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Welcome Message of EIDWT-2021 International
Conference Organizers

Welcome to the 9th International Conference on Emerging Internet, Data and Web
Technologies (EIDWT-2021), which will be held from February 25 to February 27,
2021, in Chiang Mai, Thailand.

The EIDWT is dedicated to the dissemination of original contributions that are
related to the theories, practices and concepts of emerging Internet and data tech-
nologies, yet most importantly of their applicability in business and academia
toward a collective intelligence approach.

In EIDWT-2021, topics related to information networking, data centers, data
grids, clouds, social networks, security issues and other Web 2.0 implementations
toward a collaborative and collective intelligence approach leading to advance-
ments of virtual organizations and their user communities will be discussed. This is
because, current and future Web and Web 2.0 implementations will store and
continuously produce a vast amount of data, which if combined and analyzed
through a collective intelligence manner will make a difference in the organizational
settings and their user communities. Thus, the scope of EIDWT-2021 includes
methods and practices which bring various emerging Internet and data technologies
together to capture, integrate, analyze, mine, annotate and visualize data in a
meaningful and collaborative manner. Finally, EIDWT-2021 aims to provide a
forum for original discussion and prompt future directions in the area.

An international conference requires the support and help of many people. A lot
of people have helped and worked hard for a successful EIDWT-2021 technical
program and conference proceedings. First, we would like to thank all authors for
submitting their papers. We are indebted to program area chairs, program com-
mittee members and reviewers who carried out the most difficult work of carefully
evaluating the submitted papers. We would like to give our special thanks to the
honorary chair of EIDWT-2021 Prof. Makoto Takizawa, Hosei University, Japan,
for his guidance and support. We would like to express our appreciation to our
keynote speakers for accepting our invitation and delivering very interesting key-
notes at the conference.

v



EIDWT-2021 International Conference
Organizers

EIDWT-2021 Steering Committee Chair

Leonard Barolli Fukuoka Institute of Technology (FIT), Japan

EIDWT-2021 General Co-chairs
Juggapong Natwichai Chiang Mai University, Thailand
David Taniar Monash University, Australia

EIDWT-2021 Program Committee Co-chairs
Pruet Boonma Chiang Mai University, Thailand
Tomoya Enokido Rissho University, Japan

vii



EIDWT-2021 Organizing Committee

Honorary Chair

Makoto Takizawa Hosei University, Japan

General Co-chairs

Juggapong Natwichai Chiang Mai University, Thailand
David Taniar Monash University, Australia

Program Co-chairs

Pruet Boonma Chiang Mai University, Thailand
Tomoya Enokido Rissho University, Japan

International Advisory Committee

Publicity Co-chairs

Prompong Sugunnasil Chiang Mai University, Thailand
Kin Fun Li University of Victoria, Canada
Keita Matsuo Fukuoka Institute of Technology, Japan
Omar Hussain University of New South Wales, Australia
Flora Amato University of Naples “Frederico II”, Italy

International Liaison Co-chairs

Paskorn Champrasert Chiang Mai University, Thailand
Admir Barolli Alexander Moisiu University, Albania
Santi Caballé Open University of Catalonia, Spain
Elis Kulla Okayama University of Science, Japan
Farookh Hussain University of Technology Sydney, Australia
Nadeem Javaid COMSATS University Islamabad, Pakistan

Local Organizing Committee Co-chairs

Web Administrators

Phudit Ampririt Fukuoka Institute of Technology, Japan
Kevin Bylykbashi Fukuoka Institute of Technology, Japan
Ermioni Qafzezi Fukuoka Institute of Technology, Japan

Finance Chair

Makoto Ikeda Fukuoka Institute of Technology, Japan

viii EIDWT-2021 International Conference Organizers



Steering Committee Chair

Leonard Barolli Fukuoka Institute of Technology, Japan

PC Members

Akimitsu Kanzaki Shimane University, Japan
Akio Koyama Yamagata University, Japan
Akira Uejima Okayama University of Science, Japan
Akshay Uttama Nambi S. N. Microsoft Research India, India
Alba Amato National Research Council (CNR)—Institute

for High-Performance Computing
and Networking (ICAR), Italy

Alberto Scionti LINKS Foundation, Italy
Albin Ahmeti TU Wien, Austria
Alex Pongpech National Institute of Development

Administration, Thailand
Ali Rodan Higher Colleges of Technology,

United Arab Emirates
Alfred Miller Higher Colleges of Technology,

United Arab Emirates
Amelie Chi Zhou ShenZhen University, China
Amin M. Khan Pentaho, Hitachi Data Systems, Japan
Ana Azevedo ISCAP, Porto, Portugal
Andrea Araldo Massachusetts Institute of Technology, USA
Animesh Dutta National Institute of Technology, Durgapur, India
Anirban Mondal Shiv Nadar University, India
Anis Yazidi Oslo and Akershus University College of Applied

Sciences, Norway
Antonella Di Stefano University of Catania, Italy
Arcangelo Castiglione University of Salerno, Italy
Beniamino Di Martino University of Campania “Luigi Vanvitelli”, Italy
Benson Raj Higher Colleges of Technology,

United Arab Emirates
Bhed Bista Iwate Prefectural University, Japan
Bowonsak Srisungsittisunti University of Phayao, Thailand
Carmen de Maio University of Salerno, Italy
Chang Yung-Chun Teipei Medical University, Italy
Chonho Lee Osaka University, Japan
Chotipat Pornavalai King Mongkut's Institute of Technology

Ladkrabang, Thailand
Christoph Hochreiner TU Wien, Austria
Congduc Pham University of Pau, France
Dalvan Griebler Pontifícia Universidade Católica do Rio Grande

do Sul, Brazil
Dana Petcu West University of Timisoara, Romania

EIDWT-2021 International Conference Organizers ix



Danda B. Rawat Howard University, USA
Debashis Nandi National Institute of Technology, Durgapur, India
Diego Kreutz Universidade Federal do Pampa, Brazil
Dimitri Pertin Inria Nantes, France
Dipankar Das Jadavpur University, Kolkata, India
Douglas D. J. de Macedo Federal University of Santa Catarina, Brazil
Dumitru Burdescu University of Craiova, Romania
Dusit Niyato NTU, Singapore
Elis Kulla Okayama University of Science, Japan
Eric Pardede La Trobe University, Australia
Fabrizio Marozzo University of Calabria, Italy
Fabrizio Messina University of Catania, Italy
Feng Xia Dalian University of Technology, China
Francesco Orciuoli University of Salerno, Italy
Francesco Palmieri University of Salerno, Italy
Fumiaki Sato Toho University, Japan
Gabriele Mencagli University of Pisa, Italy
Gen Kitagata Tohoku University, Japan
Georgios Kontonatsios Edge Hill University, UK
Ghazi Ben Ayed Higher Colleges of Technology,

United Arab Emirates
Giovanni Masala Plymouth University, UK
Giovanni Morana C3DNA, USA
Giuseppe Caragnano LINKS Foundation, Italy
Giuseppe Fenza University of Salerno, Italy
Gongjun Yan University of Southern Indiana, USA
Guangquan Xu Tianjing University, China
Gustavo Medeiros de Araujo Universidade Federal de Santa Catarina, Brazil
Harold Castro Universidad de Los Andes, Bogotá, Colombia
Hiroaki Yamamoto Shinshu University, Japan
Hiroshi Shigeno Keio University, Japan
Houssem Chihoub Grenoble Institute of Technology, France
Ilias Savvas TEI of Larissa, Greece
Inna Skarga-Bandurova East Ukrainian National University, Ukraine
Isaac Woungang Ryerson University, Canada
Ja’far Alqatawna Higher Colleges of Technology,

United Arab Emirates
Jamal Alsakran Higher Colleges of Technology,

United Arab Emirates
Jamshaid Ashraf Data Processing Services, Kuwait
Jaydeep Howlader National Institute of Technology, Durgapur, India
Jeffrey Ray Edge Hill University, UK
Ji Zhang University of Southern Queensland, Australia
Jiahong Wang Iwate Prefectural University, Japan
Jugappong Natwichai Chiang Mai University, Thailand

x EIDWT-2021 International Conference Organizers



Kazuyoshi Kojima Saitama University, Japan
Ken Newman Higher Colleges of Technology,

United Arab Emirates
Kenzi Watanabe Hiroshima University, Japan
Kiyoshi Ueda Nihon University, Japan
Klodiana Goga LINKS Foundation, Italy
Leila Sharifi Urmia University, Iran
Leyou Zhang Xidian University, China
Lidia Fotia Università Mediterranea di Reggio Calabria

(DIIES), Italy
Long Cheng Eindhoven University of Technology,

The Netherlands
Lucian Prodan Polytechnic University Timisoara, Romania
Luiz Fernando Bittencourt UNICAMP - Universidade Estadual

de Campinas, Brazil
Makoto Fujimura Nagasaki University, Japan
Makoto Nakashima Oita University, Japan
Mansaf Alam Jamia Millia Islamia, New Delhi, India
Marcello Trovati Edge Hill University, UK
Mariacristina Gal University of Salerno, Italy
Marina Ribaudo University of Genoa, Italy
Markos Kyritsis Higher Colleges of Technology,

United Arab Emirates
Marwan Hassani TU Eindhoven, The Netherlands
Massimo Torquati University of Pisa, Italy
Matthias Steinbauer Johannes Kepler University Linz, Austria
Matthieu Dorier Argonne National Laboratory, USA
Mauro Marcelo Mattos FURB Universidade Regional de Blumenau,

Brazil
Mazin Abuharaz Higher Colleges of Technology,

United Arab Emirates
Minghu Wu Hubei University of Technology, China
Mingwu Zhang Hubei University of Technology, China
Minoru Uehara Toyo University, Japan
Mirang Park Kanagawa Institute of Technology, Japan
Monther Tarawneh Higher Colleges of Technology,

United Arab Emirates
Morteza Saberi UNSW Canberra, Australia
Mohsen Farid University of Derby, UK
Motoi Yamagiwa University of Yamanashi, Japan
Mouza Alshemaili Higher Colleges of Technology,

United Arab Emirates
Muawya Aldalaien Higher Colleges of Technology,

United Arab Emirates
Mukesh Prasad University of Technology, Australia

EIDWT-2021 International Conference Organizers xi



Muhammad Iqbal Higher Colleges of Technology,
United Arab Emirates

Naeem Janjua Edith Cowan University, Australia
Naohiro Hayashibara Kyoto Sangyo University, Japan
Naonobu Okazaki University of Miyazaki, Japan
Neha Warikoo Academia Sinica, Taiwan
Nobukazu Iguchi Kindai University, Japan
Nobuo Funabiki Okayama University, Japan
Olivier Terzo LINKS Foundation, Italy
Omar Al Amiri Higher Colleges of Technology,

United Arab Emirates
Omar Hussain UNSW Canberra, Australia
Osama Alfarraj King Saud University, Saudi Arabia
Osama Rahmeh Higher Colleges of Technology,

United Arab Emirates
P. Sakthivel Anna University, Chennai, India
Panachit Kittipanya-Ngam Electronic Government Agency, Thailand
Paolo Bellavista University of Bologna, Italy
Pavel Smrž Brno University of Technology, Czech Republic
Peer Shah Higher Colleges of Technology,

United Arab Emirates
Pelle Jakovits University of Tartu, Estonia
Per Ola Kristensson University of Cambridge, UK
Philip Moore Lanzhou University, China
Pietro Ruiu LINKS Foundation, Italy
Pornthep Rojanavasu University of Phayao, Thailand
Pruet Boonma Chiang Mai University, Thailand
Raffaele Pizzolante University of Salerno, Italy
Ragib, Hasan The University of Alabama at Birmingham, USA
Rao Mikkilineni C3dna, USA
Richard Conniss University of Derby, UK
Ruben Mayer University of Stuttgart, Germany
Sachin Shetty Old Dominion University, USA
Sajal Mukhopadhyay National Institute of Technology, Durgapur, India
Salem Alkhalaf Qassim University, Saudi Arabia
Salvatore Ventiqincue University of Campania “Luigi Vanvitelli”, Italy
Samia Kouki Higher Colleges of Technology,

United Arab Emirates
Saqib Ali Sultan Qaboos University, Australia
Sayyed Maisikeli Higher Colleges of Technology,

United Arab Emirates
Sazia Parvin Deakin University, Australia
Sergio Ricciardi Barcelonatech, Spain
Shadi Ibrahim Inria Rennes, France
Shigetomo Kimura University of Tsukuba, Japan

xii EIDWT-2021 International Conference Organizers



Shinji Sugawara Chiba Institute of Technology, Japan
Sivadon Chaisiri University of Waikato, New Zealand
Sofian Maabout Bordeaux University, France
Sotirios Kontogiannis University of Ioannina, Greece
Stefan Bosse University of Bremen, Germany
Stefania Boffa University of Insubria, Italy
Stefania Tomasiello University of Salerno, Italy
Stefano Forti University of Pisa, Italy
Stefano Secci LIP6, University Paris 6, France
Suayb Arslan MEF University, Istanbul, Turkey
Subhrabrata Choudhury National Institute of Technology, Durgapur, India
Suleiman Al Masri Higher Colleges of Technology,

United Arab Emirates
Tatiana A. Gavrilova St. Petersburg University, Russia
Teodor Florin Fortis West University of Timisoara, Romania
Thamer AlHussain Saudi Electronic University, Saudi Arabia
Titela Vilceanu University of Craiova, Romania
Tomoki Yoshihisa Osaka University, Japan
Tomoya Kawakami NAIST, Japan
Toshihiro Yamauchi Okayama University, Japan
Toshiya Takami Oita University, Japan
Ugo Fiore University of Naples “Frederico II”, Italy
Venkatesha Prasad Delft University of Technology, The Netherlands
Victor Kardeby RISE Acreo, Sweden
Vlado Stankovski University of Ljubljana, Slovenia
Walayat Hussain University of Technology, Australia
Xingzhi Sun IBM Research, Australia
Xu An Wang Engineering University of CAPF, China
Xue Li The University of Queensland, Australia
Yoshinobu Tamura Tokyo City University, Japan
Yue Zhao National Institutes of Health, USA
Yunbo Li IMT Atlantique, France
Zasheen Hameed Higher Colleges of Technology,

United Arab Emirates
Zia Rehman COMSATS University Islamabad, Pakistan

EIDWT-2021 International Conference Organizers xiii



EIDWT-2021 Reviewers

Ali Khan Zahoor
Amato Flora
Amato Alba
BarolliAdmir
Barolli Leonard
Bista Bhed
Caballé Santi
Chellappan Sriram
Chen Hsing-Chung
Cui Baojiang
Di Martino Beniamino
Enokido Tomoya
Fun Li Kin
Gotoh Yusuke
Hussain Farookh
Hussain Omar
Javaid Nadeem
Ikeda Makoto
Ishida Tomoyuki
Kikuchi Hiroaki
Kolici Vladi
Koyama Akio
Kouki Samia

Kulla Elis
Leu Fang-Yie
Matsuo Keita
Koyama Akio
Kryvinska Natalia
Ogiela Lidia
Ogiela Marek
Okada Yoshihiro
Palmieri Francesco
Paruchuri Vamsi Krishna
Rahayu Wenny
Sato Fumiaki
Spaho Evjola
Sugawara Shinji
Takizawa Makoto
Taniar David
Terzo Olivier
Uehara Minoru
Venticinque Salvatore
Wang Xu An
Woungang Isaac
Xhafa Fatos

xiv EIDWT-2021 International Conference Organizers



EIDWT-2021 Keynote Talks



Contract Tracing During Covid-19 Pandemic:
An Australian Experience Synopsis

David Taniar

Monash University, Melbourne, Australia

Abstract. Contact tracing is the activity of retrieving historical activities and trips
for a person where his presence at a specific location might affect other persons
within a certain radius. Related to a contagious disease, an infected person might
spread the pathogens to nearby people during close contact that can trigger a chain
reaction of community transmission. The biggest problem in obtaining the historical
activities in a contact tracing procedure is privacy and security issues. The privacy
issue refers to private-related sensitive information that is not meant to be shared
with anyone. However, during a contact tracing investigation, the authorities have
the right to know every detail from a suspected patient. The security issue refers to
the safety of the shared private information to the authority. Due to these issues,
many patients are reluctant to share their past activities to the authority. This
condition makes it even harder to obtain the right information from the patients. The
next consequence is that the spreading of the diseases will be off the radar since
contact tracing could not be done correctly. Several methods have been proposed to
help contact tracing procedures. In general, there are two types of contact tracing
methods: proximity-based and trajectory-based. While the proximity-based method
lacks historical trips and suffers from multi-platforms communication issues,
trajectory-based suffers from privacy issues. This speech will discuss these methods
together with their pros and cons. In conclusion, a method that can preserve privacy
and retain the details of the trip will also be explained in this session as an alter-
native method to support contact tracing.
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Privacy Violation from Joint Attacks
on Incremental Datasets

Juggapong Natwichai

Chiang Mai University, Chiang Mai, Thailand

Abstract. Data are continuously collected and grown; therefore, the privacy pro-
tection mechanisms designed for static data might not be able to cope with this
situation effectively. In this talk, I will first present the possible privacy violations,
attacks, which could occur, including a newly discovered type of violation and joint
attack. After the attacks are formulated, then the characteristics of the privacy
attacks are extracted in order to find approaches to preserve the privacy efficiently.
Lastly, the preliminary experimental results will be presented.
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Enhanced Focused Beam Routing
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Abstract. Multi-hop transmissions in Underwater Wireless Sensor Net-
works (UWSN) have limited bandwidth and not stable links. Their objec-
tive consists in relaying data from each underwater device to the inter-
net. Routing Protocols for UWSN are responsible for relaying data to
the water surface, where an acoustic to electromagnetic converter uses
well-established wireless communications to further relay them. Focused
Beam Routing (FBR) is a well-known routing protocol for UWSN, which
considers as forward candidates, only active neighbors which location is
inside a cone specified by the direction from the forwarding node to the
destination, an arbitrary angle and the communication distance.

In this paper, we propose an Enhanced FBR, which considers the
depth of each candidate and limiting forwarding of data on not deeper
nodes, and call it Depth-Based FBR (dFBR). We implement both FBR
and its enhancement version (dFBR) in ONE Simulator, and compare
their performances with Epidemic Routing (ER), a well-known routing
protocols for Delay Tolerant Networks. The simulation results show that
FBR and dFBR outperform ER in terms of Delivery Probability in our
scenarios, where the buffer size is limited to a 30 MB memory.

Keywords: Underwater Wireless Sensor Networks · UWSN · Focused
Beam Routing · FBR · ONE Simulator

1 Introduction

Underwater communications are shifting from military towards commercial
applications [6]. They are becoming more and more popular in applications such
as disaster detection/prevention, pollution monitoring in environmental systems,
collection of scientific data in fields of biology and geology, mapping ocean floors
in oceanography, coordinated navigation control and so on [1]. A typical applica-
tion scenario includes several Autonomous Underwater Vehicles (AUVs), which
are equipped with a wide range of sensors (environmental, chemical, navigation
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and so on). They explore the seabed, use their sensors to collect data and sub-
mit the sensed data up to the sea surface, where air-water interface ships, boats
or buoys are located (see Fig. 1). Furthermore, these air-water interfaces might
also use electromagnetic waves to send the aggregated data back to monitoring
centers or data processing centers.

Fig. 1. Underwater acoustic communications and aerial wireless communications

The preferred communication media for underwater communications is
acoustic waves in contrast to electromagnetic radio waves, which are widely used
in the air. In fact, low frequency electromagnetic radio waves (30Hz–300Hz)
can propagate for longer distances, but they require large antennae and high
transmission power. Optical waves have better propagation, but they require
directional coordination, which is almost impossible in underwater applications,
where the devices are in constant movement [1].

Most of the research regarding the physical layer in underwater communi-
cations uses Phase Shift Keying (PSK) and Quadrature Amplitude Modulation
(QAM) modulation techniques. With the increasing of processing capabilities
of small devices, Orthogonal Frequency Division Modulation (OFDM) is also
considered.

At the Medium Access Control (MAC) layer, Frequency Division Multiple
Access (FDMA) does not work well with limited-band acoustic signals because
they are affected by fading and multi-path [1]. Moreover, in acoustic communi-
cations there is a difference in delays between consecutive packets (jitter), which
makes it very difficult to implement Time Division Multiple Access (TDMA)
techniques. CDMA is so far the best solution, but newly designed techniques are
yet to be developed, tested and implemented [2,5].

Because it is costly to implement network infrastructure in underwater envi-
ronment, the network layer is mostly oriented towards adhoc architecture, where
all participating nodes forward packets to other nodes, until the packets reach
the intended destination. In fact, depending on the application, the adhoc archi-
tecture may consist of:
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– Real-time data transmission, where participating nodes, either already know
where to forward the received data, or the can find out in a very short amount
of time. Such amount of time is usually considered as “the real time”.

– Delay-tolerant data transmission, where different techniques are used to
increase packet delivery ratio (PDR) even when there are no available routes
to the intended destination. Delay-tolerant data transmissions, us the store-
carry-forward paradigm, to transmit data from one node to another, until the
data reach the destination.

Thus, existing adhoc and Delay Tolerant Network (DTN) Routing Protocols
need to be redesigned, in order to deal with unstable links and high delay variance
in underwater environment.

This paper’s main objectives are: to introduce the implementation of FBR
protocol, and compare its performance with Epidemic Routing (ER); and intro-
duce an improved FBR, where the forwarding area is further narrowed down.

The remainder of the paper is organized as follows. In Sect. 2, we describe
FBR, while comparing it to Epidemic Routing Protocol. In Sect. 3, we describe
our simulation settings and discuss the simulation results. Then we conclude
with conclusions and future works, in Sect. 4.

2 Focused Beam Routing

A more detailed description of FBR, can be found in [3]. Here we will shortly
explain FBR in contrast to other routing paradigms in UWSN.

In UWSNs, the store-carry-forward paradigm is popular among routing pro-
tocols, hence Epidemic Routing (ER), which is visualized in Fig. 2(a), is the main
forwarding technique. Here, the forwarding area is defined from the communicat-
ing distance, which in underwater environment is usually less than 100 m. One
problem with ER protocol is that, the packets are copied to every possible relay
node, creating a huge overhead in the network, which also impacts the network
lifetime due to battery depletion. In fact in some applications, where nodes are
scarce, the increased number of copies helps to increase the delivery probability,
but in general, decreasing the overhead is beneficial for UWSN, because UWSN
nodes also have limited storing resources.

Since the objective of routing protocols for UWSN in the majority of appli-
cations is to collect data to the modems in the water surface, and in order to
decrease the number of copied packets, forcing nodes to strictly forward packets
only to nodes that are closer to the surface has proven beneficial in terms of
performance for these applications. This category of routing protocols is called
depth-based routing (DBR) and is simplified in Fig. 2(b).

In order to furthermore decrease the overhead and energy consumption, some
routing protocols, focus their forwarding area towards the surface data collector,
and define it by a relatively small angle, as shown in Fig. 2(c). We implemented
FBR as explained in the following.
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(a) Epidemic (b) Depth-Based

(c) Focused Beam (d) Depth-Based Focused Beam

Fig. 2. Underwater routing protocol paradigms

2.1 Implementation of FBR in The ONE Simulator

While there are a lot of routing protocol proposed and implemented around the
world, we could not find an open implementation of FBR that could be easily
editable and verifiable in different scenarios. Thus we implemented FBR in the
well-known The One Simulator. The following assumptions are made, in order
to simplify the implementation:

– The environment is considered with only 2 dimensions: the width on the
horizontal axis and the depth in the vertical axis.

– Every node knows every other nodes’ location in every moment, which in fact
is very difficult to achieve in reality without a well-established infrastructure.

– Every participating node is mobile and moves based on the Random Waypoint
Mobility Model, as implemented in The ONE.
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Table 1. Simulation parameters’ settings

Parameters Value

Number of buoys 1

Number of nodes 20, 40, 60

Movement model Random waypoint

Simulation time 43200 s (12 h)

Simulation area 500 m × 500 m

Communication distance 50 m

Buffer size 30 MB

Message size 500 kB–1000 kB

FBR’s angle (θ) 15◦, 30◦, 45◦

– There is only one buoy, and all transmissions are directed towards this buoy,
which is located in the middle top of our 2D environment.

Then, while referring to Fig. 2(c), whenever a participating node (node O)
receives a new message or contacts a new node, the following happens.

Direction towards the Buoy is calculated as the angle in degrees of line L0.
The angle of transmission θ defines the transmission area on both sides of

line L0. The new transmission area is confined by lines L1 and L2.
Communication distance confines the transmission area, which, in the best

case scenario, is an arc.
Define the transmission area (shaded area), which makes the transmissions

directed towards the buoy.

2.2 Depth-Based FBR

During our simulation phase, we noticed that, in some rare cases when the
transmitting nodes were near the surface and far from the buoy, the performance
of FBR would decrease. We introduced a depth-based hybrid version of FBR
(dFBR), where, each node further limits their forwarding area to nodes that
are not deeper than itself, as shown in Fig. 2(d). In some scenarios, especially
when the FBR angle is relatively small, the depth-based limitation does not
apply, but results in general show slightly improved performance, compared to
the traditional FBR.
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3 Simulations

In order to analyse the enhanced protocol, we conducted simulations in different
scenarios as shown in Table 1. We used The ONE Simulator [4], which has
already implemented the epidemic routing protocol and the store-carry-forward
mechanism. We limited the buffer size of UWSN nodes, in order to see the effect
of overhead packets.

In Fig. 3, we compare the delivery probability (DP) (number of delivered
packets/number of sent packets) and average hop count (AHC) of the imple-
mented FBR with ER for different number of nodes. The results show that ER
has lower DP (see Fig. 3(a)), because nodes are forced to drop packets after
their buffer has no more storage capacity. This can also be seen in Fig. 3(b),
where we claim that packets are delivered in longer routes to the destination,
because nodes in the optimal route have full buffers. We also noticed that, as
the number of nodes increase, the delivery probability increases, because more
routes become available to destination.

Fig. 3. Performance of FBR compared to Epidemic Routing, regarding the number of
nodes.
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In fact, ER is FBR with communication angle set to 180◦. In order to investi-
gate the effect of the communication angle in the performance of the network, we
conducted the second simulations, with angles set to 15◦, 30◦, 45◦. The results
are shown in Fig. 4. When the number of nodes is small , the angle has almost
no effect on delivery probability, but the average hop count increases when the
angle increases. When the number of nodes is 40 and 60, the performance for both
delivery probability and average hop count decreases, when the angle increases.

In Fig. 5, the performance of dFBR is compared to that of FBR, while the
forwarding angle is changed from 15◦ to 45◦. dFBR, slightly outperforms FBR in
terms of DP, and we can clearly see that the AHC is smaller for dFBR. However,
a thourough investigation is important to understand the effect of buffer size and
other parameters.

Fig. 4. Performance of FBR compared for different angles, regarding the number of
nodes
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Fig. 5. Performance of dFBR compared to FBR, regarding the transmission angle.

4 Conclusions and Future Works

In this paper, we proposed an Enhanced FBR, which considers the depth of
each candidate and limiting forwarding of data on not deeper nodes, and called
it Depth-Based FBR (dFBR). We implemented both FBR and its enhancement
version (dFBR) in ONE Simulator, and compared their performances with Epi-
demic Routing (ER), a well-known routing protocols for Delay Tolerant Net-
works. From the simulation results, we draw the following conclusions.

FBR shows better performance than ER, in scenarios where buffer size is rela-
tively small.

When we increased the forwarding angle the performance of FBR decreased. The
effect of the angle, shold be thouroughly investigated for all values af angle.

dFBR shows a slightly better performance than FBR. We still believe that FBR
is suitable for a broad range of UWSN applications.

It still remains to be investigated the effect of forwarding angle in the energy
consumption. This requires a deep analysis of MAC layer in UWSN and the
acoustic spectrum.
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