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Message from the Review Board Directors

Welcome to the April 2021 issue of the IEEE
ComSoc MMTC Communications — Review.

This issue comprises five reviews that cover
multiple facets of multimedia communication
research including Image-to-image translation,
video caching, wireless caching system,
connected, cooperative and automated industrial
system, and mulsemedia streaming. These reviews
are briefly introduced below.

The first paper, published in IEEE Transactions on
Multimedia and edited by Dr. Guitao Cao,
proposes a spatial attention GAN model, which
computes the spatial attention in discriminator and
use it to help the generative network attend to the
discriminative regions and produce more realistic
images.

The second paper is published in IEEE
Transactions on Wireless Communications and
edited by Dr. Shengjie Xu. It designs a double
auction-based caching mechanism to ensure the
efficient operation of the market by maximizing
the social welfare.

The third paper, published in IEEE Transactions on
Communications and edited by Dr. Cong Shen,
proposes a novel caching and delivery coding
scheme for caching systems where there’s a
restriction on the demand of users.

The fourth paper, published in IEEE
Communications Magazine and edited by Dr.
Mohammad H Hasan, explores emerging
opportunities of federated learning for the next-
generation networked industrial systems.
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The fifth paper, published in IEEE Transactions on
Multimedia and edited by Dr. Lucile Sassatelli,
builds a mulsemedia testbed made of a
programmable fan and sent diffuser, a haptic
mouse and a computer where the students watched
the educational STEM video.

All the authors, reviewers, editors, and others who
contribute to the release of this issue deserve
appreciation with thanks.
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Directors
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SPA-GAN: Spatial Attention GAN for Image-to-Image Translation

A short review for “SPA-GAN: Spatial Attention GAN for Image-to-Image Translation”
Edited by Guitao Cao

H. Emami, M. M. Aliabadi, M. Dong and R. B. Chinnam, "SPA-GAN: Spatial Attention GAN for
Image-to-Image Translation," in IEEE Transactions on Multimedia, vol. 23, pp. 391-401, 2021.

Image-to-image translation is to learn a mapping
between images from a source domain and images
from a target domain. As we can imagine, an
excellent image-to-image translation system could
have an almost unlimited number of applications,
including image colorization, generating semantic
labels from images [1], image super resolution [2],
[3], and domain adaptation [4].

Image-to-image translation aims to learn the
mappings between different image domains. How
to represent these mappings to generate the
desirable results is explicitly related to the
generative models, which can model the
distribution of the target domain by producing
convincing “fake” data, namely, the translated
images. In general, an image-to-image translation
method needs intrinsic source content preserved
and the extrinsic target style transferred. Therefore,
it is important to identify the regions of interest.
Once the discriminative regions are confused with
the noisy regions, it will lead to image distortion
or a substantial visual gap. In an unsupervised
setting with a large but unpaired number of images
between two domains, one must leverage
additional information to force the model to focus
on the regions of the image that are subject to
transfer.

This paper introduces a novel attention mechanism
for image-to-image transformations of GANS,
called spatial attention GAN (SPA-GAN), which
computes attention weights using spatial
information of channel dimensions in the
discriminator layer. An additional feature map loss
contains generator and decoder feature map loss,
calculated by the L; norm. In this way, the
weighted feature maps are fed into the generator
network, allowing the generator network to
perform better at transferring extrinsic target
styles and maintaining domain-specific features.
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And SPA-GAN, different from previous methods
which require additional attention networks or
supervision (e.g., segmentation labels) during
training, is a lightweight model with a low
computational burden on the GPU.

In this paper, the authors’ major contribution is to
propose a spatial attention GAN model, which
computes the spatial attention in discriminator and
use it to help the generative network attend to the
discriminative regions and produce more realistic
images. Inspired by the CycleGAN [5] network
structure, SPA-GAN outputs the attention graph
from the discriminator and inputs it into the
generator. Based on the proposed attention
mechanism, SPA-GAN modifies the cycle
consistency loss to help the generator focus on the
most discriminative regions under a stronger
cycle-consistency constraint, and adds the feature
map loss to penalize the differences between
feature maps to preserve more low-level features.

SPA-GAN introduces the attention mechanism
directly to the GAN [6] architecture and propose a
novel spatial feature map loss for image-to-image
translation. In SPA-GAN, the discriminator
network classifies the input images into real or
fake, while outputs the attention maps defined as
the spatial maps [7]. In unsupervised setting, SPA-
GAN proposes an additional feature map loss to
preserve domain specific features during
translation. In SPA-GAN’s generative network,
authors constrain the feature maps obtained in the
first layer of the decoder [8] to be matched with
the identified regions of interest from both real and
generated images so that the generated images are
more realistic.

Extensive experiments demonstrate the improved
performance of the proposed spatial attention
GAN (SPA-GAN). The results show that this
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model significantly outperforms other state-of-
the-art image-to-image translation methods on
various benchmark datasets, while requiring a
small overhead in terms of additional parameters.
In summary, the proposed spatial attention GAN
(SPA-GAN) for image-to-image translation is in
unsupervised settings. In this work, SPA-GAN,
which is based on the CycleGAN network
structure, outputs the attention map from the
discriminator and inputs it into the generator to
assist the generator in focusing on more
discriminated regions in the image. SPA-GAN
modifies the cyclic consistency loss with
additional feature map loss (with the first layer of
decoder output operation), which has the lowest
KID and the highest classification accuracy. SPA-
GAN is a lightweight model and achieves superior
performance over current state-of-the-arts both
qualitatively and quantitatively.
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An Auction Mechanism for Video Caching in Heterogeneous Networks

A short review for “Double Auction Mechanism Design for Video Caching in Heterogeneous Ultra-Dense

Networks”

Edited by Shengjie Xu

J. Du, C. Jiang, E. Gelenbe, H. Zhang, Y. Ren and T. Q. S. Quek, "Double Auction Mechanism
Design for Video Caching in Heterogeneous Ultra-Dense Networks," in IEEE Transactions on
Wireless Communications, vol. 18, no. 3, pp. 1669-1683, March 2019.

Mobile data traffic is experiencing a dramatic
increasing over cellular networks. There is
evidence that content distribution services, such as
video on demand, catch-up TV, internet video
streaming, etc., have become premier drivers of
the exponential traffic growth [1]. A relatively
small number of popular video files provided by a
certain part of video service providers account for
the most of data traffic, and are requested
frequently by mobile users (MUs). To deal with
this fact of highly redundant video demands from
MUs, caching techniques, e.g., storing video files
in MUs’ devices or potential helper nodes
disseminated in the network, have been developed
to avoid the high-throughput backhaul to the core
network, which is too costly and constitutes a
major bottleneck [2].

Recently, the small-cell based architecture has
dominated in ultra-dense heterogeneous networks
(HetNets). In HetNets, mobile network operates
(MNOs) deploy multiple small base stations
(SBSs) which work in conjunction with micro
base stations (MBSs). For the MNO, the cost for
long distant transmission can be saved by this
architecture. On the other hand, MUs receive their
requested data through low power consumption,
low-latency and better-quality communications
[3]. Based on this architecture, video caching
relying on SBSs constitutes a feasible and low-
cost solution to further cope with the increasing
video data traffic over backhaul channels with
assistance of the small-cell based architecture.

Small-cell based caching mechanisms can help
offload data traffic from the MBSs and bring
contents closer to the MUs, which will reduce the
power consumption, shorten the transmission
latency and offloading delay. Due to its significant
performance on releasing the increasing mobile
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data traffic, video caching has received
considerable  attention in the  wireless
communications, and many researches have
focused on effect and efficient video caching
mechanism design.

In this work, a small-cell based video caching
system in ultra-dense HetNets, in which the
MNOs operate a set of SBSs and leases SBS
storage to multiple video service providers (VSPs)
to placing their video files. Based on different VSP
preferences, VSP utility functions, the MNO cost
function and a social welfare maximization
problem are formulated. Then, in order to elicit the
hidden information among VSPs and the MNO,
i.e., VSP utility functions and the MNO cost
function, a double auction model is introduced to
solve the caching problem.

Moreover, an alternative optimization problem is
formulated where it has the same optimal solution
as the social welfare optimization problem. By
solving this problem, and applying the designed
allocation schemes and pricing rules, the
maximum social welfare can be achieved although
there exists the hidden information. The detailed
proof of convergence and economic properties of
the designed double auction-based caching
mechanism are validated by simulation results.

Firstly, this work introduces how to implement the
video caching in the small-cell based network.
Then it analyzes the economic utility that can be
obtained by VSPs from receiving the caching
service, and the cost of the MNO when providing
the caching service to VSPs. The caching
procedure in the small-cell based caching system
is introduced first, by following three steps. The
first step focuses on SBS assignment, where each
VSP rents a certain fraction of the SBSs operated
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by the MNO for placing its video files. The second
step focuses on video file placing, where each VSP
accesses and places the most popular video files at
its assigned SBSs to achieve an efficient caching.
The three step focuses on MU video requests,
where an MU sends a request of video. This
request is first sent to this MU’s nearest SBS
which caches this video file. If there exists an SBS
that has cached this requested video and its
coverage can cover this MU, then this MU will
download the video directly from this SBS.

Secondly, a double auction mechanism design for
small-cell based caching system. Based on the
model and its analysis, the objectives of the MNO
and VSPs are opposite to each other. Particularly,
VSPs are willing to get as many as fraction of
SBSs for caching to achieve a maximum utility.
On the other hand, the MNO tends to lease less
fraction of SBSs to save its maintaining cost.
Therefore, it is difficult for them to reach an
agreement. Concerning this problem, a market
broker (system controller) is necessary to operate
the caching service market effectively and
efficiently. In the market, the broker is paid
according to the volume of transactions it
facilitates. Therefore, in this work, the broker is
considered to be honest and has no incentive to
distort the transaction efficiency [4]. To solve this
problem, an iterative algorithm, Iterative Double
Auction (I-DA), is introduced to make sure that
the maximum social welfare can be achieved, with
assistance of properly designed resource
allocation scheme and pricing rule.

In the simulation study, numerical results to
demonstrate and test the validity and effectiveness
of the proposed I-DA algorithm for the small-cell
based video caching system. In addition, the
convergence and economic properties of the [-DA
based caching mechanism are also verified
through the simulation.

Finally, the simulation results revealed the effect
of some parameters, such as the step size of
iterative algorithm, the number of VSPs, on the
system performance and algorithm performance.
Moreover, the convergence, economic efficiency,
individually rationality, incentive compatibility,
and budge balance properties [5] of the proposed
I-DA based caching mechanism are also validated
by the simulation results.
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A Creative and Fundamental Study on the Coding Technique for Wireless Caching
Systems

A short review for “On the Fundamental Limits of Coded Caching Systems With Restricted Demand

Types”

Edited by Cong Shen

S. Shao, J. Gomez-Vilardebd, K. Zhang and C. Tian, "On the Fundamental Limits of Coded
Caching Systems With Restricted Demand Types,” in IEEE Transactions on
Communications, vol. 69, no. 2, pp. 863-873, Feb. 2021.

Over the last decade, content delivery has been the
main reason of cellular traffic [1]. According to
[2], video applications account for 70.5% of the
total data traffic in 2016. Since content is usually
generated completely long before transmission,
caching becomes a quite practical and efficient
solution. Popular content, such as movies or TV
episodes, is cached in the period of low network
utilization, so that traffic of network in high
network utilization is reduced. Recently, an
information theoretic framework is proposed for
wireless caching systems [3]. In this framework, a
caching system works in two phases. One phase is
called the caching phase, and another is called the
delivery phase. In the caching phase, each user
caches data in advance without knowing its exact
demand. Then in the delivery phase, the central
server will broadcast data to all users depending on
their requests. Also, in [3], it shows that in such
wireless caching systems, a carefully designed
coded caching and delivery scheme will have a
transmission rate gain over uncoded ones.
However, the optimal coding scheme in general
still remains unknown.

This paper proposes a novel caching and delivery
coding scheme for caching systems where there’s
a restriction on the demand of users. By the result
of [4], the transmission rate in the delivery phase
varies with user’s demand. Meanwhile, the
demand that all files are requested is not necessary
the case which has the largest communication rate
in the delivery phase. Therefore, as a natural idea,
coding schemes designed for different class of
demands specifically can have a better rate
performance than the schemes designed for mixed
demands, if the prior information of demand is
known to the server. Motivated by this idea, this
paper focus on the caching systems where every
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file is requested by at least one user, which is a
pretty practical setup when the cached files are the
really popular ones.

In the prefetching phase, this paper uses a coded
prefetching scheme instead of an uncoded one.
Previous result [5] shows that when the
prefetching scheme is required to be uncoded, the
coding scheme in [3] is optimal; however [6]
shows that in many cases a scheme with coded
prefetching can have a lower transmission rate that
ones with uncoded prefetching. In this paper, a
mixture of uncoded and coded prefetching is
applied. Each file is partitioned into multiple sub-
files, and each sub-file has a three dimensioned
index. The sub-files with some certain indices are
prefetched uncodedly according to the prefetching
scheme in [3]. The rest of sub-files are coded by
following a product code structure.

Besides the prefetching scheme, the proposed
coding scheme has also subtly designed the
transmission scheme in the delivery phase. The
authors’ previous work [7] designed a coding
scheme for the case where the number of users
equals to the number files, and each file is
requested by exactly one user. However, the
scheme in [7] cannot easily extend to the cases
with general number of users, since the transmitted
message will have a linear dependence when some
of the files which are requested by even number of
users and hence a decoding failure occurs.
Therefore, in this paper, the proposed scheme
brings out an idea called 1/Q copy. That is to say,
they further partition a sub-file into an | copy can
Q copy. In the delivery phase, if one file is
requested by even number of users, an invertible
linear transform will be applied on all sub-files of
that very file and the linear dependency no longer
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exists. Meanwhile since the transform is invertible,
successfully decoding the transformed sub-files is
equivalent to successfully decoding the original
sub-files.

Simulation results show that the proposed scheme
can indeed achieves new operational corner points
that are not covered by any previous works.
Meanwhile this scheme still works if the restriction
on demand combination does not hold anymore,
however the transmission rate will increase.

In summary, this paper studies the fundamental
coding technique for caching systems. Instead of
designing a scheme which has a same rate for all
different demands, the proposed scheme can have
a better rate performance when every file is
requested by at least one user, at the cost of rate
when such restriction does not hold. Meanwhile,
some interesting coding techniques are applied in
this paper. All in all, this paper brings us novel
solution and inspiring techniques for the coding
problems in caching systems.
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Federated Learning Review in Cooperative Systems

A short review for “Opportunities of Federated Learning in Connected, Cooperative, and Automated
Industrial Systems”

Edited by Mohammad H Hasan

10.1109/MCOM.001.2000200.

S. Savazzi, M. Nicoli, M. Bennis, S. Kianoush and L. Barbieri, "Opportunities of Federated
Learning in Connected, Cooperative, and Automated Industrial Systems," in IEEE

Communications Magazine, vol. 59, no. 2, pp.

16-21, February 2021, doi:

Improving the intelligence of devices is an
everlasting pursuit in the age of intelligence and
the internet of things. Technologies such as self-
driving vehicles and collaborative robots (Cobots)
are developed. In these technologies, there is an
ever-present need for additional data from the
environment for dynamical model improvement
and for improving the response of the output of the
deep neural network (DNN) model in these
systems. Device-to-device communication serves
to improve the performance of individual devices,
with the increased availability of data for model
training, and communications, enabling devices to
access information about the environment that are
otherwise inaccessible locally.

However, free communication of data cooperative
systems through a conventional mobile edge cloud
(MEC) has multiple drawbacks. One of which is
the security concern arising from the transfer of
local device data, in applications such as self-
driving cars, into an external server [1]. Another
concern arises from the high computational
overhead due to the large size of data collected
locally in each individual device in the cooperative
system.

Federated learning (FL) is a distributed learning
method which does not require sending local
training data to a server [2-3]. Federated averaging
is one of the most popular FL implementations.
The decentralized learning method can have
various applications in mission critical control
scenarios, such as collaborative industrial robotics
and cooperative automated vehicles.

This paper addresses the opportunities of
emerging distributed FL tools for system with
autonomous industrial components, such as
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vehicles, robotics. FL is proposed to integrate with
the sensing-decision-action loop.

The author’s major contribution of this work is the
summarization of the state-of-the-art in the field of
FL. The paper reviews different means of
exchanging local parameters between devices
(federated nodes) to facilitate the update of a
superior local model in each device. Present two
avenues for incorporating FL: cooperative
automated driving and cobots. Finally, the paper
concludes with a demonstration of the use of FL in
cobots, showing an improved performance of
robots trained using FL, versus others that utilize
opportunistic models with no access to training
data externally.

This paper present two main approaches for the
exchange of local parameters between federated
nodes:  consensus-based  approaches, and
diffusion-based approaches. In the former
approach, federated nodes exchange their own
local ML parameters, such as connection weights
and biases in a DNN with each other. The updated
local ML parameters are consequently set to the
distributed average of the local parameters
exchanged. In this approach, communication
overhead is relatively low, especially
implementing sparse local ML parameters in the
D2D communication. This approach appears to be
feasible in the 15-cobot group network example
presented in this paper when the dataset is
independent & identically distributed (IID).

The second approach for parameter exchange
presented in this paper, Diffusion FL, trades off
additional communication overhead for a better
performance in non-IID datasets. In this case, the
federated nodes within the network exchange both
their local ML parameters as well as their gradients
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to their neighbors. This approach significantly
increases the convergence time of the FL as the
network size increases.

Finally, this paper presents the potential of using
FL to facilitate cooperation in automated driving
systems. FL may use distributed ML to combine
their sensory information together to improve
environment monitoring. Moreover, through FL,
vehicles with inaccurate sensors may improve their
vision systems through cooperation with vehicles
with more accurate sensors.

In summary, this paper highlights some prevalent
approaches for FL. It discusses the tradeoffs of
each approach and the overall potential of FL in
cooperative and industrial systems, concluding
with remarks about the potential of FL in

cooperative heterogenous device cooperation tasks.
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A Proof of Concept of Mulsemedia Streaming and its Advantages in a Real-
world Learning Environment

A short review for “Improving Student Learning Satisfaction by Using an Innovative DASH-based
Multiple Sensorial Media Delivery Solution”

Edited by Lucile Sassatelli

T Bi, R. Lyons, G. Fox and G. -M. Muntean, "Improving Student Learning Satisfaction by Using
an Innovative DASH-based Multiple Sensorial Media Delivery Solution," in IEEE Transactions
on Multimedia, 2020. doi: 10.1109/TMM.2020.3025669.

The quest for immersion cannot stop at sound and
sight only, but should rather incorporate other
human senses which are key in connecting a
human with an environment, present or remote.
Multiple sensorial media, also named mulsemedia,
aim at extending traditional media with tactile,
gustatory and olfaction components. These
components can enhance presence in virtual
environments [1,2]. In this article, Bi et al
investigate whether such additional sensory
components can benefit objectives beyond the
user's enjoyment, in particular whether it can
benefit the learning process in the classroom. The
authors focus on the issue of STEM learning,
within the framework of NEWTON, a European
project aimed at bringing innovative and
immersive teaching and learning solutions to the
classroom, focusing specifically on STEM.

The authors build a mulsemedia testbed made of a
programmable fan and sent diffuser, a haptic
mouse and a computer where the students watched
the educational STEM video.

Delivering this kind of augmented experience to
the remote classroom requires to design
transmission systems able to consider such
heterogeneous content, while still enabling
adaptation of the delivery to the conditions of the
user. To do so, the authors build on a multi-
sensorial extension of the MPEG DASH video
streaming standard, presented in [3] and named
DASHMS. The principle is to enable adaptation of
the delivery of mulsemedia content (video and
other sensory components), so as to maximize the
user's quality of experience. The quality of
experience objective function is defined as a
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weighted sum of video quality and energy
consumption of the mulsemedia devices. Indeed,
the video content remains the most demanding
component in terms of transmission throughput
from the server to the client, the other components
requiring only metadata to control their actuation.
This objective function therefore allows to
consider both network conditions and user profile
or preference.

The user experiments involved 44 business school
students who had to watch STEM videos and were
then questioned about their level of enjoyment and
annoyance, and were assessed with questionnaires
on the acquired knowledge (on the remembering,
applying and evaluating Bloom's learning
dimensions). Three different conditions were
evaluated: (1) no multi-sensory effect with video
and sound, (2) multi-sensory effect (airflow, haptic,
olfaction) with olfaction scent adapted to the video
content, (3) multi-sensory effect with constant
olfaction scent.

The majority of the students reported to have
enjoyed the experience, and that the haptic mouse
was their least favored mulsemedia effect. While
they enjoyed the experience, a significant fraction
of users reported being disturbed in their learning
task by the multi-sensory effect. In terms of
learning improvement thanks to mulsemedia
effects, results were less conclusive, as some
smells on certain videos improved the learning
outcomes while others impaired it. It seems that the
learning improvement depends on the type of smell,
and that matching the smell with the video content
may not always be straightforward.
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The interaction of learning and olfactive
environment therefore warrants more investigation,
as other works bring supporting evidence of a
beneficial interaction [4]. Of particular importance
is the matching of the video content with the type
of smell depending on the learning objective.

The authors have therefore demonstrated a real-
world  deployment of a  server-to-client
mulsemedia streaming systems based on
DASHMS and incorporated in a full-fledged
learning management system [5]. This opens up
the way for more diverse experiments of
immersive media accessed from remote
classrooms for innovative and more efficient
learning solutions.
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