features, 
deep learning methods automatically learn features 
from raw pixel values directly. In this way, both low-
level and high-level features can be extracted in dif-
ferent layers of the architecture. However, in many 
cases, the development of deep learning methods is 
often done empirically, without theoretical analysis on 
how they achieve good performance. One reason is 
that analysis tools to foster the understanding of inter-
nal behavior of learning models are still missing. 
 
The paper from Zeiler and Fergus aims to address this 
bottleneck by introducing a visualization technique 
that projects the feature activations back to the input 
pixel level. This enables the analysis of feature evolu-
tion during training process, identification of potential 
problems with the model, and further improvement of 
model architectures. 
 
The reported visualization technique is built on top of 
a standard deep convolutional neural networks model 

with eight layers [4]. The first five layers are convolu-
tional networks that contain rectified linear function, 
max pooling, and contrast normalization steps. The 
last three layers are fully connected, with the final 
decision layer being a softmax classifier. 
 
To help the understanding the feature activities in the 
intermediate layers, a deconvolutional network [5] is 
integrated into the forward network to map features 
back to pixels. Given an input image and features 
computed throughout the layers, deconvolutional pro-
cess involves a series of operations, e.g., unpooling, 
rectification, and filtering, to reconstruct the activity in 
the neighboring layers backwards, after setting all 
other activations in the layer to zero and using the 
feature maps as input to the corresponding deconvolu-
tional layer.  
 
Visualization is presented in two aspects, feature visu-
alization and feature evolution during training. The 
former shows how different structures excite feature 
maps, and the hierarchical nature of the features in the 
network. The latter discovers that strong activations 
are generated by change in images, and that the train-
ing of lower and upper layers converges in different 
speed. This influences the decision on when training 
shall stop. 
 
The utility of the method is demonstrated by several 
examples. These include architecture selection such as 
determination of layer size, and occlusion sensitivity, 
i.e., whether the model can identify objects. By apply-
ing these findings, authors show that they can signifi-
cantly improve the classification accuracy on several 
benchmark datasets including the ImageNet. 
 
In summary, this paper is interesting as it provides a 
practical analysis tool to help the understanding of 
internal behavior of deep learning networks. This will 
greatly benefit the research community and industries 
in developing more powerful image classification sys-
tems. 
 
References: 
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Can Multipath Boost the Network Performances of Real-time Media? 
A short review for “MPRTP: Multipath Considerations for Real-time Media” 

(Edited by Ramon Aparicio-Pardo and Gwendal Simon) 

 
 
There are multiple routes between two hosts in the 
current Internet. This statement tends to be even truer 
when considering the flattening Internet topology, 
where Internet Service Providers (ISPs) have multiple 
options to reach a distant host. It is also truer with the 
multiple network interfaces available in the modern 
mobile devices and the multiple wireless network 
accesses that co-exist in the urban environment. The 
question now is about the exploitation of these multi-
ple routes. The network protocols that are in used 
today stick to the traditional monopath paradigm. Yet, 
scientists have shown that leveraging multipath can 
bring many advantages, including better traffic load 
balancing, higher throughput and more robustness.  
 
This paper, which is already two years old, studies 
multipath opportunities for the specific case of con-
versational and interactive communication systems 
between mobile devices (e.g. Skype). These applica-
tions are especially challenging because the traffic 
between communicating hosts should meet tight real-
time bounds. The idea of this paper is to study wheth-
er the most widely used network protocol for the ap-
plications, namely Real Time Transport Protocol 
(RTP), can be turned into a multipath protocol. They 
thus propose a backwards-compatible extension to 
RTP called Multipath RTP (MPRTP). This paper de-
scribes the protocol, which has then been proposed as 
an IETF drafts [1,2]. 
 
In short, this paper presents the MPRTP extension 
and evaluates its performance in several scenarios. 
First, the authors comment the main challenges that 
an extension of RTP protocol must face in order to 
split a single RTP stream into multiples subflows. 
Second, the authors present the protocol details as 
well as the algorithms that are considered to solve 
these challenges. Third, simulations are conducted to 
evaluate the performance of the proposal. 
 
Authors point out that a MPRTP protocol should be 
able to adapt to bandwidth changes on the paths by 
redistributing the traffic load among them in a smooth 
way to avoid oscillations. This is especially important 
in the case of mobile communications where quick 
capacity changes are common. To guarantee fast ad-
aptation, the authors propose packet-scheduling 

mechanisms that do not abruptly reallocate traffic 
among congested and non-congested paths if a path 
becomes suddenly congested.  
 
Other important issue is the variation on packet inter-
arrival time (packet-skew) among the different paths.  
The fact of having multiple diverse paths make harder 
to estimate the right buffer size to prevent this issue. 
To overcome this problem the authors propose an 
adaptive playout buffer, which individually considers 
the path skew in each path. They also privilege the 
selection of paths with similar latencies. 
 
The choice of suitable transmission paths should con-
sider the path characteristics in terms of QoS metrics 
as losses, latency or capacity. The authors propose 
several extensions to the RTP protocol, including a 
new RTP reporting message (where the receiver pro-
vides QoS data per sub-flow) and a scheduling algo-
rithm (where the sender uses these reports to decide a 
traffic distribution among the available paths).  
 
All the aforementioned extensions are always de-
signed to be backwards compatibility, i.e. traditional 
RTP hosts can interoperate with hosts equipped with 
MPRTP extensions in single-path scenarios.  
 
An exhaustive battery of simulations is conducted to 
evaluate the MPRTP performance in a broad range of 
scenarios: (i) path properties (losses, delays, and ca-
pacities) vary along time; (ii) paths share a common 
bottleneck, and (iii) MPRTP is deployed over mobile 
terminals using WLAN and/or 3G paths. These eval-
uations show that (1) the dynamic MPRTP perfor-
mance is not far from the static performance for sin-
gle and multipath cases, (2) MPRTP successfully of-
floads traffic from congested paths to the other ones 
keeping some proportional fairness among them, and 
(3) on lossy links multipath is more robust and pro-
duces fewer losses with respect to single path. 
 
Overall, this paper addresses a significant problem 
(how to make a real-time UDP-based protocol multi-
path) with a comprehensive study. It is one of the first 
attempts to exploit multipath functionalities in the 
framework of multimedia communications, and espe-
cially with tight real time limitations. This paper thus 

Varun Singh, Saba Ahsan, and Jörg Ott, “MPRTP: Multipath Considerations for Real-
time Media”, in Proc. 4th ACM Multimedia Systems Conference (MMSys '13), Oslo, 
Norway, Feb. 2013 
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perfectly completes the works that have been done by 
the network community on multipath TCP protocols. 
That being said, many problems related to multipath 
multimedia protocols are still open. Among others, let 
us cite rate-adaptive streaming and multi-view video 
in the context of multipath. 
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MPEG-DASH and Caches: Understanding the interdependency of 
MPEG-DASH clients and Caches 

A short review for “Caching in HTTP Adaptive Streaming: Friend or Foe?” 
(Edited by Benjamin Rainer and Christian Timmerer) 

 
 

 
MPEG Dynamic Adaptive Streaming over HTTP 
(DASH) is an emerging standard for over-the-top 
streaming using HTTP [1]. In the last few years this 
standard has gained more and more popularity be-
cause it standardizes only the manifest – referred to as 
Media Presentation Description (MPD) – that de-
scribes the different available representations of mul-
timedia content. All the other components are left 
open and are subject to research or industry competi-
tion. For example, the adaptation logic is not stand-
ardized. This component is responsible for selecting 
an appropriate representation of the multimedia con-
tent according to the MPD. MPEG-DASH further 
foresees that the multimedia content is present in 
time-bounded chunks (e.g., 2 seconds, 4 seconds, 6 
seconds, etc.) called segments [2]. 
 
The authors investigate the oscillation of the multi-
media representation that can occur if a cache (e.g., 
proxy with cache) is between the client and the con-
tent provider when using a rate-based adaptation logic. 
Suppose that a cache is between a client and the con-
tent provider. The problem occurs if the available 
bandwidth between the client and the cache is greater 
than between the cache and the content provider, and 
if the current representation is available in the cache 
but the other representations are not cached. Then, it 
may occur that the adaptation logic switches to anoth-
er representation, due to the high bandwidth available. 
The newly selected representation requires more 
bandwidth than the previous once. Since, the cache is 
not holding any segments of this representation, the 
next segment has to be fetched from the content pro-
vider. The client measures the bandwidth again dur-
ing downloading the next segment and the adaptation 
logic detects the lower available bandwidth and 
switches back to its initial representation. Neverthe-
less, this representation can be fed from the cache and 
the game starts over. The selected representation be-
gins to oscillate from segment to segment. This prob-
lem has been earlier investigated by [3]. 
 
The authors propose a new video-aware cache called 
Video Shaping Intelligent Cache (ViSIC). The idea of 
the proposed approach is to shape the traffic such that 

it does not exceed the path bandwidth. This shall en-
sure that oscillations, as described before, are mini-
mized. The authors introduce an algorithm that 
measures the bandwidth of the client and the band-
width between the cache and the corresponding con-
tent provider. The cache shapes the request for the 
segments by selecting another representation. 
 
The authors further evaluate their approach against a 
simple cache and a scenario without a cache. The 
results are analyzed with respect to the requested rep-
resentation in terms of bitrate, switching stability (i.e., 
the ratio between consecutive representation switches 
and the number of segments), and the buffer fullness. 
The results clearly show that the ViSIC provides the 
best performance for the selected metrics. In particu-
lar, ViSIC is able to mitigate the oscillation effect.  
 
Nevertheless, the evaluation presented in this paper 
uses only a single client and only one cache between 
the client and the content provider. In the open Inter-
net there are several clients that may hit the same 
caches and there are several caches within the path 
from a client to the content provider. In [3] at least 
two clients were used but this is still not enough to 
fully understand the occurring interdependencies. 
Therefore, in [4] a completely different approach is 
presented that tries to mitigate the oscillation effect 
by deriving the representation from the variation of 
the playback buffer. 
 
In general, however, there is the need for a test-bed 
that reflects the reality to a certain extent. Although 
there exists a dataset for MPEG-DASH content [5], 
there is currently a lack of a dataset that comprises 
statistics about DASH traffic on caches, clients, and 
origin servers. Such a dataset would allow simula-
tions with realistic data and may provide new insights 
on the interdependencies of many DASH clients and 
caches. 
 
The research on the interdependencies of DASH cli-
ents and caches is not only important in IP based net-
works. Information Centric Networking (ICN) has 
been proposed as one possible architecture of the fu-
ture Internet [6]. The architecture of ICN foresees that 

Danny H. Lee, Constantine Dovrolis, and Ali C. Begen, „Caching in HTTP Adaptive Streaming: 
Friend or Foe?“, In Proceedings of Network and Operating System Support on Digital Audio and 
Video Workshop (NOSSDAV '14), ACM, New York, NY, USA, pp. 31-36.  
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each node inherently comprises a cache. Therefore, 
MPEG-DASH faces the same problems in ICN as in 
IP based networks which is subject to current and 
future research. 
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Improved View Synthesis in a 3-D Camera Space   
A short review for “Expansion hole filling in depth-image-based rendering using graph-based interpolation” 

(Edited by Bruno Macchiavello) 
 

 
 
The goal of free viewpoint navigation is to allow the 
receiver, of a video communication, to freely choose 
any view from which to observe a three-dimensional (3-
D) scene [1]. Therefore, in a free viewpoint system the 
ability to create different virtual views is necessary. 
With the advent of depth sensors, it is common to rep-
resent visual data of a 3-D scene in a texture-plus-depth 
format  [2]. The depth maps are the per-pixel distance 
between the captured objects and the capturing sensor. 
The texture-plus-depth format allows depth-image-
based rendering (DIBR) techniques, such as 3-D warp-
ing [3]. DIBR is a pixel-to-pixel mapping from a refer-
ence view to the desired virtual view. In DIBR, the syn-
thesized location of a pixel is derived from the corre-
sponding depth pixel in the reference view. However, 
certain locations are not visible at the reference view, 
which leads to disocclusions. Therefore, DIBR is used 
jointly with image inpainting algorithms in order to fill 
the holes created by disoccusions.  
 
In immersive applications, such as video conference, a 
viewer in a certain position observes a real-time synthe-
sized image on a 2-D display, whose rendering perspec-
tive is adaptively changed in response of the up-to-date 
tracked head position of the viewer.  The resulting mo-
tion parallax effect can enhance the viewer's depth per-
ception in the 3-D scene [4]. Besides left-right head 
movement (x-dimensional motion) there is also front-
back motion (head movement along the z-dimension). 
Motion along the z-dimension can significantly change 
how the objects in the scene are viewed.  When the vir-
tual viewpoint is located much closer to the 3-D scene 
than the reference view, objects will increase in size. A 
large increase in object size means that a patch of pixels 
sampled from an object surface in the reference view 
will be scattered to a larger spatial area, resulting in 
expansion holes. 
 
Several previous works focus on inpainting algorithms 
for disocclusions holes during DIBR rendering [5, 6].  
This work is different from previous approaches, since 
the authors addressed the problem of expansion holes.  
 
First, a method to determine if the hole is an expansion 
or dissoclusion hole is presented.  To achieve such clas-

sification, the virtual view is divided into non-
overlapping square blocks. Each block is decomposed 
into depth layers, and the pixels in each layer are pro-
cessed separately.  In order to identify to which depth 
layer each pixel belongs, a histogram of depth values is 
constructed for the current block.  Then, the local min-
ima in the histogram are used as layer-dividing bounda-
ries.  When processing a certain layer, all synthesized 
pixels of higher layers are treated as empty (holes); this 
allows erasing a synthesized background pixel from an 
expansion hole of the foreground object. For each emp-
ty pixel, the four closest synthesized neighbors are se-
lected, given that each neighbor should be in a different 
quadrant. These neighbors are mapped back to the ref-
erence view, and the pair-wise distance between them is 
computed. If two or more neighboring pairs are consid-
ered to be very close (the distance between them is be-
low certain threshold), then the empty pixel is consid-
ered to belong to an expansion hole.  
 
The intuition behind this method is that if the empty 
pixel's closest neighbors in the virtual view are nearby 
pixel in the reference view, then the empty pixel is very 
likely to be inside the convex set spanned by those 
neighbors in the reference view. 
 
Once, the expansion holes are identified, two interpola-
tion methods for image inpainting are presented. The 
first one is a simple linear interpolation. The three near-
est non-empty pixels are used to construct a plane, then 
the empty pixel is interpolated using the constructed 
plane and its own pixel coordinates.  The second, and 
more complex, method uses Graph-based interpolation. 
A graph is created for each block, where pixels in the 
block are nodes in the graph. The weight of edges in the 
graph can be computed in two different manners: (i) it 
is set to be inverse proportional to the difference in tex-
ture value of the connected pixels, if the pixels are both 
synthesized pixel, or (ii) it is set to be inverse propor-
tional to the coordinate distance, if at least one of the 
pixels is empty. From this graph a set of basis vectors is 
obtained. In order to do so, a graph Laplacian is defined 
as the difference between the Adjacency and Degree 
matrix of the constructed graph. Then, eigen-
decomposition is performed on the graph Laplacian in 

Yu Mao; Cheung, G.; Ortega, A.; Yusheng Ji, "Expansion hole filling in depth-image-
based rendering using graph-based interpolation," Acoustics, Speech and Signal Pro-
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31 May 2013.  



 
IEEE COMSOC MMTC R-Letter 

 

order to obtain the eigen-vectors, which are used as 
basis vectors. If a signal is projected onto these basis 
vectors, it becomes the spectral decomposition of the 
signal given the constructed graph.  
 
Finally, the authors propose a Linear Programming 
formulation [7] in order to interpolated the empty pix-
els, such that the difference with the original signal at 
the synthesized pixel locations is minimized, given the 
basis vectors. Such formulation can be solved using any 
one of a set of known Linear Programming algorithms 
[8] 
 
Experimental results show a significant improvement of 
up to 3.76dB for Linear Interpolation and 4.25dB for 
Graph-based interpolation over the inpainting algorithm 
employed in the reference software VSRS v. 3.5.  It is 
important to mention that in the experiments the authors 
used only a single pair of texture and depth maps, 
which is not the situation for which the VSRS software 
was created. Moreover, the authors modified two sets in 
the Middlebury database to simulate a significant mo-
tion along the z-dimension. No real motion was tested. 
Nevertheless, these results are promising and can help 
to improve view synthesis in a 3-D camera space.  
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CAVVA: A Video-in-video Advertising Method 
A short review for “CAVVA: Computational Affective Video-in-Video Advertising” 

(Edited by Pradeep K. Atrey) 
 

 
 

Online video collections such as YouTube have been 
growing rapidly in the public domain. The ever-
increasing user base for such platforms has turned them 
into lucrative markets for advertising various kinds of 
products/services and brought tremendous interest in 
online computational advertising. Computational adver-
tising has brought forth problems for which solutions 
draw from diverse domains of varied fields like econom-
ics, machine learning, optimization and statistics. Compu-
tational advertising in online videos also draws from gen-
eral online advertising in search engines, where context 
sensitive text is presented to users as they search for que-
ries and surf the web. These methods evolved from con-
tent-agnostic random advertisement placement to placing 
relevant advertisements based on keywords in the web 
page (contextual advertising). Such changes can be seen 
in advertisements placed in online videos as well. 
YouTube initially had advertisements which were placed 
only at the beginning or at the end of the video called the 
pre-roll and post-roll advertisements respectively. Now, 
we see a lot of advertisements which are inserted during 
the play time of the video. Though context has been usu-
ally discussed in relation to visual content and semantics, 
successful computational advertising requires that we also 
understand and model emotion driven (affective) aspects 
of consumer behavior. 

In this paper, the authors have proposed a in-stream video 
advertising strategy, CAVVA (Computational affective 
video-in-video advertising). The authors have looked at 
computational advertising in a more holistic perspective 
that the video-in-video advertisements should be harmo-
nious with not only the content of the video, but also the 
subjective experience of the viewer. In particular, their 
approach is to actively put humans in the loop along con-
tent analysis by measuring viewers’ emotional state 
through pupillary dilation responses. 
 
Context based advertising has been explored earlier for 
video-in-video advertising in VideoSense [1], where 
advertisements were placed at algorithmically chosen 
points in the video based on the global relevance of the 
video and the advertisement, as well as local relevance 
defined as similarity between video content and the ad-
vertisement. In CAVVA, the authors presented a holistic 
angle to video-in-video advertising and extend the notion 

of context to model the affective states of human view-
ers. The basis of their method stems from the motivation 
that humans are emotional creatures and consumer deci-
sion making processes involve emotional aspects in addi-
tion to rational thought. The ideas presented in the paper 
are also well supported in consumer psychology [2]. 
CAVVA addresses the seemingly conflicting objectives 
of minimal disturbance to the user caused by advertise-
ment insertion and maximal engagement with the con-
tent.  

Affective content can evoke specific emotions in viewers 
and emotion has been modeled often using the circum-
plex model [3] of affect which is an emotion space where 
affect is measured in two dimensions, first being arousal 
and refers to the intensity of the emotion, and the second 
being valence, referring to the type of emotion. The au-
thors model affective states of viewers using the follow-
ing rules: 
• In low arousal, low valence (unpleasant) program 

context, viewers treat the subsequent advertisements 
as pleasant, opposite to their evaluation of the pro-
gram [4]. 

• In high arousal, high valence (pleasant) program 
context, viewers treat the subsequent advertisements 
as pleasant, similar to their evaluation of the pro-
gram [4]. 

• A positive commercial viewed in the context of a 
positive program is treated as pleasant, when com-
pared to the same commercial viewed in a negative 
program context [5]. 

• Human beings try to overcome their negative mood 
and they try to maintain their positive mood. 

These rules are realized as a non-linear objective function 
which can be optimized in order to identify the adver-
tisement insertion points and to simultaneously select 
appropriate advertisements. The input to CAVVA is a 
video and the target set of video advertisements, the out-
put being a video which has advertisements placed at 
points in the video, which are selected by optimizing the 
objective function. The key steps that bring about this 
transformation in CAVVA are: 
• Performing scene segmentation of the video as each 

scene change point is considered as a potential adver-
tisement insertion point in our method. 

Karthik Yadati, Harish Katti, Mohan Kankanhalli, " CAVVA: Computational Affective 
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• Employing the circumplex model of affect and using 
the method proposed in [3] we compute the arousal 
and valence scores for each scene, similar scores are 
computed for the advertisements as well. 

• The arousal and valence scores computed in the pre-
vious step are provided as input to the optimization 
framework that identifies the appropriate advertise-
ment insertion points and select the corresponding 
advertisements. 

The authors have evaluated their method on videos and 
advertisements collected from YouTube. They considered 
two baseline methods viz; pre-roll/post-roll advertising 
and VideoSense [1] and also performed subjective evalu-
ation to test the ecological validity of CAVVA, where 
they asked the users to rate their viewing experience in 
terms of the disturbance caused because of the advertise-
ment insertion. CAVVA performed favorably in compari-
son to state-of-art in terms of user disturbance and user 
engagement with the content. In terms of recall, perfor-
mance of the proposed method is at par with VideoSense 
[1].  

A possible future direction for CAVVA would be to in-
corporate the combination of affect and contextual rele-
vance to improve the user's experience as well as maxim-
ize the reach of advertising. Additionally, social activity 
surrounding the video such as user comments and tweets 
can help gauge the user's emotional state and in-turn pro-
vide appropriate advertising to the user.  

In summary, the proposed method explores the viewer’s 
emotional in computational video advertising and per-
forms on par or better than the existing video-in-video 
advertising strategies. 
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Watching tiled video at mixed resolutions  
A review for “Mixing Tile Resolutions in Tiled Video: A Perceptual Quality Assessment” 

(Edited by Pavel Korshunov) 

 
 

High definition (HD) TV, currently adopted standard 
of consumer video, is being replaced by ultra high 
definition (UHD) TV reaching 4K and 8K resolutions, 
which offer higher immersiveness and higher quality 
of experience. Typically, such high quality video is 
consumed on a large TV or a monitor. However, a 
growing amount of video content is consumed using 
mobile devices with screens constrained in size and 
resolution, limited network bandwidth, and low com-
putation power to stream higher definition video. 
Therefore, it is challenging to provide for mobile us-
ers a quality of experience that is available for TV 
viewers. 
 
To increase the quality of experience of mobile video 
consumers, a zoomable video streaming was pro-
posed [2–5] that allows viewers to zoom into the vid-
eo and view selected regions in finer details and at 
higher resolutions. To achieve that, video frames can 
be split into several fixed size tiles of different resolu-
tions, which are independently pre-encoded on the 
server as a set of different smaller video-tiles. By 
streaming different combinations of these video-tiles 
the server can allow a user to have a seamless access 
to different regions of the original video and at differ-
ent resolutions. 
 
This paper considers the scenario when a live event is 
broadcasted to multiple users using a tiled based vid-
eo of multiple resolutions. To allow different users 
zoom into different regions of interests of the same 
live video stream, the authors propose to use the same 
number of tiles for each resolution of the video. It 
means that an original video is encoded at the server 
side into versions with different resolutions, and all 
these versions are split in the same number of tiles. 
The same amount of tiles is required at the client side 
to decode each video frame. Within a frame, however, 
different tiles could come from different resolution 
streams. If a tile comes from a stream with resolution 
lower or higher than requested level, it will be scaled 
up or down accordingly. In a zoomable video, when a 
user zooms into a region of interest within the video, 
the server will first determine the tiles that cover this 
region, and then associate each tile with an appropri-

ate stream version, depending on their popularity and 
the resource constraints. 
 
The proposed mixed resolutions tiling scheme has the 
following two essential advantages in tiled video 
streaming. First, adjusting a tile by scaling it up or 
down to fit the resolution of a user allows reducing 
the overall size of video streamed from the server to 
the users. Next, by intelligently allocating resolution 
version to each tile, video bandwidth can be reduced 
without loss in perceived video quality. For instance, 
tiles requested by many users can come from high- 
resolution streams, while tiles requested by only a 
few users can come from low-resolution streams to 
save the overall bandwidth. 
  
The authors then investigated what is the resolution 
limit to which a tile can be degraded without a signif-
icant loss in visual quality. To that end, the authors 
conducted a subjective assessment with 50 subjects 
by using an online-based system. They used three 
video sequences in original HD resolution 
(1920×1080 MPEG sequences ‘crowd run’, ‘old town 
cross’, and ‘rush hour’), which they compared to the 
versions consisting of combinations of tiles chosen 
from the set of five different resolutions, with the 
lowest being three times less than HD (640×360). The 
degraded versions were constructed by mixing two 
resolution levels (half tiles of each). To evaluate the 
impact of tile size, two ways of tiles splitting was 
considered, in 16×9 tiles and in 80×45 tiles. The sub-
jective study focused on identifying two perceptual 
thresholds of video quality difference: Just Noticeable 
Difference (JND) and Just Unacceptable Difference 
(JUD) [1] were also computed.  
 
The subjective results demonstrated the feasibility of 
mixing tiles of different resolutions in the same video, 
with 80% of subjects not noticing the difference even 
if the resolution of tiles is decreased by 17% (14–20% 
in bandwidth reduction) and 85% accepting the de-
crease in tile-resolution by 33% (25–30% in band-
width reduction), even though, this decrease was no-
ticed by about half of the subjects. The results showed 
(expectedly) that mixed resolution tiling scheme is 
content dependent and is more suitable for video with 
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lower motion. Using smaller tiles also showed to be 
less noticeable but also less efficient in terms of 
bandwidth savings and encoding quality compared to 
when larger tiles are used.  
In summary, the paper provides an interesting insight 
into the perception of video that is constructed out of 
tiles of different resolutions. Besides zoomable video 
applications for mobile devices, this study can also be 
considered in a more general streaming context, 
showing that a tiled scheme can be effectively used in 
adaptive streaming techniques, such as DASH. The 
paper shows that a simple division of a video in tiles 
encoded at different qualities can be very effective in 
adaptive streaming, since it can significantly reduce 
the overall bandwidth with little loss in perceived 
visual quality.  
 
References:  
 
[1]  D Varuna SX De Silva, Warnakulasuriya Anil 

Chandana Fernando, Gokce Nur, Erhan Ek-
mekcioglu, and Stewart T Worrall. 3d video as-
sessment with just noticeable difference in depth 
evaluation. In Image Processing (ICIP), 2010 
17th IEEE International Conference on, pages 
4013–4016. IEEE, 2010.  

[2]   Wu-chi Feng, Thanh Dang, John Kassebaum, 
and Tim Bauman. Supporting region-of-interest 
cropping through constrained compression. ACM 
Transactions on Multimedia Computing, Com-
munications, and Applications (TOMCCAP), 
7(3):17, 2011.  

[3]   Aditya Mavlankar, Pierpaolo Baccichet, David 
Varodayan, and Bernd Girod. Optimal slice size 

for streaming regions of high resolution video 
with virtual pan/tilt/zoom functionality. In EU-
SIPCO, 2007. 

[4]  Aditya Mavlankar, David Varodayan, and Bernd 
Girod. Region-of-interest prediction for interac-
tively streaming regions of high resolution video. 
In Packet Video. IEEE, 2007. 

[5]  Ngo Quang Minh Khiem, Guntur Ravindra, Axel 
Carlier, and Wei Tsang Ooi. Supporting 
zoomable video streams with dynamic region-of-
interest cropping. In ACM Multimedia systems 
Conference, 2010. 

[6]  Ray van Brandenburg, Omar Niamut, Martin 
Prins, and Hans Stokking. Spatial segmentation 
for immersive media delivery. In ICIN. IEEE, 
2011. 

 
Pavel Korshunov is a postdoctor-
al researcher in Multimedia Signal 
Processing Group at EPFL. He 
received his Ph.D. in Computer 
Science from National University 
of Singapore (NUS). He is a recip-
ient of ACM TOMCCAP Nicolas 
D. Georganas Best Paper Award in 

2011, two top 10% best paper awards in MMSP 2014, 
and top 10% best paper award in ICIP 2014, he is a 
co-editor of the new JPEG XT standard for HDR im-
ages, and has over 50 publications. His research inter-
ests include computer vision and video analysis, vid-
eo streaming, video and image quality assessment, 
crowdsourcing, high dynamic range imaging, ultra-
high definition imaging, focus of attention, and priva-
cy issues in video surveillance systems. 

 
 



 
IEEE COMSOC MMTC R-Letter 

 

 

Paper Nomination Policy 
 

Following the direction of MMTC, the R-Letter 
platform aims at providing research exchange, 
which includes examining systems, applications, 
services and techniques where multiple media 
are used to deliver results. Multimedia includes, 
but is not restricted to, voice, video, image, mu-
sic, data and executable code. The scope covers 
not only the underlying networking systems, but 
also visual, gesture, signal and other aspects of 
communication. 

Any HIGH QUALITY paper published in Com-
munications Society journals/magazine, MMTC 
sponsored conferences, IEEE proceedings, or 
other distinguished journals/conferences within 
the last two years is eligible for nomination.  

Nomination Procedure 
Paper nominations have to be emailed to R-
Letter Editorial Board Directors: 
 
Christian Timmerer (christian.timmerer@aau.at), 
Weiyi Zhang (wzhang@ieee.org), and Yan 
Zhang (yanzhang@simula.no). 
 
The nomination should include the complete 
reference of the paper, author information, a 
brief supporting statement (maximum one page) 

highlighting the contribution, the nominator in-
formation, and an electronic copy of the paper, 
when possible. 

Review Process 
Members of the IEEE MMTC Review Board will 
review each nominated paper. In order to avoid po-
tential conflict of interest, guest editors external to 
the Board will review nominated papers co-authored 
by a Review Board member. The reviewers’ names 
will be kept confidential. If two reviewers agree that 
the paper is of R-letter quality, a board editor will be 
assigned to complete the review letter (partially 
based on the nomination supporting document) for 
publication. The review result will be final (no mul-
tiple nomination of the same paper). Nominators 
external to the board will be acknowledged in the 
review letter.  

R-Letter Best Paper Award 
Accepted papers in the R-Letter are eligible for 
the Best Paper Award competition if they meet 
the election criteria (set by the MMTC Award 
Board). 
 
For more details, please refer to 
http://committees.comsoc.org/mmc/rletters.asp
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