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Libraries, Geographical Information Systems

° Networking:
Advanced Computer Networks, Internet Technology and Applications, Distributed Systems,
Wireless and Mobile Computing, Data Compression, Network Security, Enterprise Networking,
Digital Communications

° Programming:
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Programming for the WWW, E-commerce, E-Learning, Content Management Systems, E-
Government and E-Service

° Multidisciplinary:
Bioinformatics, Biomedical Information Systems, Nano Technology

o e-Business and m-Business:
e-Business Process Aspects, Intelligent e-Business System, m-Business, e-Supply Chain
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10T system architecture, IoT enabling technologies, IoT communication and networking protocols
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healing/monitoring, Service level agreements, integration, management.

. Fintech and blockchain:
Development of Blockchain Security Enhancement Technologies, Platform Technology that
Supports Safe Transactions, Financial and Economic Structures, Blockchain's Impacts on
Workstyles, Fast Fintech for Smartphone Application Service Platform.

(Publication Charge: Free)

The template for writing the journal is available for downloading (jist_template_eng-2020.doc or jist template_ thai-2020.doc). Minimum length of the paper
should be in between 6-16 pages of A4 size. Text should be typewritten or printed with double-spaced in 11-point of A4 white paper with margins of 1.5" for top,
1.25" for left, and 1" for bottom and right sides. All pages must be numbered sequentially. Here are some guidelines.

. Abstract with length 100-200 words in length.

. Introduction which discusses existing problem and related research

° Materials and methods used for experimentation, Results of the experiment, Discussion and conclusion, References Style is [EEE.
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Creating 2D Animation Cartoon on
the Benefits of Vegetable Colors for the Children aged 7-15
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Computer Technology and Digital Industry Program Of

Faculty of Industrial Technology Nakhon Si Thammarat Rajabhat University

\ Received: August 14, 2020; Revised: January 19, 2021; Accepted: February 04, 2021; Published: February 09, 2021 /

ABSTRACT - The research objective was to design and develop 2D animation cartoons
about the benefits of vegetable colors. The perception and satisfaction of the sample
group towards the educational animation were assessed. The subjects were 90 students
from patomsuksa S5 at Nakhon Si Thammarat Rajabhat University Demonstration
School. Techniques used for creating the animation were drawing cartoon characters,
drawing background scene, creating characters to be animated and adding sound
effects. The research tools consisted of 2D animation applications, learning evaluation
forms, a questionnaire on the satisfaction of the viewers towards the 2D cartoon
animation. The results revealed that 1) the 2D animation on the benefits of vegetable
colors consisting of the content on the benefits of each color of vegetable and the
consequences of not eating vegetables, 2) the overall perception of the viewers was at
high level, and 3) the overall satisfaction of the viewers was at high level. Thus, this 2D
animation can be used as a digital media to enhance nutrition knowledge and positive
attitudes of the children vegetable consumption.

KEY WORDS: 2D Animation Cartoon, Benefits of vegetable colors, Children, Educational
animation, Digital media
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ABSTRACT - A subjective or written test is a type of test that allows learners to demonstrate
better than other forms of thinking, ideas, analysis and synthesis of knowledge gained from
learning. An efficient, automated subjective answer scoring system can reduce errors, injustice,
fatigue and the inaccuracy in examining the exam. This paper presents the development of an
automated scoring system for subjective answers for the secondary school level on the Internet
to support teachers with the need to create content-based and appropriate subjective exams,
and automatically score subjective answers. This system uses a Full-text Search technique and
PHP Similar Text functions, and is used for testing in secondary education school 1) Kunnatee
Ruttharam Witthayakhom School, Bangkok 2) Mueng Nakhonnayok Schook, Nakhonnayok be
under Office of the Basic Education Commission. The test results showed X = 4.32 that the
teachers were satisfied with the results of the grading system at the good.

KEYWORDS: Automatic scoring system, Subjective exam, Assessment measurement, Secondary
education, Full-text search technique
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ABSTRACT - The internet of things (IoT) has the potential to create massive disruptions in
telecommunications, cable broadband, cloud computing, and the architecture of related IoT
objects etc. However, currently it is no standard IoT architecture for the integrated IoT
components which operate together perfectly. There are many existing IoT architectures in the
industrial and commercial fields, but the design depends on the owner’s direction without
defined standardization. This paper analyzed the existing of IoT architecture layer focusing on
the responsibility of each layer, then classified the layer architecture based on IoT reference
model. Finally, the improved generic layer model of IoT architecture which provided a
guideline framework to achieve the modeling of IoT industrial architecture based on layers-
model was proposed.

KEYWORDS: IoT architecture, Improved loT Layer, Analyze architecture, Responsibility of IoT
Layer

1. Introduction architecture. Section 4 provides an approach to
analyze the IoT architecture layer, Section 5 presents
the improved generic layer model of IoT architecture.
Section 6 presents modeling the existing IoT
architecture with proposed model. Finally, the
conclusion is explained.

Currently, there are reference models of IoT
architecture in different industries such as Intel,
Microsoft, Cisco, Google, IBM, Ericsson, Amazon,
etc.[1], which have been designed on their own
direction, and no core standardization for architecture
layer models. Due to the lack of general guidelines of
frameworks that handle low level communication and 2. Related Work

simplify high leve! imp lementa.ltion,it Can?“’t b'ring the There is no single consensus on architecture for
success of - the 1mp1eme':ntat1(?n on leel‘Slty. T internet of Things, which is agreed universally.
system, under the processing with high complexity of  pyjperent  architectures  have  been proposed by
dlStrllbUtedh computlng.h.So, many resle.archers 1Y 10 Gifferent researchers. Many researchers introduced the
deye op the II?Td are 1tec£ure modedmg .based .fczn most basic architecture which is a three-layer
Varlllqus met 01 S suel f as hlomaln-spem 12:1 architecture. It an early stage of research in this area.
architectures, ayer-spectfic — architecture,  an It has three layers, namely, the perception, network,
1ndustrlgl or commercial e.lrchltectures[10], based on and application layers. The limitation of 3-layer is not
the application of requirements and current layer for business[2], absence of application layer

technologles,also the cgns(lider'atlorg 7 Oé dthe security etc.[10] So, the researchers proposed a new
environment surrounding the devices[6][7], based on . pitectyre to solve the 3-layer issues and develop for

on TCP/IP protocol stack [3], based on layer model the next generation. The authors has reviewed the

[1].’ b.a sed on new teghnology[Q] ete. ,A“ of the research papers of IoT architectures, starting from
objectives of those architectures were to improve the four layers to eight layers as follows:

architectures with new solutions to mitigate IoT | Bozdogan and Kara[3] proposed a layered
challer}gf:? such as .§calab111t}.1, 1ntero.perab111ty, structure for internet of things (IoT) architecture by
extensibility, manageability, security and privacy etc.  oopidering the computer network’s conventional

The remaining paper is organized as follows:  mode] that included new technological aspects. The
section 2 presents the related work, section 3 analyzes  pew [oT layered architecture consists of four layers:
the responsibility of each layer for existing IoT  perception layer, network layer, transport layer and
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application layer. The reason for improving the layer is
that there are several studies about IoT technology, but
there are no studies regarding the accepted standard of
layered architecture models. In this study, a new
layered model was proposed for IoT architecture. The
proposed model was compared with the conventional
OSI and TCP/IP models.

e Vashi et. al.[4] explained that the IoT architecture
in smart world consisted of five layers: perception
layer for collection of information, network layer,
processing the data and information collected is sent to
the middleware layer using this network layer,
middleware layer, received and processed data and
information. Application layer is responsible for
application management based on the processed
information in the middleware layer, and business
layer for support the business model.

e Burhan et. al.[5] proposed the improved layered
architecture of loT. Because the first three-layer
architectures of IoT are not suitable for IoT
application, although they have some common
features. They do not fulfill the requirements of
security and privacy and are affected by numerous
security attack, to overcome the issues of security,
casily and smoothly extended to basic function with
little impact on existing layered architectures of IoT to
enforce the security attacks and prevent IoT
applications from attackers. The six layers are
improved, and consist of application layer, network
layer, security layer, processing layer, observer layer,
and perception layer.

e Dina[6] and Rashmi[7] proposed an improved
architecture to the internet of things (IoT) that takes
into consideration the environment surrounding the
devices, including the object to be detected or the
place to observed, and other factors affecting the
sensing operation. This improved layered architecture
depends on seven layers, not on four layers as the
traditional layered architecture, and takes all the
function of the traditional architecture and distribute
them on the seven layers, but in more reliable way.
The proposed improved layered internet of things
(IoT) architecture composed of seven layers:
application layer, application support & management
layer, services layer, communication layer, network
layer, hardware layer, and environment layer.

e Banu et. al.[8] analyze different industry standard
IoT architectures from various research, and founded
IoT architecture initially designed to have 3-layer
architecture and went on to become 7-layer
architecture currently on the basis of the protocol.
Each industry designed the different direction. For
example, the industries started on their own strength
like CISCO on gateways, IBM on cognitive data
processing and INTEL on processor miniaturization.
In addition to the above, big vendors understood the
market and started working on interoperability through
middleware and collaborative work on edge
computing. There are two more architectures, and they
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are called fog and cloud architectures. Cloud
computing is given importance due to its great
flexibility, and scalability. It offers services such as the
core infrastructure, platform, software, and storage.
Hence lately, IoT towards another system, namely fog
computing which inserts monitoring, preprocessing,
storage, and security layers, between the physical and
transport layers before going to cloud. It not only
reduces energy consumption, but also improves end-
to-end latency and minimizes operational costs in
latency-critical IoT application[6]

e Santos et. al[l] proposed and approach for
modeling and analyzing IoT architectures. This
propose is based on extracted data for each layer in
each provider (some elements for each layer: input,
output, activities, performed, and the principle
objective). The 7-layer model is classified in the
industrial architecture (Microsoft, Intel, Cisco, Google,
IBM, Ericsson, Amazon) according the layer in the
reference model. The 7 layers consist of physical
device/thing/object layer, connectivity layer, edge(fog)
computing, data accumulation, data abstraction layer,
application layer, and collaboration & processes layer.

e Rahimi[9] proposed a novel architecture which is
able to meet the needs of the next generation IoT
applications and assist IoT experts to design more
efficient and scalable 10T systems. New model is
based on new technologies such as device-to-device
(D2D) communication, the 5G communication
network, Machine-Type Communication (MTC),
Wireless Network Function virtualization (WNFV),
Wireless Software Defined Networks (WSDN),
Mobile Edge Computing (MEC), and Mobile Cloud
Computing (MCC). It composed of 8 interconnected
layers including physical device layer, communication
layer, fog computing layer data storage layer,
management service layer (network management
layer, cloud computing layer, and data analytic layer),
application layer, collaboration and processes layer,
and security layer which protects all layers through
data encryption, user authentication, network access
control, cloud security.

e Pratap Singh et.al[10] classified the existing IoT
architecture focusing on layer-specification
architecture. That can be classified to 6 groups such as
(1) 3-layer architecture: consists of perception layer,
network layer, application layer, (2) 4-layer
architecture: this adds a service layer, that acts as a
middle ware between network and interface) that is
responsible for providing the data services in 10T, (3)
5-Layer architecture: consists of perception layer,
transmission layer, middleware layer, is associated
with data storage, application layer, perform the
function of application management, and business
layer, the up-most layer, help in data analytics and
base on that, it takes the further decision, (4) 6-layer
architecture: add new 2 layers are augmented into the
previous IoT model. These are: 1) MAC layer, that
helps to monitor and control the devices. 2) processing
and storage layer, that helps to process the queries,



analyze and storage the data. (5) 7-layer architecture :
consists of 7 layers: application layer, application
support and management layer, determines the security
and is responsible for management of IoT device and
their operation, service layer, determines various
activities performed by the developers in order to
provide essential services to the customers,
communication layer, network layer, and hardware
layer. (6) fog and cloud-based architecture layers:
comprises of 6 layers: physical layer, monitoring layer,
pre-processing layer, storage layer, security layer,
and transport layer.

3. Analyze the responsibility of

layers

The authors selected and analyzed the layer of
existing architecture from research paper focusing on
the responsibility in accordance with the basic
reference model of TIoT architecture[18] and
considerate only the important layer should be used
for modeling layer of IoT architecture. This selected
7-layers consists of perception layer, network layer,
middleware layer, application layer, business layer,
security layer, and management layer. In order to
clarify the concept of responsibility of each layer, we
show the more details which explain each layer of
each researcher, then conclude in the authors
viewpoint. The details are described as follows:

3.1 Perception layer
The researchers describe as follows: the perception

layer is made up of physical devices such as your
sensors and actuators which interact with other
devices and the physical world to both send and
data to other devices wusing wireless
technology. This layer’s objective is to collect all the
information from its sensors and actuators, that can be
sent to the network layer[11]. The perception layer is
also known as the “Sensors” layer in [oT. The purpose
of this layer is to acquire the data from the
with the help of sensors and
actuator[12]. Perception layer (also called as
recognition layer) gathers data/information and
identifies the physical world[13]. The Perception
layer is the physical layer, which has sensors for
sensing and gathering information about the
environment. It senses some physical parameters or
identifies other smart objects in the environment[14].
Perception Layer- It consists of different kinds of
sensory technologies[15]. A smart device/sensor
layer: the lowest layer is made up of smart objects
integrated with sensors. The sensors enable the

receive

environment

20

JIST Journal of Information Science and Technology
Volume 11, NO 1 | JAN —JUN 2021 | 18-29

interconnection of the physical and digital worlds
allowing real-time information to be collected
and processed [16] Perception Layer - It is also
known as a sensor layer. It works like people’s eyes,
ears and nose. It has the responsibility to identify
things and collect the information from them [5].
Hardware layer: Includes sensors, other hardware
such as; embedded systems, RFID tags and readers
and others. The sensors enable the interconnection of
the physical and digital worlds allowing real-time
information to be collected and processed[6].
Environment layer Includes objects to be detected or
places to be observed. The objects to be detected vary
from physical moving objects, such as humans, cars,
to environmental factors such as, temperature, or
humidity. The places to be observed are ranging from
buildings, universities, streets and so on[6]. The
bottom layer, the device layer, there exist the
hardware components, the sensors, the RFID tags and
other sorts of devices[21]. Physical Device Layer:
This layer consists of wireless sensors, actuators, and
controllers, which actually are the "things" of IoT.
Physical devices are a common layer in all the
architectures[22]. The authors reviewed the first layer
architecture and founded that there are various
different names but the responsibilities of them are
similar such as perception layer[5][11-15], physical
layer[14],  smart  device/sensor  layer[S][12],
recognition layer[13], device layer[21] environment
layer[6] ,hardware layer[6], physical device layer[22],
and bottom layer[21] In this part, the authors
concluded that the perception layer is responsible for
detecting, collecting, processing information and
transmitting it to the network layer through sensors
and other IoT devices under various protocols.

3.2 Network layer

The researchers described the network layer as
follows: The network layer handles the data been sent
between smart devices as well as network devices and
servers and can be also used to transmit and process
perception layer data into a readable format for the
receiving device[l11]. The network layer of IoT
serves the function of data routing and transmission to
different IoT hubs and devices over the Internet. At
this layer, cloud computing platforms, Internet
gateways, switching, and routing devices etc. operate
by using some of the very recent technologies such as
WiFi, LTE, Bluetooth, 3G, Zigbee etc.[12]. Network
layer is the middle one (also called as wireless sensor



networks, which accountable for the initial processing
of data.[13]. The network layer is responsible for
connecting to other smart things, network devices,
and servers. Its features are also used for transmitting
and processing sensor data [14]. The network layer
includes of network communication software and
physical ~ components such as  topologies,
protocols and network nodes which  are used
in communication[15]. Gateways and networks
massive volume of data will be produced by these tiny
sensors and this requires robust and high
performance wired or wireless network infrastructure
as a transport medium[16]. Network layer is also
known as transmission layer. It acts like a bridge
between perception layer and application layer. It
carries and transmits the information collected from
the physical objects through sensors. The medium for
the transmission can be wireless or wire based[5].
Network layer: performs the following functions;
gateway routing & addressing, network capabilities,
transport capabilities, error detection & correction.
Also, it takes care of message routing, publishing and
subscribing, with demand needed to serve a wider
range of IOT services and applications[6]. The
network and communication layer, there exists the
network and communication capabilities, such as;
gateway, routing and addressing, energy optimization,
QoS (Quality of Service), flow control and reliability,
and  error  detection and  correction[21].
Communication layer consists of two-sublayers, D2D
and connectivity layers for support 5G make as a
great evolution at this sub-layer in the sense of
reliability, performance, and agility[22]. Some review
papers called transmission layer, wireless sensor
network layer, or communication layer, a network
layer. The authors concluded that the network layer is
responsible for connecting to all objects or devices in
IoT environment. Its features are also processing data
and transmitting to the other layer. It includes network
communication software and physical components
such as protocols, gateway, routing and addressing.

a

3.3 Application layer

The researchers described as follows: the application
layer which can also be called the business layer
delivers specific services to the users and receives the
data from the sensors/actuators from the perception
layer after being translated into a readable format by
the network layer[11]. Application Layer: it

guarantees  the  authenticity, integrity, and
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confidentiality of the data. At this layer, the purpose
of IoT or the creation of a smart environment is
achieved[12]. Application layer makes the link
downward of perceptual layer, and takes care of
global in the IoTs[13]. The application
layer is responsible for delivering application specific
services to the user. It defines various applications in
which the Internet of Things can be deployed[14].
Application Layer consists of various applications and
services[15]. The application layer or IoT application
covers “smart” environments/spaces in domains such
as: transportation, building, city, lifestyle, retail,
agriculture, factory, supply chain,
healthcare, user interaction, culture and tourism,
environment and energy[16]. Application Layer
defines all applications that use the IoT technology or
in which IoT has deployed. The applications of IoT
can be smart homes, smart cities, smart health, animal
tracking, etc. It has the responsibility to provide the
services to the applications. The services may be
varying for each application because services depend
on the information that is collected by sensors[5].
Application layer includes the IoT application. This
layer is at the top of the architecture and is responsible
for delivery of various applications to different users
in [oT[6]. The top or first layer is the IoT application
layer which contains the application user
interface[21]. In this layer, software interacts with
previous layers and data[22]. The authors concluded:
it is responsible for defining software or application
that use the [oT technology. The applications function
consists of data formatting, presentation, things
services to users according to their needs. The
applications of IoT can be smart homes, smart cities,
smart health, animal tracking, wearable etc.

services

emergency,

The first 3-layers of IoT architecture is a basic
essential architecture. It has a limitation that is
currently developing to be success on IoT context. So,
the researcher confirmed as follows: the 3-layer
architecture defines the main idea of the Internet of

Things, but it is not sufficient for research on IoT
because the research often focuses on finer aspects of
the Internet of Things, that is why, we have many
layered proposed the
literature[14]. The IoT 3-Layers as an accepted
structure but is trivial modeling of the IoT
ecosystem[2].  One important point for 3-layer
architecture is the fact that there is not a layer for
business[1]. Limitations: absence of application layer

more architectures in



security[10] etc. From those limitations , the
researcher tried to extend the layer for the IoT
architecture requirement. The layers were extended
as follows:

3.4 Support layer/ Middleware layer/
Processing layer

The researchers described as follows: this layer
focuses on the middleware for supporting the high
processing which extended continue from the network
layer. The responsibility is providing a big data of
services in [oT that helps in reduction of time of
product development because the IoT system has a
wide range of technology, and so complexity. The
highlight of this layer focuses on fog and cloud
computing layer, cloud computing has more flexible
and scalable techniques which allow various services
for IoT systems. These services include information
storage options, software tools and analytics, suitable
platform, and core infrastructure for the development.
With cloud facility, users can have the visualization,
machine learning, data analytics options for wider sets
of information. So, Cloud based architecture became
popular in IoT systems due to the equivocal nature of
the information sensed and produced in the form of
data by IoT devices. In most of the IoT architectures,
a centralized control over the data is done using the
cloud-based data processing systems[22]. Cloud
computing based on centralized of course, it
overloaded for processing over the IoT system. The
results of the cloud have a latency time problem. In
order to solve the latency time and reduce the
processing costs at the cloud layer, the new layer,
which is a fog layer was designed. Fog Computing
Architectures: it is an extension of cloud computing to
the edge of the network. The goal of Fog computing
or Edge computing is to improve the efficiency of
local and cloud data storage. It minimizes the amount
of data required to be sent to the cloud which
advances data analysis efficiency and the security of
10T[18]. Cloud and Fog concept computing are shown
In Figure 1. From Figure 1. IoT architecture that
integrated IoT with cloud computing, and fog
computing which are an online platform that assists
system integrators and solution providers to create a
complete infrastructure for things application for
developing, deploying, operating, and combining
things applications and service. In summary, the
responsibility of this layer will be integral parts of the
processing of huge amount of information. It will be
more efficient by applying cloud computing and fog
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computing technology which is suitable for the
currently situation, so many IoT architectures are
extended to this layer.
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Figure 1. Cloud and fog computing concept[18]

To overcome the limitation of 3-layer
architecture focusing on the business layer, it was
extended to newly proposed layer. As the business
logic is a very important in the business context, the
business layer should be designed and everything on
IoT environment is needed to be driven. Some
researchers stated “The business layer is King”[24].

3.5 Business layer
The researchers described as follows: the

responsibilities are to manage and control
applications, business and profits models of IoT[5]. It
is sometimes called the collaboration and processes
layer. This layer’s function covers the entirety of IoT
application and service management. It can create
practical graph, business models, flow chart,
executive report, etc. based on the amount of accurate
data received from the lower layer and effective data
analysis process. Based on the good analysis results, it
will help the function managers or executive to make
more accurate decisions about the business strategies
and roadmaps[4]. The business layer refers to an
intended behavior of an application and acts like a
manager of a whole system. It has responsibilities to
manage and control applications, business and profits
models of IoT. The user’s privacy is also managed by
this layer. It also has the ability to determine how
information can be created, stored and changed[5].



The business layer is the place where all the
business/domain logic, i.e. rules that are particular to
the problem that the application has been built to
handle for living. This might be salary calculations,
data analysis modelling, or workflow such as passing
an order through different stages[24]. This layer
performs the management of the entire IoT system
that involves user’s privacy, applications, profit and
business processes, etc[18]. The conclusion of this
layer: the responsibility to manage and control
application and business logic led to the business
success model. As above, a security layer is not
mentioned yet, but it defines the security policy with
protect data and information hidden with other layers.
Besides, there are many proposed architectures of
IoT, no layers regarding the security though.
However, in the paper, several loT architectures were
found focusing on security issues and extended to the
security layer[5][22] in order to overcome the issues
of security which are affected by numerous security
attacks.

3.6 Security layer

The researchers described as follows: security layer
makes secure information before sending to the
network layer. It receives information from the
processing layer. It performs encryption through
converting all information collected from the
processing layer into unknown form, called cipher
text. The process of encryption is performed by using
keys. It sends encrypted information to the network so
that it could not be understood by anyone other than
the authentic users. It also sends a key to the receiver
to convert the cipher text into original text. Thus, this
layer protects the information of users from the
attackers and risks existing on the network layer[5]. In
addition, the security layer covers all other layers too.
The security layer of the proposed architecture entails
various terms of security features including data
encryption, user authentication, network access
control and cloud. In order to be suitable for the
requirements of upcoming [oT applications and
services, the new architecture is developed based on
the technologies, to provide a more
sustainable and scalable than existing architectures.
The new architecture will be following features:
modularity, efficiency, agility, scalability, simplicity,
and ability to response to high demands[22]. The

which is
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authors conclude the responsibilities of security layer
focusing on the protection of IoT assets, these ensure
in security layers in IoT
environment. The properties of security issues consist
of confidentiality, integrity, availability,
authentication, non-repudiation, and privacy. The last
layer in which the authors selected for consideration
of ToT architecture modeling is management layer,
that is considerate all of things that manage in IoT
system. However, the traditional architecture layers
had no promote the management layer, but they were
hidden and managed by each layer in the IoT

issues covering all

operations.

3.7 Management layer

The researchers described as follows: management
layer mainly manages servers from service & storage
layer, and assigns tasks to the control server, like
adding and updating software[20]. Focusing on the
Management Capabilities, such as QoS Manager and
Device Manager, they are distributed along the
service support and application support layer and the
network and communication layer, the Security
Management functions [21]. Application support &
management layer perform the following functions:
Qos manager, device manager, business process
modeling, business process execution, authorization,
key exchange & management trust & reputation,
identity management. In this layer, all actions related
to the control, security and management of the
application are made[7]. Management service layer
consists of three sub-layers including Network
Management Sub-Layer, Cloud Computing Sub-
Layer, and data analytics sub-layer that is the
improvement in big data[22]. This concluded the
responsibility of this layer: monitoring and controlling
whole IoT system focus on IoT devices, QoS
management, Trust& reputation management, security
management  service  management,  network
management etc. Summary of the responsibility of
each layer is shown in Table 1.

In the authors viewpoint, this layer should be set the
first priority in IoT architecture layer next to
infrastructure because it is a key success for IoT
environment. The seven main layers as above can be
classified into 5 groups covering all the necessary
components in IoT system such as infrastructure,
application & analytic, integration, security[26], and
management. This proposal is called a framework
used for modeling IoT layer architecture. It helps
designing the workflow in the simple way. The
conceptual framework is shown in Figure 2.
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Figure 2. loT Layer Framework

Table 1. Summary of the Responsibility of Layer

Layer

Responsibility

Perception

detecting, collecting, processing
information and transmitting it to
the network layer. Through sensors
and other [oT devices under various
protocols.

Network

connecting to all objects or devices
in [oT environment. Its features are
also processing data and transmit to
the other layer. It includes network
communication software and
physical components such as
protocols, gateway, routing and
addressing.

Middleware

processing of huge amount of
information. more efficient by
applying cloud computing and fog
computing technology

Application

defines software or application that
use the [oT technology. The
applications function consists of
data formatting, presentation, things
services to users according to their
needs. The applications of IoT can
be smart homes, smart cities, smart
health, animal tracking, wearable
etc.
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manage and control application and
business logic led to the business
success model.

Business

protection of IoT assets, these
ensure in security issues cover all
layers in IoT environment. The
properties of security issues consist
of confidentiality, Integrity,
availability, authentication, non-
repudiation, and privacy

Security

monitoring and controlling whole
IoT system focus on loT devices,
oS management, Trust&
Management Q . £ .
reputation management, security
management service management,

network management etc.

4. Approach for modeling and
analyze IoT layer architecture

This section, we discuss the approach for modeling
and analyzing the generic layer model of IoT
architecture. Generalize the research used various
approaches for modeling IoT architecture such as
computer network’s conventional model[3], takes in
to consideration the environment surrounding the
devices[7], extracted data from reference model[1]
etc. However, reference approach architectures
provide guidelines wuseful for planning the
implementation of IoT systems, and therefore help
considerably in the standardization of them.
Standardization can be achieved through high-level
reference architectures but they are difficult to be
understood because they are very abstract. This paper
developed generic layer model of IoT architecture
based on loT reference model [18]. It is a basic
requirement of generic architecture composed of: 1)
Data collection ability such as data center, big data,
extraction information and knowledge, and analysis
tools. 2) Connectivity and communication, all devices
provided interconnection or global infrastructure.
Besides, the support system for the incremental
effective IoT system such as middleware (cloud, fog
computing). 3) Scalability is a capability to adapt in
present, and the future for new technology, and
process increased data volumes for different system
sizes. 5) Predictive analysis that shows the capability
to predict events and situations for decision making
focusing on the business track and others. 5) Security,
privacy and trust, all ensure the information and
system provided the confidentiality, integrity,
availability, authentication, authorization, and non-
repudiation[18]. And the authors extended to 6)
Management is the capability for control, monitoring,



quality of service (Qos) and managing all
devices/services etc. for effectiveness in IoT
environment including centralized and distributed
based control.

S. Improved generic layer model of

IoT architecture

The authors analyzed various research papers based
on loT reference model in section VI. The number of
layers starting from three layers to eight layers was
founded. The characteristics of each existing
architecture reference were analyzed together with
proposing the model which is classified into three
groups including basic architecture layer, intermediate
architecture layer, and advance architecture layer. The
basic architecture layer covers only infrastructure of
internet. The intermediate architecture layer covers
the integration part such as the middleware, data
analysis or business model, and the advanced
architecture layer covers all necessary things in the
[oT environment, especially, security and privacy and
management. The reference requirements of layer
group for IoT architecture modelling are shown in
Table 2.

Table 2. Requirements of 10T architecture
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and privacy, and management. In this study, the
authors improved the generic IoT Architecture layer
from basic architecure layer to advanced architecture
layer consisting of :

e 3-layer: percetption laer, network layer,
application layer (basic layer) extended to 5
layers.

5-layer: added two new layers: middleware layer,
business layer (intermediate layer) extended to 7
layers.

7-layer: added two new layers: security layer and
management layer up to (advanced layer).

This improved architecture layer focuses on the 7-
layer with additional two new layers because almost
the IoT reference architectures don’t show the
security and management policy in the [oT sytem in
spite of being very important. The conceptual of
generic layer model is shown in Figure 3.

Figure 3. Generic layer model of IoT architecture
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Table 2. shows the requirements of [oT architecture of
each layer. Basic architecture layers include only two
reference requirements which are data collection
ability and connectivity and communication,
intermediate  architecture has four reference
requirements such as data collection ability and
connectivity and communication, scalability, and
predict analysis, and advanced architecture composes
of all reference requirements in the reference model
such as data collection ability, connectivity and
communication, scalability, predict analysis, security
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However, it was found that the proposed model of IoT
architecture has some similarities with other models.
For example, an improved layered architecture
depends on seven layers including the management
layer but not have the security layer[6][7]. A newly
improved generic layered architecture has six layers:
it has a security layer and observation layer
(authentication) to enforce the security attack and
prevent IoT applications from attackers but not have a
management layer [5]. INTEL architecture consists of
7 layers, developed the new layer, namely fog
computing which inserts monitoring, preprocessing,
storage, and security layers[8], and lately, proposing a
novel architecture is able to meet the needs of the next
generation loT applications and assist IoT experts to
design more efficient and scalable IoT systems. It
consists of § layers which have the security layer and
management layer[9]. The related work that shows the
security and management as mentioned above should
be promoted in the generic layer architecture.
However, the divided layers of architecture based on
generic layer proposed by the authors is just the
guidelines provided for the industry to be useful for
planning the implementation of IoT system. This key
success factors of IoT architecture should be focusd
on manageability, security and privacy, mobility,
efficiency, cost effectiveness, quality of service, data
collection ability, connectivity and communication,
scalability, and predict analysis. Any designers who
model the IoT architecture layer must consider to
cover all the components in IoT system such as
infrastructure, application& analytic, and
integration[26], including security and management to
be able to protect all the assets in [oT environment.
As in the IoT environment, so many objects are
connected to the internet for information exchange
and this may allow attackers to access and hack into
the network, designing to make the architecture of loT
secure should be done. It is concluded that the generic
layer model of IoT architecture is a framework for
modeling [oT architecture based on 7-layer model.

6. Modeling the existing loT
architecture using propose
approach

In this section, we apply the approach to describe the
examples of existing [oT architecture which have 3-8
layers (Figure 4.), and are classified based on new
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generic layer model of IoT architecture as the
summary shown in Table 3. and described as follows:
A. Description of each architecture:

Basic architecture layer: as Figure 4. A[11] 3-layer
model consists of perception layer, network layer, and
application layer. This layer covers data collection and
communication of reference requirements.

e Intermediate architecture layer: as Figure 4. B[17]
4-layer model consists of perception layer, network
layer, support layer, and application layer, as Figure 4.
C[14] 5-layer model consists of perception layer,
network layer, middleware layer, application layer,
and business layer. This layer can because used to
support predict analysis and scalability because it was
extended to the new layer such as middleware layer
(applied by cloud and fox computing) and business
layer.

Advanced architecture layer: as Figure 4. D[5] 6-layer
model consists of application layer, network layer,
security layer, processing layer, observe layer, and
perception layer, as Figure 4. E[25] 7-layer consists of
communication connectivity layer, data layer,
management layer, control layer, application layer,
business layer, and security layer, as Figure 4. F[22] 8-
layer consists of physical layer, communication layer,

connectivity layer, edge layer, storage layer,
management layer (network management, cloud
computing, data analysis), application layer,

collaboration and processes layer, and security layer.
This is advanced IoT architecture covering all the
reference requirements of IoT architecture. Two more
new layers of security and management layer are
added to pay attention to the security and management
of the entire system which supports the IoT disruption.

From the authors viewpoint of the existing IoT

architectures as shown in Table 3., 3-layer, 4-layer,

and S-layer models are the traditional layered
architecture model[11][14][17], while 6-layer, 7-layer,
and 8-layers are advanced layer for IoT architecture

model [5][25][22].

B. The advantage of each architecture consists of:

e 3-layer architecture: the advantage is simplicity,

effortless problem identification and flexibility, while

the limitation is absence of application layer
security[10].

e 4-layer architecture: The advantage is reducing the
time of processing modules because it has a cloud
and fog computing[19].

e 5-layer architecture: To help in data analytics and
take the further decisions in business layer to solve
the 3-layer model that is not a layer for business [2].

e 6-layer architecture, 7-layer architecture, and 8-layer
architecture separate many modules for processing
in the IoT system focusing on security and
management, helps monitoring and controlling the
overall system to ensure security and privacy in
order to solve the above layer architecture which no
security and privacy are discussed[1].
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7. Conclusion and Discussion Reference
This paper analyzed the existing of [oT architecture Requirements
layers focusing on the responsibility of each layer, NfL Layer name Level
then classified the generic layer architecture based on Dl cls|p S M
IoT reference model. The authors improved the
generic layer model of IoT architecture which consists -
. . . . 1.Perception
of 7 layers for implementing IoT architecture coverig 2 Network I
all infrastructure, application & analytic, integration, | 4[17] 3.Application
security, management. The new generic layer model 4.Support
of IoT architecture is a framework for modeling 1.Perception
provided and approach to achieve the modeling of 2.Network I
IoT industrial architecture based on the 5[14] | 3.Application
4.Support
5.Business
Table 3. Classified Existing loT Architecture by 1.Application
Proposed Model 2.Network
Reference 6[5] 3.Secur1ty A
. 4.Processing
Requirements
NfL 5.0bserver
Layer name Level -
S 6.Perception
D|C| S|P M
e
1.Perception B
3[11] | 2.Network
3.Application

27




Reference
Requirements

CSPS
e

Layer name Level

NfL

1.Communi-
cation

2.Data
3.Management
4.Controller
5.Application
6.Business
7.Security

7[25]

1.Physical
device
2.Communi-
cation

3.Edge
Computing
4.Data storage
5.Management
6.Application
7.Collabo-
ration
8.Security

8[22]

layered model. The advantage of proposed approach
is being clear and easy for development because the
designing is focused to cover the whole assets and
components of the IoT environment. As there are
modules in the generic layer model, it is easily
employed in industrial IoT architecture.
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ABSTRACT - This paper presents the game project management based on an agile approach.
The research questions are if active learning is appropriate to the course of game project
management and how an agile methodology is more appropriate to game development
management than the traditional ones. The research was an experiment to test the practice of
project management. The participants of 41 undergraduate students participated in the study.
Those are students who enrolled in the course of game development project management. The
class was driven by the Scrum method and the project teams were grouped to develop a
different game project. The study was designed based on project management phases: the
planning and management phase, and the implementation phase. The scenarios of active
learning were based on game development activities. The students were learning through the
activities. We observed the values of project management factors: Individuals and interaction
over process and tools, Working software over comprehensive documentation, Customer
collaboration over contract negotiation, and Responding to change over following a plan. We
evaluated the quality of solutions by the instructor who had expertise in game development
techniques and tools. We created a questionnaire to evaluate the proposed learning method. The
questionnaire consists of two main parts. It collects each project member’s information
including personal background, involved process, tools he used in the process, and relatedly
potential limitations.

KEYWORDS: Agile, Scrum, Active Learning, Project Management, Game Development.

1. Introduction 1.2 Research Question
1.1 Motivation The focus of our research is to understand if a more

structured process for guiding projects can enhance
team outcomes. Specially, we focus on the following
research question:

This research relies on the study of active learning for
a game project management course. In particular, we
focus on project development by applying an agile
methodology. The scrum method is applied to drive
the project activities for developing a game project.
This research also describes the use of a particular set
of software tools as another platform of active
learning that were employed in the class. We first
provide thinking skills as well as information on
visual learning, mind tools, mind maps, and mind
mapping software. We then provide initial results of

development efforts to create instructional modules e 4 d i inol d .
and active learning activities that employ the visual quantitative and data within a single study to gain a

tool of mind mapping to improve critical thinking better .understandlng O.f the problem. We create a
skills. scenario of a game project development for students.

The students study the principles and process of
project management for game development through

RQI1: How might active learning be appropriate to
game project management course?

RQ2: How might agile methodology be more
appropriate to game development project management
than traditional ones?

To address our research questions, we use a sequential
mixed-methods approach, which integrates both

*Corresponding Author: waraporn.jir@dpu.ac.th
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the active learning environment. Game development
is an emerging field in multidiscipline that combines
expertise across a range of domains, including
software development, art and graphic design. We
provide the scenarios of those and study the
effectiveness of active learning.

The rest of the article is structured as follows. In
section 2, we give the background of active learning
and agile methodology. Section 3 describes the
approach of our study. Section 4 discusses the
quantitative phase of our study. Section 5describes the
qualitative phase, focusing on the observations from
students teams using the agile methodology. Finally,
Section 6 presents a summary of our research results
and discusses possible future work.

2. Literature Review

2.1 Active Learning

Active learning has been described by Bonwell and
Eison [1] as an instructional technique that engages
students in meaningful learning activities such as
dialogue, debate, writing, and problem-solving, as
well as higher-order thinking, e.g., analysis, synthesis,
evaluation. According to [2] [3] [4], some case studies
of active learning were developed. The utilization of
active learning was one of Chickering and Gamson’s
“Seven Principles for Good Practice” [2] for
undergraduate teaching. Prince [4] reviewed several
forms of active learning i.e. collaborative learning,
cooperative learning, and problem-based learning.

Moreover, some researchers have created case studies
based on real scenarios of teaching and related to the
school contents. According to [5], the Active
Learning Framework (ALF) was developed to allow
students with virtual patient encounters using web-
based case studies and engage in open-ended,
interactive technology. They found the benefits of
using ALF as a platform for teaching clinical content.
It was interactive and self-directed, “patients” in a
completely safe environment that can be accessed
anytime, anywhere. It applied interactive, problem-
diagnosis. The authors also said that ALF gave the
student concurrent feedback on their information
processing and content mastery, and a summative
evaluation at case completion.

According to [6], the authors purposed the method for
designing courseware on algorithms for active
learning with virtual board games. The research found
out that students were quite creative and came up with
alternative solutions. However, the usability and
learning effect of these courseware products needed to
be assessed.
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2.2 Project Management for Game

Development

The context of project management course evolves
from individual assignments to tracking the whole
process. It requires a discipline of a project team. The
team approach starts from developing an assumption
and collaboratively learning.The approach requires
teamwork, problem-solving, communication, and
leadership skills [7]. One of course objectives is to
prepare students to be able to encounter in the
workplace. The students need to learn the reality of
working in project teams [8]. According to [7, 9-11],
authors suggest an increase in the activities of teams
throughout the course curriculum.

One way to explore why a process methodology may
work better than the other methodologies is by using a
team knowledge theoretical framework. The team
then can better prioritize the work that needs to be
done, especially with the game development projects,
where there is significant ambiguity in the tasks that
should be completed as week as the duration of those
tasks. According to [12], they defined a model based
on [13] which consists of four team knowledge
categories: (a) task-related, (b) team related, (c)
process-related, and (d) goal-related. The categories in
the model are described as follows:

(a) task-related knowledge includes shared
understanding about the content of the task,
how the parts of the tasks interact, and how a
task is connected to its environment. It also
includes a shared understanding of how a
task is supposed to be accomplished by the
team so that a sufficient level of performance
can be achieved, and how task work is
allocated to members.

(b) team related knowledge includes team

members’  knowledge, skills, attitudes,

preferences, and tendencies. It also includes
shared knowledge of where expertise is
located and where it is needed.

(c) process related knowledge includes a shared

understanding of team processes such as

communication, leadership and coordination.

It also includes shared expectations of how

to behave and useful patterns of action.

(d) goal related knowledge includes a shared

understanding of the goals, visions, and

overall agreements about the team’s work.

Such goals are mental representations of the

overall goal or mission for the team, its

performance objectives, and also strategic
goals for the organization.



The project management course is extended to
support  gamification. Gamification commonly
employs game design elements that are used in non-
game contexts. The contexts can improve user
engagement, organizational productivity, flow,
learning, crowdsourcing, employee recruitment and
evaluation, ease of use, the usefulness of systems,
physical exercise, traffic violations, voter apathy, and
more [14].

Many works have applied gamification to support
education and learning areas. For example, Microsoft
released the game Ribbon Hero 21 as an add-on in
their software package. It is used to train people to use
it effectively. SAP has used games to educate its
employees on sustainability [15]. Also, Khan
Academy applies gamification techniques in online
education [16]. The use of gamification also appears
in various situations. For examples, Gbanga launched
the educational location-based game “GbangaZooh
for Zurich Zoo” that asked participants to save the
animals and bring them back to a zoo. Players can
learn virtual habitats across the Canton of Zurich to
attract and collect endangered species of animals [17].
This evidence shows that gamification can motivate
learners in educational situations.

The software tools for game development have been
developed to support new technology platforms. One
of the popular game tools in Unity. Unity can be
considered one of the most renowned virtual reality
cross-platform tool for game development software.
Unity 3d Game engine is an effective instrument in
developing a 3D game, real-time 3D animation and
other interactive projects. The most remarkable aspect
lies in the train-platform ability which is powerful.
Windows and MAC OS systems are engine
compatible with all stream platforms. This
compatibility extends further towards PC, iPhone,
Android, MAC, Wii, Windows Phone, PlayStation,
Xbox, etc. Microsoft Visual Studio and Mono
Development are also supported by Unity. The user
can create script programming on these two
development tools. Laying out levels, creating menus,
doing animation, writing scripts, and organizing
projects are key functions enabled by a complete 3D
environment, which can be found in an application
created by Unity. The user interface is well-structured
and the panels can be fully customized by dragging
and dropping.

Besides, assets are any resources in a game such as
3D models, materials, textures, audio, scripts, and
fonts. Objects may be realized in diverse appearances
such as cube and sphere. The assets can be created
externally using 3D modeling applications and

'www.ribbonhero.com
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painting tools then imported into Unity. By default,
3D game engines have generally been specific objects
and are highly particularized about what files a
developer gives them. The developer is required to
attentively convert all non-Unity files. At present, it
accepts 3D file-formats including Maya, 3D Studio
Max, Blender and FilmBox with all the rigging,
materials and texture intact. Furthermore, all common
image file formats such as PNG, JPEG, TIFF, and
also layered PSD files directly from Photoshop are
within functions of Unity. For audio files, Unity
supports WAV and AIF, ideal for sound effects, and
MP3 and OGG for music.

2.3 Agile Methodology

The software engineering discipline encompasses a
large body of knowledge [7] concerning software
development technique and project management
practices. Software development is difficult not only
because the end product is complex with a huge state
space, but also because the process is complex
involving many aspects, including human,
organizational, and technical [3].

Agile methodology was implemented in several new
lightweight software development methodologies
such as DSDM (Dynamic Systems Development
Method), Crystal, XP [9], and Scrum [10]. These
methodologies are short cycled, less wasteful, and
focus more on the human aspect of software
development. Agile practices get running code in
production as ecarly as possible and use customer
feedback to drive further improvements and changes.

Scrum is a management and control process that
focuses on building software. It is primarily a team-
level process that can wrap existing practices,
development standards and techniques.

3. Approach

Active learning has been used as a tool of education
for years. The course of project management focuses
on how students develop their skills and disciplines.
The project management originally replies on how to
apply engineering theories and principles to have a
project succeeded. The project management course is
also based on software engineering methodologies. In
particular, the methodology has been focused is agile.
The course is also extended to support the context of
game development. In this work, our approach
supports a course that has students learnt with multi-
disciplines. Our approach is based on a team-taught
course and interdisciplinary student teams. The five
distinct groups of students to be involved in this study
are the undergraduate game major. To meet the needs
of all groups, the instructor collaborated on projects.



It is important that the interaction between sessions in
the course and among students in term of agile. Agile
software development practices emergefrom the need
to have better support for changing requirements,
among other reasons. It would not have been possible
to foresee the needs of the students in this course.
Each project is overseen by the instructor. There is a
software tool to support communication between
teams and instructor.

3.1 Research Design

The initial phase is a field experiment to test the
practice of project management. A total of 41
undergraduate students participated in the study. A
majority of the students major in in-game interactive
and development. All of them are junior students. The
course designed for the experiment is a 3-credit, more
particularly the course content related to game
development project management. The class is driven
by the Scrum method, and the students have described
the perceived benefits of using Scrum. The class
contents encompass the team-developed game design
documents and prototypical software
implementations. The students are organized to be
five groups of 7-9 members. They are asked to
develop a different game project. The class is
scheduled for Thursday meetings of 15 minutes
during the fourteen-weeks time. The students form
project teams including game artists, game designers,
game developers, and project manager, and scrum
master. The course is divided into two phases that
spanned the fourteen-week term. The first five weeks
are scheduled for the planning and management
phase, and the students were assigned different roles
contributing to the projects. The following seven
weeks are scheduled for the implementation phase.
The students work and communicate following the
Scrum activities. The students are also coached on
how to apply the software tools supporting the Scrum
activities. For the last two weeks, the class is driven
by retrospective activities and project closure.

Figure 1. The participants and experiment of active
learning
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3.2 Research Scenarios

We have adopted the traditional game development
process as shown in Figure 2 and applied it with the
Scrum approach as shown in Figure3. The study is
also based on project management phases. Those are
the planning and management phase, and the
implementation phase. The scenarios of active
learning are based on game development activities.
The students learn through the activities.

Planning and Management Phase

The first activities of the project are the creation of
game concept documents and making a project plan.
A project manager creates the project plan by
applying Gantt and WBS techniques and using tools
i.e. Trello Gantt [18]. Every Thursday in the class was
scheduled for the Scrum meeting. The project
manager and team members communicatevia Slack
[19] and Trello [18]. Some documents are created, for
example, a conceptual report that expresses the vision
of the game, describes the contents of the game, and
presents a plan for the game implementation. The
basic components of the document are the
introduction, description, key features, genre,
platform, and concept art. It also describes business
logistic issues such as feasibility, cost, time, and
talents. The team members play different roles in
game development and they discuss and followthe
issues together via Trello. The students havea meeting
and discussion via Slack. During the five-week
planning period, the team members are required to
involve to pursue complete games. The game
designers produce the design documents, particularly
by applying UML techniques [20] and using tools i.e.
Lucichart [21] for game interaction and behaviour,
Blender[22], 3ds Max [23], Maya [24], and Z-brush
[25] for three-dimensional object modelling, and
Unity [26] for game programming.

m

Figure 2. The traditional process for game
development
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Figure 3.Tthe adopted process for game development
based on the Scrum approach

In software engineering terminology, the design
document presents a functional specification for a
game. It describes such aspects as game mechanics,
user interface, art and video, sound and music, story
and narrative, and level requirements. A good design
document should be able to translate into a technical
specification and software implementation by game
developers.

However, the study applied Scrum practices as a kind
of agile methodology. As shown in Figure 3, we have
adopted the Agile scrum methodology that is used to
develop software systems. Specifically, the team is
instructed to do sprints (burst of work) that final two
weeks. The team collectively determines what could
be done in the sprint (the two-week work effort) with
the result being something useable at the end of the
sprint. The students are further instructed that the
work to be done in the sprint should not change for
the duration of the sprint (any thoughts and
suggestions would go into the planning of the next
sprint). The team is to make sure it finished all the
goals of that sprint in the two weeks allotted for that
sprint.

The students are asked to make a sprint plan and
backlog for each sprint. The meeting is held to review
spin planning and backlog. They need to work
together to define the goals for the upcoming sprint.
while the agile scrum artefacts such as a burntdown
chart and processes such as daily meeting are
processed via the software tools.

The methodology combines with Kanban. The
Kanban board is developed via tools e.g. Trello. It can
easily be seen and tracked. The Kanban board
includes to do, in process, and completes phases of
tasks. Within each phase, there are a maximum
number of work-in-progress tasks. Those could be in
the phase. Each team is able to define their work-in-
progress limits, and the work-in-progress. Limits are
explained so that the team members understand a
situation. The limits are a key to minimize unfinished
tasks. The team members ensure that all work in
progress. Moreover, we consider baseline with no
defined methodology. In this condition, the students
were not given any specific project
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Implementation Phase

The final seven weeks of the class consist of active
development by the interdisciplinary teams. The
engineers work exclusively on the software
implementation of the games, while the designers split
their time between working with the engineers and
exploring other topics of game design [2, 6]. We
adopt Scrum for agile team management [4]. The
students in both courses form the Scrum team. There
are three teams, one per project, and each team hasan
instructor who acts as a composite Product Owner and
Scrum Master.

Not all class time is reserved for the development of
the course projects. The team members need to spend
extra to work on the projects. They communicated
and discuss through the tools i.e. Trello and Slack.
Also, the Project Manager has to update their project
plan and inform their team members via Trello Gantt.
The discussions are designed to complement the
students’ projects.

4. Observation and Results

Through the work with the agile environment, we

have come to value:

- Individuals and interaction over process and tools

- Working  software  over  comprehensive
documentation

- Customer collaboration over contract negotiation

- Responding to change over following a plan

To measure the effectiveness of the method, we apply
[Ko et al.’s 30] to measure the success of tasks in
terms of solution quality and user perceptions.The
evaluation is focused on the project milestones and
deliverables. The updates and task progress are
communicated among team members through the
Trello tool [18].

Also, we apply Hackman’s model [27] to identify
factors related to team effectiveness. It focuses on the
input factors i.e. task output, team collaboration, and
team members’ satisfaction.

Evalua

tion

Success on Team

Tasks

Solution
Quality Perceptlons

Figure 4. The factors related to team effectiveness

Effecm eness

Team Team

Collaboration Satisfaction




We evaluate the quality of the solution by the
instructor who have an expertise in game
development techniques and tools. The user
perceptions and team collaboration are validated by
students and wusing the online survey. Team
satisfaction is also validated by students and instructor
and using the online survey. More specifically, we
employ two sets of an online survey to validate
different key measures i.e. user perceptions and team
collaboration.

Therefore, we create a questionnaire to evaluate the
proposed learning method. The questionnaire consists
of two main parts. The first part inquiries about the
background information (i.e. major, year, the toles of
project member, the tools they used in the process).

The second part provides the list of potential
limitations for which we developed the three features.
The three features are created based on the factors
[27]. Those are:

Feature 1: Task Effort

In this feature, the effort that team members spent on
tasks or user stories exceeds the original estimate. It is
worth it that the tasks are targeted and achieved by the
affected team members e.g. task owner, owners of the
dependent tasks, project managers, etc.

Feature 2: Prioritization User Story

This feature supports the release planning activity,
which states that the product owner prioritizes the
user stories. The feature aims to improve the release
of backlog prioritization by wusing a Priority
Quantification Model (PQM) [b8]. When the product
owner has a discussion with the project stakeholders
to prioritize the user stories, he can use this feature to
assist him in the user stories’ prioritization.Priority
Quantification Model (PQM) is created by SaikatDutt
[28]. It takes these important criteria into account
during the prioritization process (among others):
customer satisfaction, the impact on system
architecture, business value, complexity, user story
risk, frequency of use and reusability.

Feature 3: Adding New Requirements/ User Story and
Re-prioritize Requirements/ User Story

This feature supports the customer involvement in the
planning process, by allowing the customer to send a
request to add a new user story or to re-prioritize the
user stories in the release backlog.

We have implemented the three proposed features in
each group project. When a team member
communicated task progress through the dashboard.
Other members could be notified and informed of the
details as their role.
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Findings

At first, the instructor provides a comparison of the
quality of the projects. The overall quality of the
project is different, based on the experimental
condition. This is because the topic of projects was
game design and development. The projects are
designed and developed with various tools and
techniques. The genre of game projects is diverse.
Then the instructor analyses the student perceptions
about using each of the software tools and techniques
concerning the usefulness and scalability of each
tool/techniques. Finally, the instructor provides the
online survey regarding tools and techniques for
students and observes the feedback via Trello.

1) Solution Quality
The instructor evaluates each project which isa total
score of 100. The evaluation is focused on the project
milestones and deliverables i.e. tasks in Trello, game
characters design, 3D model, project plan, Gantt
chart, WBS, and game design document, and source
code.

The final project presentation is driven online. Each
team provided a video clip of a project presentation
and submitted it to google classroom. The handouts
and other materials are also attached to support the
presentation.

The questions from the instructor are posted via the
comments and the students managed to give the
answers. Finally, the feedback of the project is posted
for the team members.The attached documents and
game project materials are focused on explaining the
results of the projects.

Across the projects, the scores from half-term
evaluation and final evaluation correlate 0.8. and no
project has a difference between the two presentation
evaluation. As shown in Table 1, the average score of
each project is given. We have also calculated the
standard deviation (Std. Dev.) between the scores of
projects. Based on the -characteristics of game
projects, we found the projects 1 and 2 have some
common requirements as the projects 3 and 4 have
some common ones. The standard deviation values of
projects 1 and 2 are a few different as the ones of
projects 3 and 4 are also a few different. We then
notice that similar projects can be driven with both
methodologies without significant results.

Table 1. Average Score and Standard Deviation

Projects Average Score Std. Dev.
(1-100; 100 is the best)

1 65.5 1.2

2 78.0 1.1

3 84.0 0.4

4 70.5 0.6




2) Limitations on planning and management

Regarding agile planning, the students are asked to
determine the extent to which they agree that
limitations during the project development process.

Firstly, more than half of the students (62.5%) agree
or strongly agree that the efforts spent on some tasks
may exceed the original estimate, and the lack of
awareness about the delay may cause some user
stories of an iteration to not be completed in the due
date. Besides, 18.75% of the students neither agree
nor disagree with this limitation as shown in Figure 5.
Therefore, we can conclude that there is a reasonable
need to provide support for this limitation.

Strongly agree
Agree
Neither agree or disagree

Disagree

Strongly disagree

=]

20 40 60

Figure 5. Students’ opinions about the first poin.

Secondly, the majority of the students (79%) agree or
strongly agree that some product owners and project
stakeholders may face challenges to prioritize the user
stories and so thy need guidelines or criteria for
proper prioritization as shown in Figure 6. Therefore,
we can conclude that there is a clear need to provide
support for this limitation.

Strongy agree I

Agree

Disagree EE—

Strongy disagres I

0 10 20 30 40 a0 a0 70

Figure 6. Students’ opinions about the second point

Moreover, most of the students (70%) agree or
strongly agree that the customers may lack proper
support to change the priority of existing user stories
or add new user stories, while 25% of the students
neither agreed nor disagreed with this problem as
shown in Figure 7. Therefore, we can conclude that
there is a clear need to provide support for this
limitation.
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Strongly agree T ——————
Agree | —
Meither agree or disagree I ————
Strongly disagree
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Figure 7. Students’ opinions about the third point.

Implementation of the Features

According to the features described in the previous
section, the feature to find out how the Scrum
approach and agile tools course it is found that the
majority of the students (62%) agree or strongly agree
about the implementation based on Scrum practices
and agile tools; followed by 21% of the respondents
neither agree nor disagree about implementing the
task effort notification feature as shown in Figure 8.

Btrongly agree

Agree

Meither agree or disagree
Disagree

Btrongly disagree

o 10 20 30 40 50 &0

Figure 8. Students’ opinions about the
implementation of task effort notification.

Moreover, it is found the majority of students agree or
strongly agree about improving user story
prioritization. More than three-quarters of the students
agree that user story prioritization can be improved by
agile planning tools.

Btrongly agree
I

Meither agree or dizagree  S————
|

Btrongly disagree =m

o 10 20 30 40 50 &0

Figure 9. Students’ opinions about improving user
story prioritization

Besides, most of the students (58.82%) neither agree
nor disagree about the implementation of adding a
new user story and re-prioritizing user story by a
customer in the agile planning tools. Also, 30% of the
students disagree or strongly disagree regarding the
implementation of the extent as shown in Figure 10.



Agree

Neither agree or disagree
Disagree

Strongly disagree

Figure 10. Students’ opinions about adding a new
user story and re-prioritizing user story

S. Conclusion and Discussion

The results show us the active learning is appropriate
to game project management course. The learning
progress of students who apply the Scrum approach
comparing with the learning progress of ones who
apply the traditional approach is insignificant
different.

We found that user story prioritization is the most
need in the agile planning tools from the students’
perspective. It is found there were two significant
factors. First, the software agile development teams
require incorporating more factors during the
prioritization process i.e. customer satisfaction, the
impact on system architecture, business value,
complexity, user story risk, frequency of use and
reusability). Second, the complexity of calculating the
priority of each user story, there is a need for tools to
support agile teams.

Moreover, the limitations of agile planning support
are highly suggested. Most of the students are not
satisfied with simple tools.

Project management planning tools for agile teams are
currently widely available. The majority of them
support the key functions for planning activities;
however, they still have limitations.
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Development of lowcost 3D printing robot
for learning embedded system
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ABSTRACT - This research aimed to 1) design and develop the robot with a 3D printing
technique, 2) to evaluate performance of low cost robot for learning embedded system, and 3) to
evaluate the achievement in the study of learning embedded system using low cost robot.
According to the sample group of this research, there wereS specialists in computer, and 50
secondary-students who attend the project. Additionally, the instrument used in this research
are the questionnaire and the learning achievement test. As a result, it was presented that 1) the
development result had robot characteristics which resembles human consisting of the upper
part named head, body, and arms. The lower part had wheel moving part and line tracking
sensors. The robot structure was printed with 3D printer using the PLA plastic. 2) the
performance evaluation result found that the overall of the design and the development of the
robot were in the ‘good’ level with a mean of 4.40 and a standard deviation of 0.50 3) learning
achievement of students after learning was higher than the mean score of pre-learning with 0.05
level of statistical significance.

KEYWORDS: 3D Printing, Robot, Embedded System
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ABSTRACT - This research aims to 1) develop the biodiversity information system in the
inner Nakorn bay area Ban Koh Nang Doi and 2) to investigate the user satisfaction level of the
biodiversity information system in the inner Nakorn bay area Ban Koh Nang Doi. In the system
development object-oriented system (Unified Process) with a PHP program in conjunction with
a MySQL database management system, the results of the research showed that the information
system that was evaluated by the system performance by experts overall was at a high
level(x= 4.41), there are three user groups (administrators, Employees, and users).
Administrators group were able to manage all data, employees group were the person assigned
to the recording biodiversity data that had been explored in the inner Nakorn bay area Ban
Koh Nang Doi, and user group able to study the knowledge of biodiversity explored in the inner
Nakorn bay area Ban Koh Nang Doi. The user satisfaction level of the system was high (x=
4.45).

KEYWORDS: Biodiversity, Inner Nakorn Bay Area, Ban Koh Nang Doi
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ABSTRACT — The purpose of this study is to develop digital media, that has been applied the
virtual reality technology, for tourism promotion in Tak province. This technology is an
attractive tool to create simulated three-dimensional images or environments. It can build the
tourists’ feel that they are similar in real places. The information was collected from the
relevant expert. The digital media were developed using the unity application and virtual reality
tools that help tourists to know the shape, proportion, and virtual display. These digital media
and information about the attraction were presented together on web applications. The results
of this evaluation showed that the users were satisfied with the digital media and web
application at the highly level of satisfaction (X = 4.43, S.D. = .550).

KEYWORDS: Virtual Reality Technology, Tourism, Tak Province
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ABSTRACT - An inappropriate selection of higher education entrance came from insufficient
experience of student and in-depth knowledge of the subject area. Most of students rely on
social norms and values to make a decision without consideration of individual skill. Therefore,
in order to select the appropriate subject area, the integrated prediction model of higher
education entrance based on student’s multiple-intelligence and skills is necessary. According to
the research, there is the imbalance data of subject areas. Hence, the integrated techniques
which combined Single Imputation, SMOTE, and feature Selection were used to create
prediction model. It also implemented Bagging, Boosting and Stacking in the experiments to
address the problems. The experimental results found that the most importance skill using the
stacking technique appeared to subject area of mathematical logic. There is an accuracyrate of
77% performed better which is compared to other techniques. This subject is the fundamental
of other knowledge areas. It affects the admission to higher education.

KEYWORDS: Imbalanced data, Recursive Feature Elimination, SMOTE, Ensemble learning-based
model, Multiple-intelligence skills, Single Imputation
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ABSTRACT - The foot arch is a key role in supporting the weight of the body and providing
propulsion force during push-off, it enables a more natural and aesthetic gait and protects the
foot from injury. An effective way to prevent injuries caused by abnormal foot arches is to use
suitable personalized insoles. Personalized insoles can reduce and relieve the pain that caused
by abnormal of the foot arches, which can be difficult to make for each particular type. Current
methods of analyzing foot arches are manual calculation, which is time consuming and prone to
human error. Therefore, the objective of this study is to classify foot arches posture and
determine different foot arch types based on the foot scan image by develop an application to
improve the analysis of personalized insole. As the result, our foot arch type classification gives
the satisfied result at 87.5% comparing to the data classified by expert.

KEYWORDS: Image Processing, Foot Arch, Information Technology, Arch Index, Personalized
insole

. will ease insole producers to classify foot arch type
1. Introduction for each individual efficiently. An example of an
Foot posture is an important component of image from Presscam analysis tool is shown in Figure
musculoskeletal assessment in clinical practice and 1. Note that an image from Presscam analysis tool
research. One reason is that foot helps humans  will be called as foot pressure image in this paper.
maintain and relocate their center of gravity; foot
posture alignment also related to how the body weight
is distributed so that humans can balance their
stability. The abnormal feet might introduce health
issues such as walking performance or posture
maintaining.

An effective way to prevent any injuries caused
by abnormal foot arches is to wuse suitable
personalized insoles so that it would perfectly fit each
particular type. However, current methods of
analyzing foot arch type involve X-ray and getting the i
image from Presscam analysis tool and then manually analysis tool
identify the foot arch type, which is time-consuming
and prone to human errors. It causes the unpopularity
of personalized insoles. Based on this, we then
pro;)ose to develop a system called Foot Arch Posture 2. BaCkground and Related Work
Classification using Image Processing (FAP) to
improve the analysis of personalized insole. This
system will accept an image from Presscam analysis
tool and automatically classify the foot arch type. This

Figure 1. An example of an image from Presscam

In this section, we provide the background and related
works.

“Corresponding Author: wudhichart.saw@mahidol.edu
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2.1 Foot type classification

On the average, there are 2.2% of population that
suffer from the abnormally of foot [1]. Their related
symptoms are associated with poor health outcomes,
and more likely chance to occur when the ages
increase [2].

To better understand the problem, a foot type can
be classified into three categories shown in Figure 2.
The first, the normal foot type or neutrally aligned
foot (Figure 2a), contains the characteristic of
balancing between the horizontal forefoot and a
calcaneus.

The second, cavus foot (Figure 2b), also known
as high arches (per cavus) is a condition where the
bend in the middle of the foot is abnormally high.
When a person with cavus foot type is walking or
standstill, their weight highly presses on the ball and
heel of their feet. With this, standing for a long time
might affect the balance and can cause the sprained
ankle [3].

The last, low feet or flat feet (Figure 2¢) is where
there is no arch in the foot and the whole sole touches
the ground. This type of foot is quite common in
children because their bones are still developing.
However, for the adult, flat feet can cause the lower
back and knee pain as their foot cannot absorb the
impact while walking. It can also affect the uneven
distribution of body weight which, in the long run,
can result in shoes wearing down unevenly or more
quickly than usual, especially on one side and may
cause the further injuries [4].

OOOQO OOOOO OOOQO

[a] NORMAL [b] HIGH [c] FLAT

Figure 2. Foot Arch Types consist of (a) normal foot,
(b) cavus foot or high arch foot, and (c) flat foot

To analyze the foot type traditionally, the clinical
protocols in [5] stated the use of the navicular height
and the arch index. The navicular height can be
obtained by measure from the supported surface to the
navicular tuberosity, which is located at the side of the
foot. In [6], they use the sided X-ray image to perform
the flat feet classification. However, our study is focus
on using the foot pressure image for classification.
Thus, it is more suitable to use the arch index
measurement; in the next subsection, we explained the
process of calculating the arch index.
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2.2 The arch index calculation

The arch index lies in the area of the middle third of
the footprint. Thus, the foot area is divided into 3
equal parts; the arch index is calculated by using the
ratio of the middle third of the footprint to the entire
footprint area (excluding the toes). Based on [7] and
[8], the final arch index can be calculated using
Equation 1.

Arch index (AI) =

(A+B+0C)
Equation 1 Arch Index Calculation

where A, B, and C are the area of parts of foot as

shown in Figure 3.
Q00
L . '

Figure 3. Area A, B, and C for calculating of the arch
index value

Fam DA~
CR I

Finally, a range of the arch index scores can have
a range from 0 to 0.39. With the mean 0.24, median
0.24 and standard deviation (SD) 0.06, they can be
categorized into 3 groups as shown in Table 1.

Table 1. Foot Arch Type and Arch Index
Foot Arch Type Arch Index
High <0.21
Normal [0.21,0.28]
Flat >0.28

The arch index of normal type (£ 1 SD from the
mean) is 0.21 to 0.28, high type (< 1 SD) is lower
than 0.21, and flat type (> 1 SD) is more than 0.28
[7,8].

Therefore, we plan to design a system that would
calculate the arch index scores from given input
image then interpret the foot type with only the
provided information.

3. System and Design

In this section, we describe the detail of our system
FAP and design. Firstly, we acquired an input image
data as foot pressure image from Presscam analysis
tool. The user stood on SIDAS Foot Scanner (Figure
4a). After that, the obtained plantar surface of the foot
transferred to the Presscam analysis tool



(Figure 4b) and the foot pressure image is retrieved.

/) @ B ()

Figure 4. The data was obtained using: (a) SIDAS
Foot Scanner and (b) Presscam analysis tool

The foot pressure images as shown in Figure 5
were collected as our dataset. There were 100 foot
pressure images scanned by SIDAS Foot Scanner. It
can be considered that each foot pressure image has 2
sides of foot (left and right). Therefore, there were
200 individual scan images in total, which had a mix
of 3-foot types, which were normal (93), high (84),
and flat foot (23).

|

L | LLii]
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""" " it L2
lgii:! e
"iEER Baan
q"l I .ﬁl
[b] High

[c] Flat
Figure 5. Examples of Foot Pressure Image for each
Foor Arch Type
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As can be seen in Figure 5, the color in the image
is the level of pressure, when a person stands on
SIDAS Foot Scanner. Basically, the level is ordered
from blue, violet, light violet, green, light green,
yellow, dark yellow, orange, and red as low to high
respectively. The foot arch type of each image in our
dataset has been labelled by experts from Thailand
National Metal and Materials Technology Center
(MTEC).

As stated earlier, due to the time consuming and
prone to human errors caused by manual calculation,
personalized insoles are not widely available in the
market. Facing this challenge, we propose an
approach to classify the foot arch types using image
processing.

FAP System has two main modules: User
Interaction and Classification by Foot Arch Index.
The structure chart is in Figure 6.

Classification by
Foot Arch Index

Calculation

]

Figure 6. Structure Chart of FAP System"

Arch Index ‘

The description of each module of FAP System is
described as followed:

1. User Interaction: provides for all users to

access to FAP System, which can interact by

two modules: Add Image and View Foot

Type.
a. Image Adding: allows users to add
an image of a foot pressure image or
a set of images that users want to
classify its foot type.
b. View Foot Type Result: allows

users to view the foot type as an
output of the system.
Foot Arch index: performs classification of
FAP System.



a. Image Getting: allows the system to
retrieve the input or foot scan image
for the classification by foot arch

index.
b. Pre-processing: applies a method
for suppressing unwanted

information of the input or foot scan
image before forwarding to find the
arch index.

c. Arch Index Calculation: calculates
the arch index value and classify the
foot type based on the foot arch
index method.

FAP System consists of three main components,
which are the web application, web server and the
classification module. The reason we select web
application technology is due to their popularity and
flexibility across platforms.

. Fost Premarcimoge == SendRequesr Q Flask
-t i
Insole Manudacture -
web Weh Herver
Foot P .
e Fout Arch Type

Classlficatinn Madule

Figure 7. System Architecture of FAP System

The system architecture shown in Figure 7,
represents the process of FAP System. Firstly, the
user or insole manufacturer can upload the foot
pressure image to our web application. Then, the
application sends a request for connecting to the web
server. Once connected, it submits foot pressure
image to the classification module.

Next, once the classification module receives a
foot pressure image, it performs the foot arch type
classification. The process is to classify the foot type
of a foot pressure image and send the result (foot
type) back to the web server. Then, the output
displays on the application.

The system architecture of the classification
module (shown in Figure 8) represents how the model
proceeds the classification with the input (foot
pressure image). Firstly, it receives the image and
performs the pre-processing to adjust the distortions
on the image file. Then, it calculates the arch index
based on the pre-processed image. Finally, the arch
index value defined in Table 1to classify the foot arch

type.
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Figure 8. System Architecture of Classification
Module

4. Implementation
In this section, we explain the process of
implementing our application. According to the
structure chart in Figure 6. Users can make use of the
web interface as shown in Figure 9to upload their
image and view the result.

Upload Images

| Choose Files | 1 o

igure 9. Upload image page

Once the user uploads the foot image, the next
process is to classify the foot type. For the
classification module, our implementation is based on
web technology and Python [9]. According to the
system architecture of the classification module, as
shown in Figure 8, the processes are as followed. In
the following explanation, the image in Figure 10 will
be used.

EH |

HE = i

] L] ;
¥

] 44 58 55 &4 | Wﬂ:ﬂ.:ﬂﬂ
nF 24 ' 42 45 51 82 58,

[ ER-E 34 44 56 62 B3 4|

44 51 5145 ¥ 40 51 56 81 57|

Figure 10. An example of Foot Pressure Image for
Explanation

Firstly, the classification module receives an
image from the user, then it applies the Python



program to find the arch index. An image that is
accepted by this system is RGB image.

The steps of pre-processing are as follows. In the
beginning, the RGB input image is converted into the
grayscale using scikit-image' library in Python as
shown in Figure 11.
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Figure 11. Grayscale image of Figure 10

Next, as can be seen in the grayscale image,
there are square blocks (see Figure 12). To find the
area of foot, the number of pixels can be used instead.
Therefore, we convert this image to binary image by
mapping each square block to 1 pixel. The size of
each square block is 12 x 12 pixels. In order to map
each square block to 1 pixel in binary image, the
average of color value of a square block is used. The
notion is that if the average color value of a square
block is close to 0, it will be black. Otherwise, it will
be white. The result of this process is shown in Figure
13. The size of the binary image is 40 x 40 pixels.

Figure 12. Square Block

The next process is to remove the toe parts from
the binary imagel. To do that, we first counting the
numbers of black pixels in each line, horizontally and
vertically, and collect them as a set ofl, and I,.

The actual width and height of the given foot, w
and h, are defined using the maximum values of

elements within the set of I, and I,,, respectively.

https://scikit-image.org/docs/dev/auto_examples/color_exposure/plot_rgb_to_gray.html

84

JIST Journal of Information Science and Technology
Volume 11, NO 1 | JAN — JUN 2021 | 80-87

With this, we perform the toe removal process
by searching through the set ofl;,.We then discard any
componentsthatcontain values less than a half of the
foot width or w/2; weassume that the toe would not
likely be wider than a half of its corresponding foot.

Note that to avoid removing the arch area, we
apply a similar assumption and limit the search by
one-fourth of the foot height or h/4.

0 01
5 51
10 1 10 A
. [
15 15 -
20 -
25
30 30
s 35
T T T T T T T
0 5 10 15 0 5 10 15

Figure 13. Binary Image

After that, the result (Figure 14) is the input for
the next process, which is the arch index calculation.
To do that, the method we use is as explained in the
section of the arch index calculation.

0.0
Figure 14. An image after removing the toe

25 50 75

Finally, we would use the arch index to interpret
the foot type to be high, normal, and flat foot. This
result display for the user via our web application
interface through the connection of Flask [10]
implementation as shown in Figure 15.



Arch Index

File
Name

2jpg Normal 0.2323 Normal 0.2424

42.jpg Flat 03305 Flat 0.3258

s57.pg High 0.1081 High 0.0485

Figure 15. Arch index and foot arch types of result

5. Experiment and Discussion
In this section, the detail of the experiment and
analysis are presented.

5.1 Experiment Description

The input data that we used to calculated and
classified foot type were 100 pairs of foot pressure
images dataset or 200 feet images in total. They came
from the Presscam analysis tool. The dataset consists
of 3 foot types as high, normal and flat as shown in
Figure 4. The images that we use is in JPEG format
with resolution 500 x 500 pixels. To evaluate our
system, we conducted our experiment based on 3
types of processed data those are the sets of arch
index value from pre-labeled values and our results (It
is called Thresholding).

These pre-labeled values were given by the
experts are divided into two sets. For the first set of
data, the experts had the process of modified the
number of rows of squares in images (It is called
Labeled by expert) before the calculation, and they
had not done for the second set (It is called Labeled
by expert (New)). In the end, we conducted 3
experiments to compare between these Labeled by
expert, Labeled by expert (New) and our
Thresholding data. More details will be discussed
later.

The reason behind the stated process of
modification is due to the human error nature when
doing the classification. To be more precise, when the
human would like to calculate the arch index from the
foot pressure image (see Figure 5). They need to
divide the foot image into 3 parts as required by the
method of calculation discussed before. To make the
process easier, they would try to adjust the original
input by increasing and decreasing the number of
rows of squares. For example, if an image has 20
rows, for humans, we will increase the number of
rows to 21 so that it would be easier to divide into 3
parts. However, this might lead to the error of
calculation.

With this, it can be counted as the advantage of
using our system as, unlike humans, the machine will
not conduct things based on their convenience. Thus,
our system does not need to increase or decrease the
row and just use the pixel level of images to calculate
the arch index.
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To gain more understanding, Figure 16shows the
example of the foot pressure image, which has 19
rows of square block in total, which is the foot area.
Based on this, the human might decrease the number
of rows from 19 to 18 so that the 3-parts division
process will be easier. By using the original number
of rows, the arch index of the left and right foot is
both 0.28, which means that both sides of feet are flat
foot. However, if we decrease the number of rows, the
arch index of left and right foot will be shifted to 0.26
and 0.27 respectively, and this reflects a normal foot
for both cases. Thus, that is why modifying the
number of rows of squares in images can lead to the
wrong arch type.

= 68 & & 37
ammmm sl
Lk TR

Figure 16. Example case where the image cannot be
divided by 3

For our approach, FAP will divide 19 by 3,
which is equal to 6.33. As can be seen, it is not
possible to get 6.33 pixels. FAP will calculate part A,
B, and C (see Figure 3) by rounding the pixel up and
sharing the pixels that in the middle of A and B or B
and C. For example, in this case, the row of pixel of A
is1-7,Bis7-13,Cis 13- 19.

Thus, we set up experiments to compare the
results based on these assumptions. All results
presented in this section have been conducted on a
64bit Dual-Core Intel Core 5 dual 2.5GHz machine,
with 4GB of RAM under Windows 10. We use
Python 2.7 and Flask 1.0.2.

5.2 Experiment Results and Discussion

As stated before, we have used the Labeled by expert,
Labeled by expert (New) and Thresholding data. We
presented the experimental results by using scatter
plot with a linear line, where each data point
represents each foot image input, each x-axis and y-
axis represents the calculation of the Thresholding
and Labeled by expert, respectively. Figure 17and
Figure 18show the arch index value from the right and
left foot.



The result shows that the correctness of our
program comparing to data Labeled by the expert on
both sides of the foot is 77%. This low number caused
by the human nature of increasing and decreasing the
number of rows for calculation as stated before.

Right Arch Index

Thresholding

0.2 0.4 0.5

Labeled by expert
Figure 17. Comparison of right foot Arch Index Data
between labeled by expert with modifying the number
of rows and calculating by using a program
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Thresholding

0.1 0.2 03 0.4

Labeled by expert

Figure 18. Comparison of left foot Arch Index Data
between labeled by expert with modifying the number
of rows and calculating by using a program

Therefore, after discussing these problems with
the experts, they admitted that the arch index
calculation by modifying the number of rows of
squares in images was due to human error. Then, they
agreed to change the way of calculating the footprint
area by using the exact number of rows of squares to
calculate the arch index and classify foot arch type as
Labeled by expert (New) data.

This leads to the second experiment. The results
are shown in Figure 19andFigure 20. These figures
show that the correctness of Labeled by expert data is
only 84.5% comparing to Labeled by expert (New)
data. This is because, as mentioned, if the number of
rows of squares in images is modified, this may lead
to wrong arch index value and type.
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T 0a

2

3 . tyn.t
0.3

- . s

K o =T,

Tt w”

T 02 ' I

= A

r-1

o041

0.0

0.2 03 0.4

Labeled by expert (New)

Figure 19. Comparison between right foot Arch Index
Data between labeled by expert with modifying the
number of rows and right foot Arch Index Data
labeled by expert without modifying the number of
rows
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Figure 20. Comparison between left foot Arch Index
Data between labeled by expert with modifying the
number of rows and left foot Arch Index Data labeled
by expert without modifying the number of rows

Finally, we conduct the third experiment to
compare between Labeled by expert (New) data and
FAP data. The results are shown in Figure 17 and
Figure 18. As we can see, the correctness of FAP
compared to the one labeled by the expert (New) is
87.5%, which is better than the first and second
experiment. In addition, if we observe these scatter
plot, it can be seen that the data points are very close
to the linear line for both foot sides.

Right Arch Index
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Threshaolding
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Figure 21. Comparison of right foot Arch Index

Data between labeled by expert without modifying
the number of rows and calculating by using FAP
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Figure 22. Comparison of left foot Arch Index Data
between labeled by expert without modifying the
number of rows and calculating by using FAP

Therefore, it is evidently important that modifying
the number of rows of squares in images is necessary
to be re-considered since this is a factor of the errors
in manual classifying foot arch types. On the other
hand, FAP can increase the accuracy of classification
when the number of rows of squares in images is not
modified and decrease the human error and
classification time since our program calculates arch
index at the pixel level of images. In addition to this,
for the classification time, it is clearly seen that our
approach spends less time the manual calculation by
humans.

6. Conclusion

In the process of creating the personalized insole, it
requires the knowledge of the foot arch index which
can lead to the prediction of foot type: high, normal,
and flat. However, the manual method can cause time-
consuming and human errors. Effectively, the reasons
for using our proposed approach have been driven by
two factors. Firstly, it can reduce human error,
especially from fatigued, and improve accuracy of
calculation process. Secondly, the classification can
be performed in short periods and lead to overall time
reduction.

In the experimental result, we observe the actual
problem of human errors by their adding or removing
the number of rows from the original inputs and this
can be a cause of wrong calculation. However, our
system does not have the same problem and our
results support that statement.

However, there are some limitations to our
approach. For example, the thresholding method may
not remove toes in some cases. Therefore, to improve
the performance of our approach and finding a better
way of classifying foot arch types, we aim for
applying Machine Learning to extract parameter by a
foot feature using different algorithms and analyzing
data in the perspective of correctness, high
performance and effectiveness.

87

I."S'r Journal of Information Science and Technology
Volume 11, NO 1 | JAN — JUN 2021 | 80-87

References

(1]

(3]

(3]

(7]

Z. Mei, K. Ivanov, G. Zhao, Y. Wu, M. Liu, and
L. Wang, “Foot typeclassification using sensor-
enabled footwear and 1d-cnn,” Measurement,
vol. 165, pp. 108184, 2020.

Y. M. Golightly, M. T. Hannan, A. B. Dufour,
and J. M. Jordan, “Racialdifferences in foot
disorders and foot type,”Arthritis care &
research, vol. 64, pp. 1756-1759, 2012.

Foot and Ankle Clinic of the Virginias, “What
are the risk of cavus foot(higharches)?,” Foot
and Ankle Clinic of the Virginias. [Online].
Available:  https://drfootpain.com/cavus-foot-
high-arches-risks/. [Accessed: Jan. 20, 2021].
W. Morrison and A. Felman, “What’s to know
about flat feet?,” Healthline Media UK Ltd,
2018. [Online]. Available:
https://www.medicalnewstoday.com/articles/168
608.php. [Accessed: Jan. 20, 2021].

G. S.Murley, H. B.Menz, and K. B.Landorf, “A
protocol for classifyingnormal-and flat-arched
foot posture for research studies using
clinicaland radiographic measurements.” Journal
of foot and ankle research, vol. 2, pp. 1-13,
20009.

M. S. Jian, J. H. Shen, Y. C. Chen, C. C. Chang,
Y. C. Fang,C. C.Chen, and W. H. Chen,“Cloud
image processing and analysisbasedflatfoot
classification method,” International Journal of
Computers, vol. 8, pp. 90-98,2014.

H. B.Menz, M. R.Fotoohabadi, E. Wee, and M.
J. Spink, “Visualcategorisation of the arch
index: a simplified measure of foot posture
inolder people,” Journal of foot and ankle
research, vol. 5, pp. 1-7, 2012.

B. J. Prihonska, “Analysis of foot typology in
basketball players,” M. S. thesis, Masaryk
University, Czechia, Czech Republic, 2018.
Python Software Foundation, “Python,” Python
Software Foundation, 2021. [Online].
Available: https://www.python.org/. [Accessed:
Jan. 20, 2021].

M  Grinberg, Flask web
developing web applications
O’Reilly Media, Inc., 2018.

development:
with  python,



_ pﬂm?-‘ op I."S'r Journal of Information Science and Technology
(\; ) ) Yutormation Seience and Technology Volume [1.NO 1 LIANC JUN 2021 8850
E ISSN: 1906-9553 (Print)

—

/ = Aax v A (% 9 as o [ o s A
fﬂi!fﬂ%EJULﬂﬂU?ﬁﬂWiﬂﬂlﬂ@ﬂﬂ‘mﬁﬂngﬂ’JﬂiﬁwL@V\I ﬁ"mi‘]JWﬂ"lfJﬂTﬂﬂTﬁ‘W NN

UFuilgamsduunanumuignn

Comparison of Feature Selection Method with ReliefF base on
Multi Label Algorithm to Improve Semantic Image Classification
wvAgaail iMedng’ way Weidin Suilaisus’

Tejtasin Phiasai'and Nutchanun Chinpanthana2
'‘muinenmansuazmal vl ad anInendeg) WiesssNE Y
Snendeuianssuanunal ul afinayImnssumans siinndegsnotiadiag
'School of Science and Technology, SukhothaiThammathirat Open University, Chaengwattana rd.

2College of Innovative Technology and Engineering, Dhurakij Pundit University

\ Received: April 10, 2021; Revised: May 25, 2021; Accepted: June 19, 2021; Published: June 25, 2021 /

ABSTRACT - Image classification is developed as part of a framework in digital image
processing. The image extraction in relevant features is the most challenging part of
classification. The performance of algorithm depends on features considered from the
dataset. There are many algorithms attempt to analyze and combine all features but
high dimensional dataset degrades the performance of algorithm. To overcome this
problem, we propose a ReliefF base on Multi Label Algorithm (ReliefF-ML) to improve
semantic image classification. Feature selection technique is used as a first step to
analyze in large data set that is to find relevant features and removes redundant
features from high dimensional dataset. This paper presents four steps including (1)
data preprocessing, (2) feature extraction, (3) ReliefF-ML feature selection model, and
(4) efficiency measurement and evaluation of experimental results. The experimental
results indicate that our framework offers performance improvements with ReliefF-ML
feature selection algorithm. The proposed model can achieve significant improvements
for image classification with maximum success rate of 78.87% with 12 features.

KEYWORDS: Image classification, Digital image processing, Feature selection, ReliefF, Semantic
images
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Algorithm 1.Pseudo-codeReliefF-ML

Require: for each training instance a vector of feature
values and the class value

Input: T : data training set of multi label,
m : the number of sample instances,
k_nn : the number of nearest neighbors
Output: weight vector @ for the feature attributes

Begin
forf € Fdo
(A)f = 0}
end for
forl € Ldo
Computing label probability 0;in equation
Q)
end for
forl = 1 to Mdo
Random [ from T;
for label [ € Y;do
Updating k-nearest neighborsHl-l
Computing Probability le_l in equation (3)
end for
for label [ € ¥; do
Updating k-nearest neighborsML-l;
Computing Probability lel in equation
4)
end for
for fE Fdo
Updating weight a)fin equation (5)
end for
end for
return ;
End
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Algorithm 2.Pseudo-code Relief

Require: for each training instance a vector of feature
values and the class value

Input:

D : data training set of feature data matrix,

N : the number of repeat times,

K : the number of the neighbors,

Output: weight vector @ for the feature attributes

Begin
for J€ M do
Random select an instance R ;;
FindingK nearest hits
and nearest misses M
for i=1 to all features do
Updating estimation@); in equation (11);
end for
end for
End
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