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Message from the Review Board Directors 
 
 
 
Welcome to the April 2022 issue of the IEEE 
ComSoc MMTC Communications – Review. 
 
This issue comprises four reviews that cover 
multiple facets of multimedia communication 
research including subjective evaluations of 3D 
content and multisensory 360-degree videos, novel 
generative adversarial networks for multimedia 
applications, and deep learning for wireless 
network optimization. These reviews are briefly 
introduced below. 
 
The first paper, published in ACM Transactions on 
Applied Perception and edited by Dr. Carsten 
Griwodz, evaluates three classical methods for 
subjective quality assessment of 3D visual content, 
which is increasingly used in VR and AR 
applications nowadays. The results show that the 
double stimulus impairment scale (DSIS) method 
outperforms the other two in various scenarios. 
 
The second paper, edited by Dr. Yong Luo, was 
published in IEEE Transactions on Multimedia. 
This paper proposes TWGAN, a generative 
adversarial network model that consists of one 
generator and a twin discriminator and uses the 
combination of saturating and non-saturating loss 
functions. Experiments show that TWGAN can 
effectively address the training instability problem.  
 
The third paper, edited by Dr. Shengjie Xu, was 
published in IEEE Wireless Communications. This 
paper reviews recent works that applies deep 
learning in wireless network optimization.  
 

The fourth paper, edited by Dr. Roberto G. de A. 
Azevedo, is to be published in IEEE Trans. on 
Visualization and Computer Graphics. This paper 
presents a study on how the combination of 360-
degree video degradation and multisensory content 
affects user’s quality of experience.  
 
All the authors, reviewers, editors, and others who 
contribute to the release of this issue deserve 
appreciation with thanks. 
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Subjective QoE Assessment for Visual 3D Content 
A short review for  

“Comparison of Subjective Methods for Quality Assessment of 3D Graphics in Virtual Reality”  
Edited by Carsten Griwodz 

  
Y. Nehmé, J-P. Farrugia, F. Dupont, P. Le Callet, and G. Lavoué, “Comparison of Subjective Methods 
for Quality Assessment of 3D Graphics in Virtual Reality”, in. ACM Trans. Appl. Percept. 18(1), 2021 
  

In both our private and professional lives, 3D 
content is increasingly present, and can increase 
our understanding of reality, virtuality and every 
intermediate form [1]. The 3D content that we see 
and interact with comes in a vast multitude of 
forms, ranging from simple labels attached to real-
world imagery in AR [2], to fully rendered virtual 
environments in VR that are may be encoded as 
textured meshes [3] or pointclouds [4]. 
 
Frequently, the content for such virtual experiences 
needs to be delivered over the network, and due to 
the vast amount of information that makes up 
virtual objects and virtual scenes, relevant data 
must be selected from a large overall dataset, and 
it must be compressed using lossy codecs for 
timely transfer. Like the uses of virtual content, the 
means of compression can vary widely, and 
efficient compression strategies are a hot research 
topic. An understanding of suitable compression 
methods for a particular scenario is required to 
select the best combination of compression and 
transfer method to achieve a high degree of user 
satisfaction. It is therefore essential that we learn 
about methods that are suitable for the assessment 
of users’ quality-of experience (QoE) in this 
quickly developing visual medium. 
 
The paper by Nehmé et al. that is reviewed in this 
letter takes a detailed look at classical methods for 
subjective quality assessment that have proven 
their worth in video compression and transfer. 
Subjective quality assessment provides us with an 
understanding of real human users’ perception of 
content’s visual quality. Truly understanding how 
users perceive the unavoidable temporal and 
spatial inaccuracies due to lossy compression and 
latency introduced by network transfer is the basis 
for decision-making at all levels of new virtual 

reality systems, whether the decisions are made by 
hand-coded or data-driven algorithms. 
 
Of course, not all possible contents can be 
investigated in a single study, and Nehmé et al. 
focus in this paper on 3D objects that are observed 
by a human user through a VR headset. The 
authors aim at a strictly controlled scenario and put 
the 3D object into a neutral room with grey walls 
and use lighting that appears ambient and does not 
generate shadows. Although the participants in the 
user study observe the object through an HTC Vive 
headset in this study, their physical motions do not 
generate any motion of the camera in the virtual 
world. This virtual scenario is a translation of the 
well-known standardized setups for the assessment 
of video quality into the virtual world [5]. 
Furthermore, where videos in a video quality 
assessment study would obviously present content 
that changes over time, Nehmé et al. create a fixed 
motion path of the virtual camera around the object, 
while the object itself is static. 
 
For a multimedia systems researcher, these 
restrictions may appear unfortunate because 
desirable multimedia systems allow the user at 
least 3 and often 6 degrees of freedom of motion in 
the environment, and environments in VR 
applications become increasingly dynamic as well. 
To understand these restrictions, it is important to 
look at the authors’ motivation. 
 
Their goal is to assess the suitability of methods 
that were developed with video quality assessment 
for conducting QoE studies. Their goal is not to 
understand the user experience in a particular VR 
application. To focus on this goal, it is important to 
maximize repeatability and avoid a strong 
engagement of the participants with the content. 
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The paper is rather meant to several questions 
about the assessment methods: 

• consistency of results, 
• accuracy of scores, and 
• confidence of scores. 

The assessment methods that are considered in the 
paper are the Absolute Category Rating with 
Hidden Reference (ACR-HR), the Double 
Stimulus Impairment Scale (DSIS), and the 
Subjective Assessment Methodology for Video 
Quality (SAMVIQ), all of which are standardized 
by the International Telecommunication Union [5]. 
 
Nehmé et al. present the properties of these three 
methods, where ACR-HR is a single stimulus 
method, DSIS a double stimulus method, and 
SAMVIQ a multi-stimuli method with random 
access. Due to the major differences between the 
three methods, the authors compare the 
performance of ACR-HR and DSIS first before 
investigating SAMVIQ and finally comparing all 
of them. 
 
ACR-HR and DSIS are compared first. Obviously, 
there is not baseline for true QoE values of the 3D 
models used for the study. Lacking this, the authors 
conduct the study with two groups of participants 
and assess the consistency of their responses. 
Although the general trend of quality assessment 
between both approaches and with both groups of 
participants is the same, Nehmé et al. observe that 
the consistency of DSIS results across groups is 
higher, probably due to the built-in normalization 
of a double stimulus method. The method is also 
shown to be more accurate in the sense of reducing 
the randomness of results. Concluding that DSIS is 
preferrable over ACR-HR due to the reference 
views, the authors do then compare it to the 
random-access method SAMVIQ. In principle, 
both methods yield the same results. However, by 
studying the influence of the number of 
participants on confidence intervals, the authors 
can conclude that the SAMVIQ method achieves 
consistent QoE assessment with fewer participants. 
When two groups of 12 participants are combined, 
however, DSIS achieves the same confidence as 
SAMVIQ. Due to the extensive time that 
participants spend on rating using the SAMVIQ 
method, the authors conclude that the DSIS 
method is the better method for real-world testing 
although it requires more participants. 

Consequently, Nehmé et al. provide with their 
work a clear answer to the question about the best 
performing and most suitable QoE assessment 
method for VR content that many multimedia 
researchers ask. They determine that a simple 
double stimulus method like DSIS can achieve 
consistent, accurate results faster than a complex 
method like SAMVIQ that provides participants 
with the option to explore. This establishes 
important baseline knowledge for more complex 
VR scenarios that we will be facing in a lot of 
upcoming multimedia research. 
 
References:   
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displays on the reality-virtuality continuum,” Proc. 
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Technologies, Dec 1995. 

[2] Y. Siriwardhana, P. Porambage, M. Liyanage and M. 
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With 5G Mobile Edge Computing: Architectures, 
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Communications Surveys & Tutorials, 23(2), 2021. 
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Towards Stable Training for Generative Adversarial Networks  
A short review for “TWGAN: Twin Discriminator Generative Adversarial Networks”  

Edited by Yong Luo 
  

Z. Zhang, M. Li, H. Xie, J. Yu, T. Liu, and C. W. Chen, “TWGAN: Twin Discriminator Generative 
Adversarial Networks,” in IEEE Trans. Multimedia, Vol. 24, pp. 677-688, 2022. 
  

Generative Adversarial Networks (GANs) [1] is 
one kind of generative model, in which a game is 
played between two competing neural networks. A 
generator (G) which produces synthetic data with 
some given noise and a discriminator (D) which 
distinguishes whether the data is from the output 
of the generator or real data. 
 
GAN can produce very visually appealing samples 
and has become more and more popular in 
multimedia applications. Although GANs have 
achieved great success, they are often difficult to 
train and suffer from the training instability 
problem [2]. This is because in the Standard GAN 
(SGAN) [1], 𝐷 is a classifier, and its output is the 
probability that whether the input data is real. 
When 𝐷 is optimal, the loss function of SGAN is 
approximately equal to the Jensen Shannon 
divergence (JSD) [2] between the distribution of 
generator (𝑃!) and the distribution of discriminator 
(𝑃"#$#). While in a typical case, 𝑃!  and 𝑃"#$#  do 
not overlap or the overlapping parts can be ignored. 
This phenomenon will cause the JSD item cannot 
be optimized further and lead to issue of the 
gradient vanishing, and thus training instability. 
Additionally, the loss function of SGAN is also 
called saturating loss function [3]. 
 
Recent attempts have been made to address the 
training instability problem by improving the 
training of GAN. Arjovsky et al. [2] first proposed 
a method named −log𝐷 alternative. They change 
the loss function of the generator from 1– log𝐷 to 
−log𝐷  to address training instability. Although 
this method is effective, unfortunately, it will incur 
another issue that the optimization of this kind of 
loss function will cause the gradient of generator 
volatile when 𝐷  is optimal. This kind of loss 
function is named as non-saturating loss [3] to 
distinguish it from the SGAN’s loss function. 

Then, Arjovsky et.al [4] propose a distance to take 
place of the JS divergence when we optimize the 
generator under optimal discriminator. They name 
this distance as Wasserstein distance, and they 
propose a novel GAN called Wasserstein GAN 
(WGAN) [4]. Although this method is effective 
enough, the performance of WGAN is still not 
satisfied. Lately, Simon Jenni and Paolo Favaro [5] 
proposed a method that added the same noise both 
in G and D to address the training instability 
problem. This method will make the gradient of the 
generator not vanish when the optimal 
discriminator is obtained. Although this method is 
useful, however, it may change the distribution of 
real data (𝑃"#$# ) a little when we optimize the 
GAN, this will decrease the performance of the 
GAN. 
 
Concentrating on the training instability problem, 
in this paper, we propose a novel GAN named 
TWGAN, which consists of one generator and a 
twin discriminator. The twin discriminator consists 
of two discriminators and the saturating and non-
saturating loss functions are applied to the two 
discriminators respectively to balance the 
distribution optimization between the theory and 
ideal case. 
 
The conception of TWGAN and the other two-
discriminator GAN models (such as D2GAN [6] 
and STDGAN [7]) are fundamentally different. In 
other two-discriminator GAN model, two 
discriminators give opposite probability to real 
data and synthetic data. The first discriminator 𝐷% 
rewards high scores for the samples from the data 
distribution, while the second one 𝐷&  favors the 
samples from the generator conversely. While in 
TWGAN, two discriminators have identical 
architecture and both of them favor the samples 
from the real data. Besides, the other two-
discriminator GAN model aims to address the 
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mode collapse problem, the function of 𝐷&  is to 
avoid producing similar samples from generator. 
While TWGAN aims to address the training 
instability problem, the function of 𝐷& with non-
saturating loss is to balance the distribution 
optimization between the theory and ideal case. 
 
The authors also introduce whitening and coloring 
transform, Spectral Normalization and ResBlock 
in TWGAN to obtain the higher inception score [8] 
and lower FID [9]. Besides, the authors analyze the 
distribution optimization process of SGAN and 
TWGAN and show that the distribution 
optimization process of SGAN is different from 
that of the ideal case, while the distribution 
optimization process of TWGAN is similar to that 
of the ideal case. Furthermore, TWGAN can 
address the gradient volatile issue in −log𝐷 
alternative method [2]. The using of the twin 
discriminator can balance the −2𝐽𝑆(𝑝"#$# ∥ 𝑝') 
item which the non-saturating loss function 
produced. 
 
The lower variances obtained from multiple times 
run compared with other GANs in the extensive 
experiments on diverse datasets show that the 
benefits of the twin discriminator and the 
combination of saturating and non-saturating loss 
functions. The higher inception score and lower 
FID, as well as the faster convergence speed 
obtained in the experiments also shows the 
superiority of TWGAN. 
 
In summary, this paper proposes a novel GAN, 
namely TWGAN, which consists of a generator 
and two discriminators. The saturating and non-
saturating loss functions are applied to the two 
discriminators respectively to balance the 
distribution optimization between the theory and 
actual training. A drawback of TWGAN is that the 
number of network parameters and the training 
time cost will be increased, and thus a future work 
may be to employ some efficient learning methods 
to reduce the number of parameters. 
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Deep Learning for Future Wireless Networking  

A short review for “Deep Learning for Wireless Networking: The Next Frontier”  
Edited by Shengjie Xu 

  
Y. Cheng, B. Yin and S. Zhang, "Deep Learning for Wireless Networking: The Next Frontier," in IEEE 
Wireless Communications, vol. 28, no. 6, pp. 176-183, December 2021.  

This paper reviews recent efforts in leveraging 
deep learning (DL) for addressing wireless 
network optimization problems, presenting a 
fundamental understanding of where and how the 
supremacy of DL based approaches comes versus 
the conventional modeling-based approaches. The 
authors also present some basic research 
challenges and some promising research directions 
for fully exploiting the potential of DL in wireless 
network. The authors also illustrated the 
effectiveness of DL with an innovative case study 
of integrating DL with multi-hop wireless network 
flow optimization. 
 
The authors first present the tremendous benefits 
in DL. Due to its recent success in various domains 
[1], DL has been identified as a disruptive enabler 
for automatic and autonomous network 
management. Incorporating DL intelligence into 
wireless networks not only has the potential to 
replace the manual interventions involved in the 
current engineering-intensive network 
management tasks, but also give rise to novel 
network optimization approaches that deliver 
superior system performance in real-time. Given 
the strong capability in big data analytics, DL 
techniques can be leveraged to distill insightful 
knowledge (e.g., the intricate correlations between 
the network configurations and the achievable 
performances) from the abundant data over 
modern wireless networks to enable innovative 
control and optimization methods.  
 
In particular, deep reinforcement learning (DRL) 
techniques, which have demonstrated impressive 
results in areas such as robotics and video games, 
provide promising opportunities for developing 
online control policies in complex and large-scale 
networking scenarios. Moreover, the emerging DL 
hardware accelerators significantly speed up the 
DL-related operations; the network controllers 
equipped with modern DL technologies are 

obtaining the capability to promptly adjust and 
optimize resource allocation efficiently in 
response to rapidly changing networking 
conditions. 
 
The authors then examine some legacy strategies 
that fail to fully exploit the computation experience 
of solving all the historical problem instances. 
Wireless network optimization tasks usually 
involve the management or allocation of network 
resources (e.g., radios, channels and transmit 
power), intending to deliver good network 
performance. Most existing approaches to such 
tasks follow the paradigm of mathematical 
programming, in which a wireless network utility 
maximization (WNUM) problem is formulated 
and solved. When designing algorithms for 
WNUM problems, computational overhead and 
optimality are the two most important concerns. 
However, wireless networks are inherently 
dynamic and require adaptive control. Regarding a 
specific network optimization task, it is not 
uncommon that the network controller has to solve 
many WNUM problems with the same or similar 
structure to guarantee stable network performance 
[2]. 
 
After recognizing these limitations in wireless 
network optimization, the authors present the 
supremacy of DL in wireless network optimization. 
DL technologies can advance the state of the art of 
wireless network optimization from four aspects: 
establishing practical and informative 
formulations of the optimization tasks; alleviating 
the computational overhead of generating 
approximated solutions; exploring approaches that 
are superior to the existing ones; and discovering 
new latent knowledge that facilitates efficient and 
effective optimization. 
 
DL technologies provide a universal approach to 
model the optimization tasks that are intractable to 
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formulate mathematically. The work in [3] 
employs DNNs to develop an end-to-end wireless 
communication system in which several key 
functions, including encoding, decoding, 
modulation, and demodulation, are performed in 
an integrated fashion. By leveraging the near-term 
predictions of some system parameters (e.g., 
traffic loads, content requests, and user trajectory), 
those approaches can serve the demands 
proactively to improve the performance, which 
also demonstrate good adaptability to the dynamic 
environments.  
 
Recent research attempts at embedding DL models 
in the traditional algorithmic frameworks for 
combinatorial optimization also reveal promising 
results in advancing the state-of-the-art 
methodologies [4, 5], which shed light on a hybrid 
optimization framework for algorithm design. The 
former work focuses on a greedy heuristic 
framework in which the criterion for selecting the 
next step option is learned using DRL methods. 
The latter work investigates the local search 
framework, where the search direction is guided by 
the outputs of DNNs. Given the pervasiveness of 
heuristics in the wireless networking domain, the 
authors envision that the idea of leveraging DL to 
promote existing algorithms can be leveraged to 
address wireless network optimization tasks in a 
broader sense. 
 
Despite the advantages of incorporating DL 
models in wireless network optimization, some 
fundamental research challenges have yet to be 
addressed to fully unleash the potential of DL 
technologies in simplifying network management 
and enhancing network performance. The authors 
vision some challenges and illustrate some of the 
research topics that deserve further considerations 
from four aspects: informative training data 
generation; effective training objective design; 
performance guarantees, and scalability.  
 
The authors provide a survey with a holistic 
perspective, of the recent efforts in leveraging DL 
for wireless network optimization, probing 
insightfully where and how the supremacy of DL 
based approaches comes versus the conventional 
modeling-based approaches. The challenges of 
applying the state of the art from the machine 

learning community to general wireless network 
optimization problems are discussed and several 
promising research directions are pointed out. 
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On the impact of additional Sensory Stimuli on the Quality of Experience of 360-
degree videos 

A short review for “Multisensory 360◦ Videos Under Varying Resolution Levels Enhance Presence”  
Edited by Roberto G. de A. Azevedo 
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“Multisensory 360◦ Videos Under Varying Resolution Levels Enhance Presence,” IEEE Trans. on 
Visualization and Computer Graphics, 2022 (Early access) doi: 10.1109/TVCG.2022.3140875 

  

Immersive media technologies have been gaining 
popularity in the last few years, and it is expected 
that they will drastically affect the way we 
consume multimedia content. Indeed, there has 
been a considerable amount of research in both 
industry and academy, resulting in new hardware 
(e.g., head-mounted displays, controllers, etc.) and 
software technologies that provide more and more 
immersive experiences. Technologies such as 
point clouds, light fields, and 360-degree videos 
are examples of visual media formats that can be 
used to provide a more immersive experience to 
end users. 
 
Although traditionally most multimedia content 
has been developed to stimulate two human senses, 
i.e., sight and hearing, to provide a fully 
immersive experience, additional effects 
stimulating other human senses are also needed [1]. 
In such a context, Covaci et al. [2] bring a new 
study on how the overall user quality of 
experience (QoE) is impacted by such sensorial 
effects together with 360-degree video 
degradation. The topic of the paper is timely and 
similar studies are much needed towards a better 
understanding of end-user experiences and 
optimizing computing resources to provide 
immersive services with the best QoE possible. 
 
Covaci et al.’s study focuses on understanding 
how the additional sensorial effects affect the 
sense of presence on 360-degree videos and how 
such effects can be used to mask video quality 
drops, e.g., in adaptive bitrate (ABR) scenarios. In 
particular, the authors focus on answering the 
following research questions: RQ.1) “what is the 
impact of sensorial effects on the sense of 
presence in 360-degree videos?”; RQ.2) “what is 
the impact of video degradation on the sense of 
presence in 360-degree video with sensorial 

effects?”; and RQ.3) “what is the impact of video 
motion levels on the sense of presence in 360-
degree videos with sensorial effects?” 
 
The stimuli for the participants were composed by 
3 different 360-degree videos augmented with 
sensorial effects (Coffe Shop, Lavender field, and 
Rollercoaster). The setup included a Smartphone-
based HMD, a scent device, and a wind-emitter 
device. Three independent variables (“Encoding 
Quality”, “Motion Dynamism”, and “Sensory 
Effects”) and one dependent variable (“Sense of 
Presence”) were part of the study. Sense of 
presence is measured using the SUS (Slatter-
Usoh-Steed) questionnaire [3]. 
 
Similar to previous studies [4, 5], and answering 
RQ.1, Covaci et al.’s paper shows that the 
additional effects induce a higher level of presence 
when compared to a similar 360-degree visual 
quality level without the sensorial effects. Indeed, 
the three presence themes on SUS (Being there, 
Dominant reality, and Images or places) have 
higher values. 
 
Even more interesting, related to RQ.2, the study 
also shows that there are cases in which increasing 
the video bitrate level does not necessarily lead to 
an improvement in the perceived sense of 
presence. This can be partially explained by the 
“masking effects” that additional sensorial content 
can induce in the users. Since sensory effects are 
basically metadata that can be sent cheaply, a 
better understanding of how such additional 
effects impact the overall user QoE might be used 
to optimize network resources in new scenarios in 
the future. 
 
Finally, related to RQ.3, the paper discusses the 
impact of the visual content itself on the sense of 
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presence. Although the visual content 
characteristics (e.g., content dynamism) have an 
impact on how the users feel immersed, the 
authors argue that in a multi-sensorial 
environment, such variable cannot be considered 
independently. The initial results on such a 
direction are very interesting. However, since the 
study only includes 3 different contents, more 
research should be done in such a direction. 
 
Overall, Covaci et al.’s paper discusses a timely 
topic and highlights the need for considering the 
user experience of multimedia content in a broader 
sense for resource allocation strategies. In 
particular, they also point out the need for adaptive 
bandwith-allocation protocols to consider user-
centric measures (such as the sense of presence) in 
practice. Such user-centric approach is even more 
necessary when considering future immersive 
scenarios, in which, for instance, it is possible to 
(cheaply) provide additional sensory effects that 
can mask quality fluctuations on the main 
(network-hungry) visual media. 
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