
IEEE COMSOC MMTC Communications – Review 

 

http://mmc.committees.comsoc.org/                    1/10                  Vol. 11, No. 4, August 2020 

 

 

 

MULTIMEDIA COMMUNICATIONS TECHNICAL COMMITTEE  

IEEE COMMUNICATIONS SOCIETY 
http://mmc.committees.comsoc.org/ 

 

MMTC Communications – Review 

Vol. 11, No. 4, August 2020                                                

 

 

TABLE OF CONTENTS 

 

Message from the Review Board Directors  2 

Prototype and Experiment of the Intelligent Reflecting Surface 3 

A short review for “Reconfigurable Intelligent Surface-Based Wireless 

Communications: Antenna Design, Prototyping, and Experimental Results” (Edited 

by Zhe Xing and Rui Wang) 

 

A Cooperative Mechanism for Video Caching and Delivery 5 

A short review for “Cache Less for More: Exploiting Cooperative Video Caching 

and Delivery in D2D Communications” (Edited by Jinbo Xiong) 

 

Learning Disentangled Representations for Cross-Domain Image Analysis 7 

A short review for “A Multi-Domain and Multi-Modal Representation Disentangler 

for Cross-Domain Image Manipulation and Classification” (Edited by Debashis 

Sen) 

 

 

 

  

  

 



IEEE COMSOC MMTC Communications – Review 

 

http://mmc.committees.comsoc.org/                    2/10                  Vol. 11, No. 4, August 2020 

 

Message from the Review Board Directors 
 

 

 

Welcome to the August 2020 issue of the IEEE 

ComSoc MMTC Communications – Review. 

 

This issue comprises three reviews that cover 

multiple facets of multimedia communication 

research including reconfigurable intelligent 

surface-based wireless communications, 

cooperative video caching, and cross-domain 

manipulation and classification. These reviews 

are briefly introduced below. 

 

The first paper, published in IEEE Access and 

edited by Zhe Xing and Rui Wang, designed a 

prototype and experiments of antennas used for 

surface based wireless communications to 

support high data-rate communications. 

 

The second paper is published in IEEE 

Transactions on Multimedia and edited by Dr. 

Jinbo Xiong. The paper proposes a cooperative 

video caching and delivery in a D2D network 

where devices assist the video dissemination 

among each other. 

 

The third paper, published in IEEE Transactions 

on Image processing and edited by Dr. Debashis 

Sen. This paper aims at jointly tackling multi-

domain and multi-modal image manipulation in a 

unified framework. A novel network architecture 

called M2RD is proposed for cross-domain image 

synthesis and classification. 

 

All the authors, nominators, reviewers, editors, 

and others who contribute to the release of this 

issue deserve appreciation with thanks. 
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Review Directors 

 

Qing Yang 

University of North Texas, USA 

Email: qing.yang@unt.edu 

 

Roger Zimmermann 

National University of Singapore, Singapore 

Email: rogerz@comp.nus.edu.sg 

 

Wei Wang 

San Diego State University, USA 

Email: wwang@mail.sdsu.edu  

 

Zhou Su 

Shanghai University, China 

Email: zhousu@ieee.org 

  

 

 

 

 

 



 
IEEE COMSOC MMTC Communications – Review 

 

http://mmc.committees.comsoc.org/                    3/10                  Vol. 11, No. 4, August 2020 

 

Prototype and Experiment of the Intelligent Reflecting Surface 

A short review for “Reconfigurable Intelligent Surface-Based Wireless Communications: Antenna 

Design, Prototyping, and Experimental Results”  

(Edited by Zhe Xing and Rui Wang) 

  

L. Dai, et al., " Reconfigurable Intelligent Surface-Based Wireless Communications: Antenna 

Design, Prototyping, and Experimental Results," IEEE Access, vol. 8, pp. 45913-45923, Mar. 2020.  

 
 

Researches on the 6th generation (6G) mobile 

communications have already begun since the 

partial deployment of the 5th generation (5G) 

commercial networks in the first half of 2020. 

Compared with the current 5G, the future 6G 

mobile communication networks will face more 

challenges, such as providing Tbps magnitude of 

data rate, near 100% geographical coverage, 

intelligent and personalized wireless 

transmission, full automation, et al [1]. Although 

various key technologies including the millimeter 

wave (mmWave), massive multiple-input 

multiple-output (MIMO), and ultra-dense 

network (UDN), have been proposed to enable 

huge mobile data traffic and high-speed data 

transmission [2], they still exhibit drawbacks of 

high hardware cost (HWC) and energy 

consumption (EC). To tackle with these 

problems, 6G should not only be capable of 

supporting massive machine type 

communications (mMTC) and ultra-reliable and 

low latency communications (uRLLC) as 5G 

does, but also be able to reduce the HWC, 

improve the energy efficiency and promote the 

communication intelligence.  

 

Recently, from the perspective of controlling the 

wireless propagation environment, a state of the 

art approach, named intelligent reflecting surface 

(IRS), has been proposed to establish a novel 

communication paradigm and been envisioned as 

one of the candidate 6G technologies [3]. 

Distinguished from the conventional active relay 

which consumes power and retransmits the 

signal, or the general physical wall which merely 

reflects the electromagnetic wave, the IRS is a 

planar array composed of a large quantity of low-

cost passive reflecting units, each of which can 

generate an adjustable phase shift on the 

impinging signal wave, and reflect the adjusted 

signal to the receiving terminal. As a low-cost 

passive reconfigurable reflecting apparatus, the 

IRS is regarded as a promising technique to solve 

the problems of HWC and EC. 

The theoretical characteristics and potential 

applications of the IRS have been extensively 

investigated [4]. However, the IRS was mostly 

considered as a concept to be integrated into the 

traditional wireless communication system 

models. A few researches that focused on 

practically fabricating the IRS and measuring its 

performance in the real world could be found in 

[4]-[6], where the varactor-based analog IRS and 

the IRS with 1-bit elements were developed. 

Nevertheless, the varactor-based IRS had long 

response time and unsatisfactory phase accuracy, 

while the 1-bit IRS suffered from significant 

phase errors which caused antenna gain 

reductions. Therefore, motivated by the 

contributions on the IRS with 2-bit elements 

which struck a tradeoff between the above two 

cases [7], in this paper, L. Dai, et al. [8] design a 

2-bit IRS based prototype system and evaluate its 

performance at 2.3 GHz and 28.5 GHz. 

 

First, a square IRS with  2-bit 

reflecting elements is fabricated. Each reflecting 

element contains an upper patch, a ground plane 

and a slot-loaded plane. The upper patch and the 

ground plane are responsible for receiving or 

radiating energy and suppressing the back 

radiation, respectively, while the slot-loaded 

plane is responsible for inducing the phase shifts, 

which are generated by positive intrinsic-negative 

(PIN) diodes and controlled by an FPGA-based 

phase shift controller, on the coming signal 

waves. In the slot-loaded plane, 5 PIN diodes are 

integrated into 4 sets of slots. Each PIN diode can 

be turned ON or OFF to create 4 different phase 

states, corresponding to 4 element configurations, 

with a phase increment of approximately . 

Simulation results demonstrate that the phase 

states remain stable and the magnitude responses 

degrade by less than 1.2 dB within the frequency 

band from 2 GHz to 2.6 GHz. 
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Subsequently, an IRS-assisted wireless 

communication prototype system is designed. 

The prototype system consists of a host, a 

universal software radio peripheral (USRP) 

equipment and an IRS with 256 2-bit reflecting 

elements at the transmitter side, and a host and a 

USRP at the user side. The transmitter host 

configures the signal parameters and drives the 

transmitter USRP to perform encoding, 

modulation, up-conversion and signal emission. 

The IRS induces phase shifts on the signals and 

reflects them to the receiver USRP. The receiver 

USRP is driven by the receiver host to 

accomplish signal reception, down-conversion, 

demodulation and decoding. 

 

Finally, the experiments are carried out to testify 

the feasibility and efficiency of the fabricated 

IRS. The measurements are first performed in the 

compact anechoic chamber at 2.3 GHz, and then 

in the over-the-air (OTA) test environment with 

high-definition virtual reality (VR) video streams 

at both 2.3 GHz and 28.5 GHz. Results show that 

the IRS can achieve 21.7 dBi and 19.1 dBi 

antenna gains at 2.3 GHz and 28.5 GHz, 

respectively. Compared to the conventional 

phased arrays, the IRS can reduce the power 

consumption by 58.6% in terms of effective 

isotropic radiated power when maintaining the 

similar performance.  

 

In conclusion, as an attractive and promising 

approach, the IRS has prompted the researchers 

to make theoretical analyses, optimizations and 

functional designs on its conceptual model. On 

the contrary, to the best of our knowledge, the 

practical fabrication and application of the IRS 

are still in the exploratory stage and may face 

many problems in terms of phase accuracy, real-

time control and response, deployment, et al. As a 

result, the attempt to build the IRS prototype is of 

great significance to facilitate its practical 

application in the future 6G wireless 

communication networks. 
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A Cooperative Mechanism for Video Caching and Delivery 

A short review for “Cache Less for More: Exploiting Cooperative Video Caching and Delivery in 

D2D Communications”  

Edited by Jinbo Xiong 

  

D. Wu, Q. Liu, H. Wang, Q. Yang and R. Wang, "Cache Less for More: Exploiting Cooperative 

Video Caching and Delivery in D2D Communications,'' IEEE Transactions on Multimedia, vol. 

21, no. 7, July. 2019. 

According to Cisco’s latest Visual Networking 

Index (VNI) report, the global mobile data traffic 

will increase nearly 9-fold from 2015 to 2020, of 

which mobile video services will account for 

nearly 75% [1]. This problem is compounded by 

the fact that mobile users tend to access/watch 

videos online, which puts high bandwidth 

requirements and stringent delay constraints of 

online video streaming. Therefore, the ever-

increasing demand for videos poses a serious 

challenge to existing cellular network 

infrastructures, in delivering videos with a good 

quality of experience (QoE) to users. 

 

In order to cope with this ongoing increasing 

mobile data demand, device-to-device (D2D) 

communications, as defined in the 3rd generation 

partner project (3GPP), was proposed to allow 

mobile devices in close proximity to transmit data 

between each other, without base station (BS) 

forwarding [2],[3]. Therefore, it can effectively 

reduce the load on BS, dramatically improving 

the radio spectrum utilization and network 

throughput. However, applying D2D 

communication in video streaming is still an open 

problem [4],[5], and it is further complicated by 

the mobility and sharing willingness of users, 

unstable channel conditions, and high QoE 

requirements. Particularly, the movement of users 

makes D2D links exhibit a discontinuous feature 

in both temporal and spatial domains, which may 

cause channel errors and packet losses in video 

transmissions. Furthermore, interrupted video 

transmissions or transmissions with large 

jitters/delays, would significantly degrade a 

user’s QoE. 

 

In this paper, the author borrowed ideas from a 

user-centric virtual cell technology, and 

considering that the deployment of more fixed 

access points (APs) will cause increased 

communication costs. Therefore, the author 

proposes a user-centric D2D communication 

mechanism by using user devices instead of 

traditional APs, and each user who subscribes to 

the video service has a dynamic service set that 

consists of its neighboring users. Specifically, a 

service set consisting of several service providers, 

i.e., regular mobile users, is dynamically 

configured for a service consumer. As such, 

requested videos are first pushed from BS(s) to 

service providers and then transmitted to the 

service consumer, via D2D communications. 

 

The mechanism allows regular mobile users to 

cache and transmit videos between each other in 

a cooperative manner. Furthermore, to achieve a 

QoE-guaranteed video streaming service in a 

cellular network, the proposed solution jointly 

considers users’ similarity in accessing videos, 

users’ sharing willingness, mobility, storage 

capacity, and their QoE requirements.  

 

First, mobile users in this proposal are divided 

into two groups, namely service providers (SP) 

and service consumers (SC). When a SC 

successfully subscribes to a video service, its 

serving BS will check the SC’s video accessing 

history and generates a cooperative cache list 

(CCL) that contains the videos that are likely to 

be accessed by the SC in the future. By 

comparing the similarity between a SP and the 

SC, regarding to their video accessing history, the 

CCL of a SP will be identified. From the CCL, a 

SP determines which videos need to be cached in 

its local storage. Based on the amount and quality 

of videos that a SP can provide; a group of SPs 

are selected to construct the SC’ service set. 

 

After the service set is established, videos are 

pushed to SPs at off-peak time, if possible, to 

avoid network congestion caused by concurrent 

video transmissions during peak time. 

Considering that the storage capacity of the 

mobile device is limited, the user cannot cache 

multiple demand videos. Besides, in order not to 

affect the other operations of consumer, e.g., 

limited work space, only SPs receive the video 
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pushed by BS. Thus, the user can prefetch data to 

reduce latency when network congestion 

happened. After the so-called base station to 

device (B2D) communication, videos will be 

cached on the SPs. Later on, when the SC and 

SPs are in close proximity, cached videos are 

transmitted to the SC via D2D communications, 

in a “many-to-one” manner, that is, a consumer 

obtains videos from multiple potential providers. 

The mode can be regarded as the independent 

operation of several D2D links. When the 

requested video is completely delivered to the 

SC, the BS will update the SC’s and SPs’ CCLs 

accordingly. 

 

Numerical results indicate that the proposed 

communication mechanism is able to not only 

improve users’ experience, but also offload the 

data traffic on the BS(s). 

 

In summary, the authors explore the possibility of 

caching videos on individual users in a cellular 

network, and letting similar users share videos to 

each other, via a hybrid communication mode, 

i.e., B2D+D2D. The major instrument of this 

work is the cooperative cache list that considers 

users’ similarly in accessing videos to determine 

the videos that need to be cached. As a result, the 

videos are likely to be accessed by service 

consumers and those needed to be cached on 

service providers are identified. 
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Learning Disentangled Representations for Cross-Domain Image Analysis 

A short review for “A Multi-Domain and Multi-Modal Representation Disentangler for Cross-Domain 

Image Manipulation and Classification” 

Edited by Debashis Sen 
 

 
 

Recently, deep learning has achieved significant 

progresses in the areas of computer vision and 

machine learning. While exhibiting promising 

performances, the success of deep learning 

models typically relies on large-scale labeled 

datasets for training the associated networks.  In 

practice, collecting and annotating an enormous 

amount of training data might not be always 

feasible. With a range of real-world applications 

such as autonomous driving, person re-

identification, scene understanding and style 

transfer, performing visual synthesis or 

recognition tasks with representation across image 

domains is therefore a challenging yet important 

task.  

 

As solutions to the above issue, a number of 

methods utilize domain adaptation techniques and 

learn mapping functions across source and target 

domains. These are to derive domain-invariant 

latent representations for encoding cross-domain 

input data. While these models exhibit satisfactory 

results for transfer between two domains, they 

generally suffer from scalability issues with 

extension of their models for more than two 

domains. Recently, to perform domain transfer 

across multiple domains, StarGAN [1] and UFDN 

[2] present unified model structures with the aid 

of domain label to translate input images to 

multiple style of interests.  

 

In the aforementioned visual analysis tasks, one 

might not only need to perform translation and 

adaptation across data domains. Take style 

transfer for example, it would be necessary to 

exploit intra-domain variations and introduce 

multi-modal diversity during image synthesis. 

That is, a single input image may correspond to 

diverse possible outputs of the same style (e.g., 

daytime, summer, etc.). Due to the mode collapse 

problem encountered in Generative Adversarial 

Nets (GANs) [3], it might not be easy to produce 

diverse outputs using GAN-based models. To 

enforce the diversity of the generated images, 

DRIT [4] and MUNIT [5] apply representation 

disentanglement techniques to decompose latent 

representation into disjoint features, which 

describe content and style information for diverse 

image-to-image translation. By manipulating 

different style features, their models would be 

capable of synthesizing outputs with sufficiently 

multi-modal diversity.  

 

In the paper being reviewed, the authors aim at 

jointly tackling multi-domain and multi-modal 

image manipulation in a unified framework. The 

authors propose a novel network architecture of 

Multi-domain and Multi-modal Representation 

Disentangler (M2RD) for cross-domain image 

synthesis and classification, with the ability to 

manipulate image data with particular attribute of 

interest while exhibiting sufficient diversity. 

Without the need to collect pairwise image 

training data, the M2RD learns to factorize latent 

image representation into domain-invariant 

content feature with associated domain-specific 

one.  While the former embeds content 

information from input data, the latter shows 

diversity during image translation across multiple 

domains.  

 

To be more specific, derivation of domain-

invariant feature is achieved by the use of domain 

confusion objectives, which eliminate the domain 

differences between the features encoded from 

distinct domains, while the disjoint part of 

domain-specific feature is ensured to describe 

style information via reconstruction guarantee. 

The authors additionally advance adversarial 

learning with auxiliary domain classifier to 

guarantee the quality of synthesized images and 

satisfy the proper domain information. Through 

fitting domain-specific features to a Gaussian 

distribution, M2RD allows sampling different 

noise vectors as style features during inference to 

exhibit multi-modal diversity of corresponding 

output images. Finally, the content consistency 

constraint further preserves content information 

during the generation process. In addition to 

cross-domain image translation, the authors show 

F.-E. Yang, J.-C. Chang, C.-C. Tsai and Y.-C. F. Wang, "A Multi-Domain and Multi-

Modal Representation Disentangler for Cross-Domain Image Manipulation and 

Classification,'' IEEE Transactions on Image processing, vol. 29, 2795 – 2807, 2020. 
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that the derived domain-invariant content features 

can be applied to the visual classification task of 

unsupervised domain adaptation (UDA), which 

desires a common feature representation shared by 

different domains for adaptation purposes.   

 

For evaluation, the authors present the synthesized 

images using different types of datasets (i.e., 

digits, faces, summer-to-winter, and photo-to-art) 

in multiple settings, including multi-domain and 

multi-modal image manipulation. The results of 

multi-modal image translation show that the 

model presented by the authors is capable of 

generating images with sufficient diversity from 

the given input image, which further proves its 

excellent ability to perform one-to-many image 

translation.  On the other hand, the model is also 

successfully applied to translate input images 

across multiple domains with intra-domain 

diversity. Apart from the qualitative results, the 

authors also show t-SNE visualization and 

classification accuracy results in their experiments, 

showing that the feature representation learned by 

the model successfully exhibits domain-invariant 

characteristics. 

 

In summary, the novel M2RD framework of the 

paper being reviewed is unique and innovative. 

The novel network architecture tackles cross-

domain image manipulation and classification 

across multiple domains. It exhibits satisfactory 

multi-modal diversity by factorizing and modeling 

the feature representations of interest. As 

confirmed by the experimental results, M2RD 

produces promising visual outputs with multi-

modal diversity across multiple domains, while 

the derived feature representations are 

successfully applied for solving unsupervised 

domain adaptation tasks. 
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Paper Nomination Policy 

 

 
Following the direction of MMTC, the 

Communications – Review 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, music, 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 Communications 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 Review 

Board Directors: Qing Yang 

(qing.yang@unt.edu), Roger Zimmermann 

(rogerz@comp.nus.edu.sg), Wei Wang 

(wwang@mail.sdsu.edu), and Zhou Su 

(zhousu@ieee.org). The nomination should 

include the complete reference of the paper, 

author information, a brief supporting statement 

(maximum one page) highlighting the 

contribution, the nominator information, 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 potential 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 

Review quality, a board editor will be assigned 
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