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Abstract—Nowadays, the traditional teacher-centered way 
of teaching seems to be anachronistic. Disabled people, and not 
only, face difficulties to follow the current educational 
methods. The evolution of technology can offer significant 
benefits in these problems. Cutting-edge technologies, such as 
as Internet of Things (IoT), Cloud Computing (CC), Wireless 
Sensor Networks (WSN), Big Data Analytics (BDA), 
Compressed Sensing (CS),  Augmented Reality/Virtual Reality 
(AR/VR) and 5G Networking can contribute in the field of 
smart education. However, smart education is currently in an 
embryonic 2D data representational state. In this paper, we 
propose a new Revolutionary Interactive Smart Classroom 
(RISC) which will provide a virtual environment for enhanced 
learning experience, based on 5G Network. This classroom will 
also make use of 3D virtual services in combination with haptic 
equipment and sensors, in order to carry out augmented 
human sensing information and touch into the virtual class. 
The advantages of such a classroom will be the sustainability in 
many fields, such as Society, Education, Environment, 
Economics, Technology and Cultural Tourism. 
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I. INTRODUCTION 

Education is a wide sector where all the cutting-edge 
technologies could be involved. A new field of technology 
related to education is called “Smart Education”. This new 
domain relies on emerging technologies such as Internet of 
Things (IoT), Cloud Computing (CC), Wireless Sensor 
Networks, Big Data Analytics (BDA), Compressed Sensing 
(CS) and 5G Networking. The integration of these recently 
developed technologies can provide beneficial 
functionalities which can be applied generally in Education 
[1], and specifically in a classroom. A “Smart Classroom” 
can be established in a Wireless Network, in which multiple 
functions can operate simultaneously. 5G Technology can 
offer an efficient, safe and high-speed wireless network in a 
smart classroom. This could be also supported with the 
adaption of haptic equipment and 3D virtual services.  

The rest of the paper is organized as follows: Section II 
presents the related work in smart education, Section III 
analyzes the involved emerging technologies, Section IV 
describes our proposed approach for effective smart 
education, while Section V analyzes the sustainability 
impact of such a project. Finally, Section VI concludes the 
paper and gives some potential future directions. 

II. RELATED WORK 

There are many researches which have been conducted 
in the field of smart education in the last years. Moreover, 
some e-classes which make use of cutting-edge technologies 
have been developed. Although there are studies and 
proposals on Smart Education and various technologies 
have been used, it is fact that 5G Networking, which is the 
successor of 4G one, are not integrated yet in such a project, 
while the other cutting-edge technologies are not used all-in-
one together widely.  

An IoT-based smart classroom which uses Google 
assistant for primary and secondary education schools has 
been proposed by D. D. Borse and P. S. Patil [2] and 
promises improved teaching and learning experience. Li-
Shing Huang et al. [3] presented a context-aware energy-
saving smart classroom architecture for smart campuses, in 
which the application interfaces were implemented using 
Raspberry Pi. H. Bargaoui and R. Bdiwi [4] proposed the 
design of a gateway for ubiquitous smart classroom which 
enables teacher and students to have an interactional area 
where several devices, such as laptops, tablets and 
projectors are connecting through this gateway.  

In addition, F. Bouslama and F. Kalota [5] recommend a 
framework for modeling and understanding the way that 
student-centered smart classrooms can be designed 
effectively and flexibly with the collaboration and sharing 
information capture to take benefits of social networking. A. 
Kellerman et al. [6] present a smart whiteboard for 
interactive learning by using Nintendo Wii remote and PC 
suite, as a replacement of the traditional chalkboard, which 
makes viewing sessions at another time and place possible. 
S. H. Mun and A. H. Abdullah [7] present a study on the 
Use of smart boards in the education field which analyze the 
effects of them towards students’ attitudes and achievement 
from preschool to high school, and additionally to teachers’ 
acceptance, difficulties, challenges and perspectives on 
smart board use. 

Furthermore, C. Stergiou et al. [8] propose a high-level 
architecture of a modern, Smart, Interconnected and 
Interactive Classroom (SIIC) which outlines novel 
augmented and virtual services that can assist e-learning 
systems through virtual reality and real-time interactions. R. 
Bdiwi et al. [9] propose the integration of emerging 
technologies in the area of higher education, such as 
Information and Communication Technologies (ICT) and 
Radio Frequency Identification (RFID)-based indoor 
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positioning system, in order to examine students’ 
perceptions and the interaction of groups into this smart 
classroom.  

Moreover, W. Van De Bogart and S. Wichadee [10] 
present a study which focuses on students’ perceived 
effectiveness of educational technologies and motivation in 
smart classrooms. This research discovered that although the 
overall mean score of students’ perceived effectiveness of 
educational technologies and all items were at high levels, 
and the smart classroom is very efficient, the students had a 
moderate level of motivation. J. Yushendri et al. [11] 
designed the smart board system in ubiquitous computing 
for teaching and learning process, which expected to be 
achieved and implemented in the educational environment 
in the future, offering many advantages both for learners and 
lecturers.  

Finally, X. Zhong et al. [12] conducted research and 
practice on interactive teaching support systems in smart 
classrooms, which enhances teaching outcomes and 
supports educational model reform by diversifying 
instructional techniques.  

III. INVOLVED EMERGING TECHNOLOGIES  

There are some emerging technologies which can offer 
many advantages in the educational method. Such 
technologies are the following: 

A. Internet of Things (IoT) 

IoT is the new revolutionary network of connected 
physical objects and things, embedded with software, 
electronics, sensors and connectivity that enables them. IoT 
achieves a greater rate and service by exchanging data with 
manufacturers, operators and many other connected devices 
[13]. IoT can be widely used in the educational system so as 
to enhance the Quality of Experience (QoE) of both students 
and teachers. 

B. Cloud Computing (CC) 

As an emerging technology, CC integrates multiple 
technologies for maximizing the capacity and performance 
of the existing infrastructure [14]. Furthermore, CC is a 
technology that can be set as a base technology in the use of 
IoT too [15]. It provides computing, storage, services, and 
applications over the Internet to all the connected users.  
Some of the main features of the CC technology which are 
related to the characteristics of IoT include: a) Storage over 
the Internet, b) Service over the Internet, c) Applications 
over the Internet, d) Energy efficiency and e) 
Computationally capable [16]. CC can be used in education 
to provide many additional resources and assistant services.  

C. Wireless Sensor Networks (WSN) 

A typical WSN is a group of spatially dispersed and 
dedicated wireless sensors which are used for monitoring 
and recording the physical or environmental conditions of 
an area, such as temperature, humidity, sound, pressure etc. 
These sensors cooperatively organize and pass their 
collected data through the network to a main location [13]. 
This technology can be supportively used in education for 
courses from distance. 

D. Big Data Analytics (BDA) 

In modern telecommunication systems, BD usually uses 

CC as the main technology in order to operate [17, 18]. BD 

often refers to the use of predictive analytics or certain 

advanced methods to extract value from data. Rarely, it also 

refers to a specific size of data set [14]. Precision in BD 

could result in more confident decision making, and better 

decisions may lead to increased operational efficiency, 

reduced costs, and minimized risk [18, 19]. Big data 

analytics is the use of advanced analytic techniques for 
examination of large and diverse data sets which include 

structured, semi-structured and unstructured data, from 

various sources, and in various sizes, so as to uncover 

information which can help businesses make informed 

decisions. BDA could be a good method which can be 

applied in Smart Education for analyzing the collected data 

from the wireless sensors in the cloud server during an e-

course.   

E. Compressed Sensing (CS) 

Compressed or Compressive Sensing (CS), also known 

as Compressive or Sparse Sampling, is a signal processing 

method for effective acquisition and reconstruction of a 

signal with the use of solutions for underdetermination of 

linear systems. This technique follows the principle that, the 

sparsity of a signal can be exploited to recover it from far 

fewer samples than required by the Nyquist–Shannon 

sampling theorem, through optimization [20]. CS can face 
the Big Data challenges of huge storage and bandwidth 

costs in Smart Education.  

F. Artificial Intelligence (AI) 

Artificial Intelligence (AI) could offer new type of 

services that are based on the integration of Virtual Reality 

and Augmented Reality [21]. Virtual Reality (VR) is the 
interaction with the virtual world through haptic devices that 

can offer to the user the opportunity to see and sense things, 

objects, and places that are somewhere else or in another 

virtual world. On the other hand, Augmented Reality (AR) 

is a virtual world into the real world [22]. These 

technologies in combination with robotics can bring a new 

generation in the Education field.  

G. 5G Networks 

The 5G of mobile networks allows haptic applications to 
take life, in combination with the haptic data 
communication protocols, bilateral teleoperation control 
schemes and haptic data processing needed [23, 24]. 
According to the 5G White Paper, 5G quotes 300Mbps of 
downlink, 50Mbps of uplink, an end-to-end latency from 
10ms to less than 1 ms [25]. 5G is a new type of wireless 
network which provides all the benefits of its past versions 
and improves some issues which its predecessors had [19], 
[26]. By using this technology, we achieve a high 
transmission data rate, which is important for data sent by 
sensors. The transmission rate exceeds the value of 100 
Mbps or 12.5 MB/sec [27]. Therefore, data from students’ 
devices can be sent to the teacher’s device, such as exam 
answers, or more simple answers to questions put in the 
classroom at the time of the course [28].  

IV. PROPOSED APPROACH 

In this paper, we propose a novel Revolutionary 
Interactive Smart Classroom (RISC) which makes use of the 
most emerging technologies. Figure 1 depicts our proposed 
classroom in which students interact with the professor using 
wireless sensors, haptics and wearables. 



A. Description of the RISC 

Specifically, a data learning system will be settled in a 
classroom and operated in 5G Wireless Network. This type 
of network provides limited Internet access to the students 
and offers great safety of the sensitive personal data that are 
exchanged during the course. Moreover, in order to achieve 
the data learning scenario from all the processes and the 
interactions of the course, a Sensor Surveillance System will 
be installed. A Surveillance System has the ability to respond 
to an activity in real-time, by gathering the important 
information at much higher resolution [13]. The data from 
the various sensors will be transferred through the 5G 
network to a Cloud server, where all the valued information 
will be stored in order to be managed and studied at the end 
of the course. Thus, all the data stored in the Cloud server 
can be treated as large-scale data, known as Big Data (BD) 
[29].  

 

Figure 1. The proposed RISC project. 

Essentially, our contribution the “evolution study” that 
can be accomplished in the education classes by settling the 
proposed system framework of this work. Through the 
proposed network, the teacher can be easily connected with 
the students in an isolated and secure network, where they 
can interact with each other and exchange information during 
the course.  

More specifically, the objective of this proposal is the 
achievement of a better environment in the classroom with 
the use of multiple new technologies, and the ensuring both 
students and instructors of the ability to be more capable of 
learning and teaching respectively, more relevant and 
adaptive educational content through an easier, more fun 
and accessible way. This project is achieved by establishing 
direct networking of the teacher with the students’ devices 
and the ability to communicate through a network which is 
initialized by the teacher at the beginning of the course and 
closed at the end of the course by him/her. 

The proposed educational model will be pilot developed 
and tested in an experimental lab at the University of 
Macedonia for first time in Greece by using initially 4G 
networking in combination with the other emerging 
technologies, and then the proposed 5G adaption. The 
reason for this future upgrade is the fact that 5G Network 
provides higher downlink/uplink data rate (as it is 
mentioned in the previous Section) compared to 4G one, and 
a large connection density in a specific area. Furthermore, 
5G supports uninterrupted video streaming, simultaneous 

devices’ interoperability, and instant haptics reaction, and 
thus, it is suitable for our proposed interactive smart 
classroom. It is notable that 5G also offers low battery 
consumption, low latency and energy efficiency. 

Potential future directions include the release of a demo 
software version which will provide to the teacher the 
opportunity to establish a Local Wireless Network and its 
distribution to other teachers which are interest to adopt our 
proposed type of Smart Classroom.  

B. Methodology & Implementation Plan  

The implementation of the proposed RISC will consist 
of 3 components:  

a) A cloud computing Learning Management System 

(LMS) cloud server that will store real-time the 

different data of both the users and the sensors they 

use, from a set of haptic devices and interconnected 

sensors, over a local wireless network [30, 31].  

b) Appropriate data-transfer-application protocols will 

be designed and implemented.  

c) Connected components, such as haptic devices, 

virtual reality headsets and student sensors, will be 

located in the proposed class RISC, where tests of 

protocols and human-machine interoperability will be 

performed as a single set.  
The services that are planned to be tested and implemented 
as part of this project are: 

Virtual Classroom Service: This service will enable 
students to immerse themselves in an interactive three-
dimensional classroom environment from an artificial virtual 
display through the LMS. Interaction between members of 
the classroom will be possible with the use of haptic devices. 

Augmented Sense Service & Cognitive Service: The 
expression service will be supportive of the virtual presence-
order service. This service will provide real-time through 
EMG, temperature, and sweating sensors augmented 
information of the student's mental and psychological state. 
The use of sensor data, and the application of appropriate 
artificial intelligence methods, and data mining algorithms, 
will identify if the student is in the classroom, understands 
the course delivery, as well as his current perception and 
interest for the lesson. The service that implements the 
intelligent algorithms, it is the logging service of student 
status, and will be provided by the LMS [30, 31]. 

Position Service: This service will check the student's 
current position in the virtual classroom, based on a set of 
Wi-Fi/BLE transceivers (iBeacons) - indoor positioning, and 
a set of positioning algorithms which will provide accurate 
positioning of the student in the classroom.   

Touch Interaction Service: This service will provide the 
ability to visualize the touch using gloves fitted, with 
appropriate analog press force sensors and infrared 
transceivers. Thus, this service will be used to interact with 
the class of people with visual impairments as well as to 
enhance the students' experience through touch.  

3D Design and Modeling Service: This service will 
enable the student to have their own virtual lab where they 
can design objects using appropriate toolboxes. This service 
will enable the student through a 3d-scanner to be able to 
transfer real-world material to the virtual, while using 3D 
printers to implement virtual-world constructions [31]. 

Virtual reality recording service: This service will 
enable the audiovisual recording of the virtual classroom. 



Virtual reality on-demand replication service: This 
service will enable on demand playback, either in the real 
world of past virtual reality audiovisual material, recording 
service data, using a 3D projector, or via playback [31]. 

Student assessment/virtual lesson service: This service 
will use intelligent algorithms as well as clustering-
classification techniques, based on sensor data, to capture 
virtual classroom virtual information to evaluate students' 
response and overall performance in the lesson. Moreover, 
there will be the possibility of evaluating the lessons in terms 
of their completeness and the satisfaction of the virtual 
classroom audience [30, 31]. 

Through the proposed interactive classroom, the teacher 
will be able to connect and interact through the connected 
wireless devices (laptops, tablets, mobile phones) of the 
students and the interconnected sensors on them, via an 
isolated and secure network. Thus, students will also be able 
to interact with each other and exchange information during 
the virtual lesson. The main purpose of this work is to 
achieve a virtual-class environment, and interact with the 
real-virtual one, in which multiple interconnected new 
technologies are safely integrated and the quality of the 
services involved is ensured with low complexity and cost. 

The practical implementation of such an interconnected 
environment can be achieved by establishing a real-time 
networking of the teacher with his students’ devices. This 
requires the implementation of appropriate interoperability 
protocols, either at the application level (for each of the 
above services separately), or at the level of interoperability 
of sensor-systems and data transfer in the LMS [30]. 

The teacher will also have Internet access to the LMS of 
Virtual Context (LMSVC), where users’ data will be stored 
in real time during the lesson. The LMSVC will be 
implemented as part of the project, and it will include, in 
addition to the capabilities of the conventional LMS, virtual 
components, such as virtual documents, virtual 
announcements, virtual self-assessment exercises, virtual 
tasks and questionnaires, forum wiki etc. The services of 
conventional LMS will be provided offline (no real lesson 
required), where the student will be connected to the virtual 
reality headset, and will download documents via his/her 
personal tablet/computer, connected to the LMSVC outside 
the narrow confines of the room [31]. The virtual reality 
headset application and data transfer protocols, and the pilot 
Android application that will connect the student to the 
LMSVC will be implemented as part of the project. 

V. SUSTAINABILITY IMPACT 

The proposed classroom will create sustainability impact 
in many fields, as follows:  

A. Society 

The benefits for the society are many. First of all, disable 
students and generally students with special needs will be 
able to have access and understand more easily the courses. 
This opportunity will be also given to students in remote 
areas who cannot have easy access to the school, and sick 
students. In addition, children and youths will be attracted to 
this lab for experimentation, due to the new cutting-edge 
technologies. Schools and institutions may want to visit this 
lab, which will be an attraction for all the society.  

B. Education 

The new smart interactive classroom will offer many 
advantages in the educational system. The use of the novel 

educational methods and the emerging technologies will 
provide better quality of education and more enthusiasm for 
study which will help to widen pupils’ horizons. Moreover, 
the proposed classroom will attract researchers worldwide 
for various experiments to discover other unknown futuristic 
technologies. Our proposed model learning classroom may 
also have the potentials to become a paradigm for every 
learning institution of the future. 

C. Environment 

Our proposed scheme will present sustainability impact 
in the environmental field too. The courses will need less 
paper, which means less tree cutting, and therefore provide 
more oxygen in the atmosphere. Moreover, the courses will 
need less paper and stationery, which means less trash, and 
therefore a clearer environment. It is remarkable that 
according to the “State of the Global Paper Industry Report” 
in 2018, globally 400 million tonnes of paper production per 
year and a 26% corresponds to printing/writing. 

D. Economics 

Although the short-term budget, that is equipment 
supply, seems to be high, it is expected to be overcome 
soon, due to potential income from sponsorships, visiting 
fees and sell of innovative ideas developed within the 
classroom. In addition, it is fact that the less paper in our 
scheme means less paper buying, and therefore less 
economical cost. The project may be supported from 
potential sponsors from Greece or outside. There might be 
the opportunity for an institution or a company to use the 
lab, after some fee pay off, and hence profit for the 
owner/institution of the lab, which can be invested in other 
actions (e.g. technological equipment supply). 

E. Technology 

It is fact that 5G technology will be launched for first 
time in Greece, and can be adopted by mobile 
telecommunication companies in combination with the other 
emerging technologies. Therefore, our proposed lab may be 
established as a research center, and thus, it could attract 
researchers worldwide for various tests to discover other 
unknown futuristic technologies, which may lead to 
potential equipment upgrading in the long run. 

F. Cultural Tourism 

According to the United Nations World Tourism 
Organization (UNWTO), Cultural Tourism is defined as: 
“the movement of persons to cultural attractions in cities in 
countries other than their normal place of residence, with the 
intention to gather new information and experiences to 
satisfy their cultural needs”. The RISC may attract foreign 
schools and institutions for educational purposes, and thus, 
it is an excellent chance for them to explore the cultural 
heritage of Thessaloniki too. It is remarkable that 
Thessaloniki has a history of more than two thousand years 
and produces culture. It is very close to historic ancient 
cities, such as Pella and Vergina, which belong to the wider 
geographical and historical region of Macedonia in Greece. 
In addition, Halkidiki, an area close to Thessaloniki City, is 
a place with many beaches which attract a lot of tourists 
from all over the world every year, mainly in the summer. 
This means profits for Greek businesses and stores. The 
availability of airport, only a few kilometres outside the city 
centre, known as Thessaloniki International Airport 
"Macedonia", makes the accessibility to the city of 
Thessaloniki, easier and faster.  



VI. CONCLUSIONS AND FUTURE WORK 

A novel Revolutionary Interactive Smart Classroom 
(RISC) was proposed. This classroom makes use of all the 
available emerging technologies to offer new capabilities in 
the conventional educational system. The proposed 
laboratory class will be developed in an experimental lab at 
the University of Macedonia. The benefits are expected to 
be multiple in many fields, such as society, education, 
environment, economics, technology, and cultural tourism. 
Future work may include the integration of new educational 
methods for quicker and more effective learning by using 
additional sensors for psychometric tests for students and 
how they contribute in their attention to the lessons.  

REFERENCES 

[1] R. Yakoubovsky and V. Sarian, “IoT in Effective Distance Learning 
Process”, 10th IFIP International Conference on New Technologies, 

Mobility and Security (NTMS), pp. 1-4, Canary Islands, Spain, 2019. 

[2] D. D. Borse and P. S. Patil, "-“IoT Based Smart Classroom with 
Google Assistant”, International Journal of Control and Automation, 

Vol. 12, No. 5, pp. 226-237, 2019. 

[3] L-S. Huang, J-Y. Su and T-L. Pao, “A Context Aware Smart 
Classroom Architecture for Smart Campuses”, Appl. Sci. 9, 1837, 

2019. 

[4] H. Bargaoui and R. Bdiwi, “Smart classroom: Design of a gateway 

for ubiquitous classroom”, International Conference on Web and 
Open Access to Learning (ICWOAL), pp. 1-4, Dubai, 2014. 

[5] F. Bouslama and F. Kalota, “Creating smart classrooms to benefit 

from innovative technologies and learning space design”, 
International Conference on Current Trends in Information 

Technology (CTIT), pp. 102-106, Dubai, 2013. 

[6] A. Kellerman, N. Gurusinghe, T. Ariyarathna and R. Gouws, “Smart 
whiteboard for interactive learning”, IEEE International Conference 

on Industrial Electronics for Sustainable Energy Systems (IESES), pp. 
515-520, Hamilton, 2018. 

[7] S. H. Mun and A. H. Abdullah, “A review of the use of smart boards 

in education”, IEEE 8th International Conference on Engineering 
Education (ICEED), pp. 120-125, Kuala Lumpur, 2016. 

[8] C. Stergiou, A. P. Plageras, K. E. Psannis, T. Xifilidis, G. Kokkonis, 

S. Kontogiannis, K. Tsarava and A. Sapountzi, “Proposed High Level 
Architecture of a Smart Interconnected Interactive Classroom”, 

South-Eastern European Design Automation, Computer Engineering, 
Computer Networks and Society Media Conference 

(SEEDA_CECNSM), pp. 1-6, Kastoria, Greece, 2018. 

[9] Bdiwi, R., de Runz, C., Faiz, S. and Cherif, A. A., “Smart learning 
environment: Teacher’s role in assessing classroom attention”, 

Research in Learning Technology, Vol. 27, 2019. 

[10] W. Van De Bogart and S. Wichadee, “Students’ Perceived 

Effectiveness of Educational Technologies and Motivation in Smart 
Classroom”, TEM Journal, Volume 5, Issue 4, Pages 566-574, 

November 2016. 

[11] J. Yushendri, F. Rindani, A. A. Cristhian, Rustamin and R. Dewi 
Agushinta, “Design the Smart Board system in ubiquitous computing 

for teaching and learning process”, International Conference on 
Science in Information Technology (ICSITech), pp. 89-94. 

Yogyakarta, 2015. 

[12] X. Zhong, H. Li, J. Xu and S. Song, “Interactive teaching support 
systems in smart classrooms: Research and practice”, 12th 

International Conference on Computer Science and Education 
(ICCSE), pp. 9-11, Houston, TX, 2017.  

[13] V. A. Memos, K. E. Psannis, Y. Ishibashi, B-G. Kim and B.B. Gupta, 

“An Efficient Algorithm for Media-based Surveillance System 
(EAMSuS) in IoT Smart City Framework”, Future Generation 

Computer Systems, Volume 83, Pages 619-628, 2018. 

[14] S. Jeon, J.-S. Han, R. Shrestha, S. I. Park, H.K. Mok, H. M. Kim and 
J.-S. Seo, “MIMO Cloud Transmission Based on BICM-ID for High 

Data Rate Local Contents Delivery”, IEEE Transactions on 
Broadcasting, vol. 61, issue: 4, pp. 580-589, December 2015. 

[15] X. Wei and L. Wu, “A New Proposed Sensor Cloud Architecture 

Based on Fog Computing for Internet of Things”, International 
Conference on Internet of Things and IEEE Green Computing and 

Communications and IEEE Cyber, Physical and Social Computing 
and IEEE Smart Data, pp. 615-620 Atlanta, GA, USA, 2019. 

[16] C. Stergiou, K. E. Psannis, B.-G. Kim and B. Gupta, “Secure 
integration of IoT and Cloud Computing”, Elsevier, Future 

Generation Computer Systems, December 2016. 

[17] A. P. Plageras, C. Stergiou, K. E. Psannis, G. Kokkonis, Y. Ishibashi, 
Byung-Gyu Kim and Brij Gupta, ”Efficient Large-Scale Medical Data 

(eHealth Big Data) Analytics in Internet of Things”, in Proceedings of 
19th IEEE International Conference on Business Informatics 

(CBI’17), Thessaloniki, Greece, 24-26 July 2017. 

[18] M.-P. Hosseini, D. Pompili, K. Elisevich and H. Soltanian-Zadeh, 
“Optimized Deep Learning for EEG Big Data and Seizure Prediction 

BCI via Internet of Things”, IEEE Transactions on Big Data, vol. 3, 
issue: 4, pp. 392-404, December 2017. 

[19] Y. Wang, D. He, L. Ding, W. Zhang, W. Li, Y. Wu, N. Liu and Y. 

Wang, “Media Transmission by Cooperation of Cellular Network and 
Broadcasting Network”, IEEE Transactions on Broadcasting, vol. 63, 

issue: 3, pp. 571-576, September 2017. 

[20] S. Narayanan, Y. R. T. Bethi and C. S. Thakur, “A Compressive 
Sensing Video dataset using Pixel-wise coded exposure”, Preprint in 

Computer Vision and Pattern Recognition, July 2019. 

[21] C. Stergiou, A. P. Plageras, K. E. Psannis, B. B. Gupta, “Secure 
Machine Learning scenario from Big Data in Cloud Computing via 

Internet of Things network”, Springer, Handbook of Computer 
Networks and Cyber Security: Principles and Paradigms, Multimedia 

Systems and Applications, 2019.  

[22] A. P. Plageras, C. Stergiou and K. E. Psannis, “Internet of Things for 

Healthcare: Challenges & Perspectives”, International Conference in 
International Conference in New Technologies in Health: Medical, 

Legal and Ethical Issues, Thessaloniki, Greece, 21-22 November 
2019. 

[23] V. A. Memos, G. Minopoulos and K. E. Psannis, “The Impact of IoT 

and 5G Technology in Telesurgery: Benefits & Limitations”, 
International Conference in New Technologies in Health: Medical, 

Legal and Ethical Issues, Thessaloniki Greece, 21-22 November 
2019. 

[24] K. Antonakoglou, X. Xu, E. Steinbach, T. Mahmoodi and M. Dohler, 

“Toward Haptic Communications Over the 5G Tactile Internet”, in 
IEEE Communications Surveys & Tutorials, vol. 20, no. 4, pp. 3034-

3059, 2018.  

[25] NGMN Alliance, “NGMN 5G White Paper”, 
https://www.ngmn.org/uploads/media/NGMN 5G White Paper V1 

0.pdf, February 2015. 

[26] I. Kakalou, K. E. Psannis, P. Krawiec, R. Badea, “Cognitive Radio 
Network and Network Service Chaining toward 5G: Challenges and 

Requirements”, IEEE Communications Magazine, vol. 55, issue: 11, 
pp. 145-151, 2017. 

[27] G. Minopoulos, G. Kokkonis, K. E. Psannis and Y. Ishibashi, “A 

Survey on Haptic Data Over 5G Networks”, International Journal of 
Future Generation Communication and Networking, vol. 12, no. 2, 

pp. 37-54, June 2019.  

[28] H. Lin, S. Xie and K. Cai, “Construction of Classroom Teaching 

Model Based on the 5G Communication Technology”, IEEE 
International Conference on Smart Internet of Things (SmartIoT), pp. 

393-396, Tianjin, China, 2019. 

[29] T. Wang, Y. Li, G. Wang, J. Cao, M. Z. A. Bhuiyan and W. Jia, 
“Sustainable and Efficient Data Collection from WSNs to Cloud”, in 

IEEE Transactions on Sustainable Computing, vol. 4, no. 2, pp. 252-
262, 1 April-June 2019. 

[30] Tomtsis D., Kontogiannis S., Kokkonis G., Kazanidis I. and 

Valsamidis S., “Proposed cloud infrastructure of wearable and 
ubiquitous medical services”, in Proc. Of the 5th Internation 

conference on Digital Information Processing and Communications 
(ICDIPC), IEEE proceedings, pp 213-218, 2015. 

[31] Gounopoulos E., Kontogiannis S., Valsamidis S. and Kazanidis I., 

“Blended Learning Evaluation in Higher education courses”, 
KnowledgeE, Vol. 1, No. 1, pp. 385-399, 2017. 

 


