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Abstract

Smart education in universities can be realized with a comprehensive use of IT
infrastructure, various systems that are implemented to run this can take priority of the cloud
computing and Internet of Things (loT) and. Resulting in the need for connectivity into 10T
gateways and nodes, as well as implementing an architecture that does not only rely on
communication coverage via wireless, but needs to reduce energy consumption in order to save
IoT node batteries to maximize performance. The use of such an architecture must prioritize
blockchain technology that can provide security, accountability, and data transparency that can
be managed by universities. This article discusses the key to early adoption of technology that
can develop smart learning with smart learning. After the characteristics of the smart education
or university are determined, then the details of the latest communication technologies that are
most relevant to the smart education application can be analyzed. In addition, higher education
requires learning about the use of blockchain. Therefore, this article will provide useful pointers
in planning smart education development, as well as responsible and intelligent developers in
the next generation.

Keywords: Smart education, blockchain, smart university, edge computing, teaching and
learning

1. Introduction

The infrastructure of the Internet of Things (IoT) which is managed by smart buildings,
smart cities, and smart homes seems very suitable if applied to these smart learning in
universities with the aim of being able to interact with sensors and actuation systems[1] [2].
Resembles a smart city, but different from smart homes and buildings, smart learning prioritizes
communication in a wide area, because the campus area in which the total area can reach up
to thousands of square meters. For example, the article writing university (Universitas Raharja,
Indonesia) [3]. This area is still very minimal compared to the largest universities in the world
such as: University of California (Los Angeles, America) was deployed in 1.7 km2, University of
Oxford (Oxfordshire, England) covers 45,59 km2, University of Chicago (Chicago, lllinois, United
States) occupies 217 acres (1,1 km2). This figure means [4] that smart learning must implement
a specific remote communication infrastructure that is connected from inside or outside the room
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to the applied loT gateways, actuators and sensors, and supervise reduced energy consumption
so that lIoT node battery life can be optimized so that it lasts a long time.

A smart education can be managed with a strategic plan (key commitments and priority
frameworks). This has an impact, campuses implement various actions by releasing various
resources (for example, regarding application services, digital transformation, facilities,
educational programs, innovation, and human resources) with the aim of being fundamentally
designed to meet the needs of their institutions [5].

Driven by the vision and mission and core values it can be used as a strategic campus
plan (more details in section 2). For example, several universities around the world have agreed
to make a real contribution to the United Nations Sustainable Development Goals (SDGSs) [6].
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Figure 1. The Sustainable of Smart Education

Resembling a smart city, the services provided by a smart university must be tailored
to the needs of the university (such as network services, transportation services, guidance
applications, resource consumption efficiency). Apart from that there are several applications
that must be specialized in the university environment such as services to analyze their
attendance data in lectures and the behavior of students in each lecture activity
The most relevant differences in architecture and technology regarding smart cities can be
applied to smart learning:

Homogenic. The application of certain technologies along with certain architectures can
be applied to smart learning without any complexities, whereas in smart cities they have to deal
with heterogeneity which requires complex solutions to be able to integrate them with many pre-
existing computing systems.

Infrastructure governance. Usually in smart learning the things related to infrastructure
are managed by themselves (i.e., universities), and this makes it easier to deploy
communication infrastructure or anything else needed compared to smart cities.Meanwhile,
almost all cities have large areas which are managed by private management who do not
cooperate with the city government, making it difficult to deploy infrastructure due to the different
needs of each person.

Smaller scale. Previously it was mentioned that many campuses have a very large size,
although some are not as big as cities, many universities are located in cities and have their
own buildings within the city. With the size not too large, it is possible to apply communication
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technology that does not require a very far range. At the same time, the equipment used is much
less than smart cities, architecture can be minimized so as to avoid complexity, which usually
leads to more development costs and reduced response time.

Studying specifically about the differences in architecture and technology that have
been previously mentioned can be used as materials to be able to develop smart learning [7].
In contrast to the previous review of smart learning, introduced as a systematic literature review
[8] focusing on identifying specific concepts [9], or promoting specific technologies, Through an
analysis of its application, this article can provide a holistic view of the presence of some of the
latest technologies that will be designed for the development of smart learning.

Determination of characteristics is the main thing in order to be able to detail all the
communication architecture needs to be built from cloud-based which is still traditional and to
include the latest technology based on edge computing, implementation of blockchain in
architecture can provide cybersecurity and transparency for smart learning, taking the
characteristics of the smart university that is most relevant is taken for analysis, the
implementation of a smart university can be calculated based on the running of the application,
Learning the latest communication technology to be applied outdoors and indoors in smart
learning.

The subsequent compilation of this article is as follows. Part 2 will discuss the concept
of a smart university and its main features. Part 3 will discuss the potential of blockchain
technology in building and deploying higher education applications in smart learning. Section 4
will discuss breakdown of architecture in the field of communication for smart learning. Section
5 will describe the most relevant smart university implementations, focusing on The main
application they have developed and communication technologies. Section 6 will discuss the
future challenges that will be faced by the developers involved in building a smart university.
Finally, section 7 contains a conclusion.

2. Research Method

The term smart university is not new. The clever term university has been used in
ancient times to pioneer an online digital platform to manage the university context [11], or a
series of efforts to improve the quality of intelligence of students[12]. But this article focuses on
hardware and software with the aim of providing advanced services to all university students
and staff. Another point of smart university refers to developing tools that are meant to fulfill the
mission of the university.

e The processes in learning, teaching And those involved in all assessments in the higher
education system will be upgraded regularly.

e Developing the latest research and innovation.

e Emphasize communication-based knowledge sharing and a shared vision as university
stakeholders (for example students, teachers, non-profit organizations, administration and
government).

This point can allow the distinction between a smart university and a smart city from the
concept. Despite the fact that a smart university is similar to a smart city in terms of management
procedures, which refers to the six smart points [10]:

e Smart people. The involvement of university users is very much needed in terms of
teaching and learning and at certain events.

e Smart management. Allows students and university staff to participate if joint decision-
making is needed or make joint decisions at certain universities.

e Smart atmosphere. Developing an environmental sector with smart solutions to manage
available resources in a sustainable manner where the energy produced will be distributed
to universities

e Smart entrepreneurship. This field will create productivity and innovation which will be
implemented in universities.

e Smart activity. All activities can be monitored from various life factors, including in terms of
health, behavior and safety.
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e Smart movement. On the issue of smart learning, this field discusses the best solutions
related to the application of systems in universities such as available transportation,
environmentally friendly, efficient, and providing smart services.

In summary, Figure 1 describes the main technology smart learning arrangement. The
inner circle represents the six smart points discussed previously. The second part of the circle
makes the solution of the most relevant and needed technology that is considered to provide
the best solution, namely (Unmanned Aerial Vehicle), Augmented Reality (AR), Cyber-Physical
Systems (CPSs), and loT. Some of these technologies are also in accordance with the needs
of industry 4.0 [14] today, so that their distribution can be done commercially [15]. Cybersecurity
also affects the aforementioned technologies as it plays a key role in eliminating potential
problems[16]. And the outer and final circle embodies a smart area that can be done in a smart
university. Such as, plug-and-play smart object [17], multiple sensors to be applied to a particular
smart building [18]. And add a field in the agricultural sector devoted to those growing certain
crops with autonomous decision support systems as an aid

Locaten sereee

Figure 2. Main fields and technologies of a smart campus.

2.1 Blockchain for Smart Education in Universities

Architectural enhancement considerations for both academics [19] [21] and public
entities have been previously described using Distributed Ledger Technology (DLT) which is
like blockchain [22]. Because it has the ability to exchange data for entities that do not
necessarily have a sense of trust in each other, this technology [23] is very suitable to be
implemented into a smart learning model at universities [24] [25]. Besides its great use in
blockchain data exchange, it is also able to improve the quality of smart university applications
because it is able to provide transparency, privacy, security, and data immutability[26].
Decentralized Applications (DApps) based on Peer-to-Peer transactions are also very possible
to be developed again using blockchain, through smart contact processes can run automatically
and there are also pieces of code autonomously [27].

The rise of blockchain platforms like Bitcoin[28], Etherum [29] , Hyperledger Fabric, can
be used in a wide variety of practical applications [30]. However, behind the advantages there
is also a drawback where blockchain is not the best solution for an application that a reliable
data exchange process. Many cases involve several smart applications whose implementation
uses a private network [31], simply by using a traditional database it makes the transaction
process run much faster than blockchain [32].

Decision frameworks are needed by developers to determine whether technology such as
blockchain is necessary or not [33], such as transparency of transactions, lack of trust between
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entities (respect for governments or banks), and cybersecurity (protection from Denial-attacks)
of-Service (DoS)).

Because of the benefits of blockchain that have been discussed previously, the author
proposes the use of this blockchain so that it can be applied to a smart learning model in
universities. Moreover, blockchain has and has been suggested because it can manage digital
copyright information [34], guarantee the authenticity of education certificates [35], verify
learning outcomes [36], and increase e-learning interactions [37].

2.2 Building A Smart Learning

In general, the previous authors who have discussed smart learning can be categorized
as Service Oriented Architectures (SOA) [38] which focuses on two main areas, namely 0T and
cloud computing[39] [40] which in the process of collecting the analysis process is assisted by
Big Data [22]. Intelligent education has referred to cloud computing [41], with services provided
by Microsoft (Microsoft Azure) and the COTS hardware the authors deploy the education
platform [42] [43]. So that the proposed use of 10T can make it easier in terms of architectural
deployment, monitoring area access control, monitoring learning applications, and applications
to manage all available resources [44].

Some of the researchers who focus on the field of smart education have also proposed

alternative paradigms for creating smart learning. For example, author [45] suggests data
sharing services without infrastructure. A major update that can be proposed is a floating content
node, which can generate data and be shared between users within its area. Other development
proposals have been carried out, such as increasing security [46].
The architectural update on smart learning has adapted to various types of use of edge
computing paradigms, which have been implemented previously in several other smart services.
With the core capabilities of edge computing, it is possible to transfer some of the processing
tasks that occur in the cloud, and delegate these tasks to so-called edge devices [47]. Thanks
to this advantage the latency response can be minimized while the service can be location aware
[48].

The applicant, the author, makes use of blockchain technology to be able to develop
their smart learning architecture [49]. Providing services related to bandwidth allocation and
content cache can be focused on these devices [50]. Resembling that presented in, the
researcher builds intelligent learning services through edge computing devices that are typed to
street lights.

Details in the development work [51] [52], the author gives the idea of an intelligent
learning platform called WiCloud which refers to mobile edge computing, which allows to access
platform servers via mobile base stations or wireless access points. Finally, the application of
the smart learning model presented in [53] [55], can take advantage of the fog computation node
to provide a memorable experience for users
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Figure 3. smart education In University
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3. Result and Discussion

In the literature, there are still few papers that describe the description of intelligent
learning. In particular, smart learners can involve many projects that are run on an open data
platform such as using collaborative WiFi.[56] Likewise, in[57] the author describes intelligent
learning with cloud computing, SOA, and IoT which is managed at the Moncloa International
Excellence Campus of Universidad Politécnica de Madrid (Spain). Smart learning is also
described in [10], where the author proposes an innovation based on lIoT and cloud computing
to be applied to the Wuhan University of Technology (China) which is intended to support
various applications.[58]

Several campuses around the world have also implemented 10T as the key to their smart
learning such as the West Texas A&M university[59]. The smart learning that is being carried
out focuses on building smart infrastructure as well as the automated intelligent parking system
that has been implemented. Another example of a university that has implemented smart
learning is the University of Birmingham City (UK), where the main goal is to build a smart
architecture that is flexible and scalable.[60]

(a). Smart Education and University Applications

e Intelligent network and energy monitoring. This application is used to control the
generation, distribution and consumption of resources from the available campus energy.
In recent years, many of the authors' research has focused on smart [61] networks, and
smart energy systems[62].

e Efficient consumption of resources. The use of resources can be monitored through special
systems to review how much waste[63], water management, and other solutions that aim
to maintain sustainability [64].

e Building monitoring and infrastructure control. The biggest asset in the context of intelligent
learners is the state of the infrastructure that is maintained, and can be controlled from
anywhere. For example air conditioning systems, university ventilation [65]. Or automate
infrastructure through Unmanned Air Vehicles (UAVS).

e Green area monitoring. Monitoring of tree health around the campus can be remotely
through an IoT sensor-based system [66].

e Behavior monitoring and user manager. Analyzing the behavior patterns of smart education
infrastructure and service users can be optimized. For example, user activity, mobility
patterns, or social interactions can be determined via smartphone applications, by
monitoring communications via WiFi or through media data collection from smartphone
sensors, wearables, or even clothing.

e Context sensitive guides and applications. These applications often rely on sensors and
rely on actuators that have been scattered throughout the campus so that they can help
people by providing useful contextual information and indications of how to achieve their
goals. For example, there is interesting research on guidance systems to assist people with
visual and hearing impairments [67] to navigate the campus [68]. There is also an
augmented reality application that aims to provide relevant contextual information on
campus or that is able to guide users through it

e Attendance in class. More sophisticated student monitoring has been proposed, which
takes advantage of loT and intelligence to control and monitor student attendance in class
[69] and provide them with access to sports facilities.

e Smart health monitoring. Some of the newest applications can be aimed at the health world
which can monitor the user's health in real-time [70] or to measure the stress level of
students[71].

e The Teaching and Learning application technology embedded in a smart education is used
to help students carry out the learning process through their cell phones [63] By carrying
out this process, students can have an effective and efficient learning and training
experience so that it can be done easily [68] ]. This application can also provide the
possibility that teachers can use these learning services through a sophisticated online
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platform, so that they can apply new paradigms such as the Classroom application [69] or
amplification.

(b). Communications Technologies

In the past, researchers have applied a wide variety of technologies to connect remote
IoT nodes with smart learning applications [72]. This kind of technology can be very hampered
if used in an environment that contains a lot of metal, because it can affect the propagation of
signal strength [74].

Example, instructional media design using ZigBee in short to medium distance
communication efforts. But from that the ZigBee node functions as a relay, therefore the
information that can be exchanged can cover a considerable distance
For example in [75], the proposed blockchain-based smart learning design is due to the
transparency of information that can be seen directly and also interconnected. In smart learning,
the application can be used indoors or outdoors, but the application has its requirements [76].
the most significant difference is that indoors, 10T nodes can usually be powered via the power
grid and can use a fixed communication infrastructure (eg, Ethernet, WiFi access points) [77].
However, if you are outdoors, 0T nodes are more dependent on batteries and need to exchange
data over relatively long distances (at least several hundred meters, up to 2 kilometers) Wifi
which has the IEEE IEEE 802.11 a/ b/ g/ n/ ac standard is one of the technologies that is
highly incarnated to support intelligent learning in terms of connectivity [78]. In addition, a
Bluetooth Beacon is also one that could be suggested to support this intelligent learning [79],
but it is often restricted to indoor environments due to dense network deployments and complex
network management [80]. The popularity of cell phones as the main telephone communication
medium (ie, 2G / 3G / 4G) is highly recommended for providing intelligent learning services [81].
The use of 5G technology [82] is also expected to be able to provide communication services
quickly and reduce response latency in smart learning applications [83].

In intelligent learning short distance communication can also be useful. For example,
an ANT transceiver for monitoring performance developments [84]. Table 1 compares the most
relevant communication technologies for use in smart learning solutions. The table also shows
whether the references provided detail the network planning of the proposed solutions and, as
can be observed, only a few works provide details about them.

Technology |Data Main Features Frequency [Maximum |Typical Smart
Rate Band Range Education
Application
Wi-Fi  (IEEE|up to 440|High power (battery can last|2.4-5 GHz |<150 m Internet
802.11b/g/n/a |Mbit/s for hours), high speed, can broadband
c) (one be located everywhere access
stream)
ANT+ 20 kbit/s |Consumes quite low power, 2.4 GHz |<30m Health and sport
around 63,440 nodes performance
monitoring
HF RFID <640 Inexpensive cost, generally|3-30 MHz|a few|User and asset
kbit/s does not use batteries (13.56 meters identification for
MHZz) access control
and payments
Bluetooth  5{1360 Monitor from user flow|2.4GHz |<400m |Low power
LE kbit/s power, positioning, (batteries  last
telemetry, guidance from days to
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NB-loT <250 Low power and has a great|LTE <35 km loT applications
kbit/s distance frequencie
S
DASH7/ISO |27.8 Has a fairly low power (the|315-915 |<10 km Item, vehicle
18000-7 kbit/s battery can last from|{MHz and user
months to years) tracking
ZigBee, 20- 250 |The power used is so low|868-915 [<100m |Wireless sensor
. that the battery can last forMHz 2.4 network
Kbit/s months or even years), up|GHz applications,
to 65,624 nodes home
automation and
smart  building
applications
Wi-Fi 100 kbit/s|Low power 868-915 |<1km 0T applications
HaLow/IEEE |per MHz
802.11ah channel
LoRa, 025-50 |low power consumption, Different |kilometers|loT applications
LoRaWAN ' has a long coverage area |Industrial
Kbit/s Scientific
Medical
bands
LF RFID <640 Low cost, and no need to | 30-300 <10 cm | Access control
kbit/s use batteries KHz (125 systems, asset
KHz) tracking
NFC 424 kbit/s| Low cost, and no need to |13.56 MHz| <20 cm User access
use batteries control and
payments
WirelessHAR [250 kbit/s Compatibility with the 2.4 GHz <10 m loT sensing
T HART protocol applications

Table 1. Most relevant communication technology

(c). Hot Research Topic

Since repeated testing of keywords can easily and precisely describe the research
space and central substance of a particular subject, this paper then builds several event
organizations with keywords, generally laying out the field of blockchain research. As shown
in Figure 4,5,6 with detail Figure 4 shows Network Visualization, Figure 5 shows Overlay
Visualization, Figure 6 shows Density Visualization, this information space map is based on
titles and abstracts where the author has conducted research from 1000 block chain papers.
, plotted using VOSviewer programming (border settings: check type: title and abstract fields;
calculation technique: binary counting; choose threshold: 7 Occurrences; hub type: block

chain).
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Figure 4. Network Visualization.

Based on Figure 4, there are 4 clusters marked by red in cluster 1, green in cluster
2, blue in cluster 3 and yellow in cluster 4. From these data, clusters 1 and 2 have the most
items than the other clusters. others, but cluster 4 has items that seem to dominate compared
to the others, namely education takes a fairly large role and has 12 linkages with other
clusters. This shows that education can now be accompanied by the presence of this
blockchain technology which will make the world of education even more rapid and
sophisticated.

edWon

consortium blockchain

blodkchain architecture blockchaii@pplicatioft blockehain adoption

blockchagresearch

blockehaingramewock

& VOSviewer [
90 20192 20194 20196 20198 20200

Figure 5. Overlay Visualization

Figure 5, explains how the time of the research was carried out. The 901 papers that
the authors have collected were published in 2019 to 2020 so that a value range between
2019.0 to 2020.0 is created which describes the year of research In 2019, which is depicted
in blue, there have been articles discussing the relationship between blockchain and
education but it is still in a small scope, the middle of the year marked in green is increasingly
emerging research on blockchain technology which is increasingly specific in discussing
other functions that can be used. take advantage of this blockchain technology, and in 2020
which is marked by yellow then research will appear on the adoption of blockchain which
summarizes previous research, but this is still not much, therefore the author wants to
contribute to increasing research on education that utilizes this blockchain technology.
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Figure 6. Density Visualization

Figure 6 shows the results of research on how many topics are discussed, the more
yellow they will be. From these data it can be concluded that the blockchain topic is still less
attractive with the least yellow color scale it has, education is still the main topic in the topics
discussed, this is what makes the author increasingly challenged to make research on the
relationship of education that can be developed again using This blockchain technology
remembers its extraordinary abilities but is still rarely explored by many people.

4. Conclusion

This article discusses how the current role of technology can have a major impact
on the world of education in realizing the concept of intelligent learning. After analyzing
various methods of other universities in carrying out intelligent learning, the potential for IoT,
blockchain, architecture, and the latest communication paradigm can be used as a solution
to build an intelligent learning application. Lastly, the main challenges that can be listed are
for future university planners, 10T vendors, and developers for the next generation of
intelligent learning.
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