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General Information

The International Conference on Maritime IT Convergence (ICMIC) aims to promote convergence activities of maritime, terrestrial
and aerial communications as well as related advanced wireless communications. Recognizing that maritime communications will
usually involve ship-to-ship and ship-to-shore communication, maritime ICT technologies will bring some mature but still evolving
terrestrial wired/wireless communication technologies to its own use for future smart maritime communications. More specifically,
the conference will focus on addressing challenges of maritime communications with ICT convergence or advanced future
communications over various industrial sectors, academia and practice engineers. The conference will include keynote sessions,
invited special sessions and technical paper sessions. You are invited to submit papers in all areas of maritime communications,
applications for ICT convergence, technologies, or advanced future communications.
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Greetings

Message from the General Co-Chair of ICMIC 2023

First and foremost, | extend my sincere gratitude to all of you for participating in ICMIC 2023. This is the 2" international conference
held this year, following the successful event last year. It holds great significance as it focuses on maritime IT convergence and
aims to introduce and share the latest technologies in the related IT field.

During the conference, a total of about 80 papers will be presented, accompanied by keynote speeches delivered by three
distinguished foreign experts in both on-site and virtual sessions.

ICMIC 2023 is a dynamic international conference organized collaboratively by the Busan, Ulsan, and Gyeongnam Branches of The
Korean Institute of Communications and Information Sciences (KICS), the largest academic institute in the field of ICT in Korea.

The successful hosting of ICMIC 2023 was made possible by the active cooperation of KIOST (Korea Institute of Ocean Science &
Technology), LG Uplus, JY SYSTEM, MET-SOLUTIONS, and AURI (Korea Association of University, Research Institute, and Industry).

Furthermore, we are committed to elevating ICMIC to an even higher level, and we hope that all participants in this event will
continue to collaborate and contribute to its development.

Over the course of three days, from August 23" (Wed) to August 25" (Fri), we gather in Jeju, the beautiful city of dreams. | wish you
all fruitful discussions, achievements, and opportunities to rejuvenate.

Warm regards,
General Co-chair of ICMIC 2023
Prof. Dong Myung Lee

Message from the Organizing Committee Chairs of ICMIC 2023
Dear members of The Korean Institute of Communications and Information Sciences (KICS) and participants of the ICMIC 2023.

ICMIC 2023 will be held in August, in the Jeju Island. The event will be on/off hybrid. This event is undoubtedly the most promising
conference in the field of convergence of maritime, terrestrial and aerial communications. The keynote speeches by Prof. Chao
Zhang from School of Aerospace Engineering, Tsinghua University, Beijing, China, Prof. Murat Yuksel from University of Central
Florida, USA, and Prof. Rafael Pérez-Jiménez from University of Las Palmas de Gran Canaria, Spain are prepared along with
various oral and poster presentations.

The Shilla Stay in Jeju Island seems to be a perfect place for participants to comfortably enjoy offline events and relaxation. It is
expected that many professionals in related fields will be able to exchange ideas and collaborate through the event.

Lastly, we would like to thank the organizing committees and staffs for the generous support. We would like to ask many of you to
participate online/offline, and wish everyone good health and well-being.

Sincerely,
ICMIC Organizing Committee Chairs of ICMIC 2023

il ICMIC 2023
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Abstract—In this work, we first analyze a communication per-
formance in underwater optical wireless communication (UOWC)
between a transmit node fixed to the seabed (e.g., underwater
sensor) and a receive node moving on sea surface (i.e., ship,
unmanned surface vehicle). Based on the performance analysis,
we then propose a two-phase deep reinforcement learning based
algorithm which jointly optimize beam orientation angle and
beam divergence angle at the transmit node to establish a reliable
UOWC link. The proposed algorithm maximizes instantaneous
signal-to-noise ratio by minimizing the beam divergence angle
while maintaining the angle difference (i.e., inclination angle)
between the selected beam orientation and the actual orientation
between the transmit node and receive node below 2 °.

Index Terms—Deep reinforcement learning, underwater op-
tical wireless communication, beam divergence angle, beam
orientation angle

I. INTRODUCTION

Underwater optical wireless communication (UOWC) has
gained significant attention in recent years due to its potential
for high-speed data transmission, wide bandwidth, and low
latency in underwater environment. However, UOWC faces
several performance degradation challenges caused by various
factors such as absorption, scattering, attenuation, fading, and
misalignment. These challenges arise due to the harsh under-
water environment, including waves, turbidity, and turbulence
[1]. To address these challenges and improve the reliability
of UOWC system, researchers have been exploring various
solutions [2], [3]. In this paper, we propose a two-phase deep
reinforcement learning-based algorithm for jointly controlling
the beam orientation angle and beam divergence angle in
UOWC system. The primary objective of this algorithm is to
reduce the probability of disconnection between the transmit
node and receive node by mitigating misalignment issues.

II. SYSTEM MODEL

In this work, we focus on a laser-based UOWC link that
comprises a transmit node, which serves as an underwater
sensor, and a receive node, which can be a ship or an un-
manned surface vehicle floating above sea level. As illustrated
in Fig. 1, transmit node is fixed in position on the seabed and
is responsible for measuring various underwater environmental

South Korea
yjsong@yu.ac.kr

South Korea
baeksj@kiost.ac.kr

Fig. 1: UOWC system model

data. Whereas, the receive node is mobile and its target loca-
tion (i.e., a location where the underwater sensor is installed
vertically) is determined based on global positioning system
(GPS) information. Despite of determined location, the receive
node can irregularly move or shake due to various external
factors such as wave and turbulence in the ocean.

In the considered UOWC environment, a beam orientation
angle and an actual orientation angle can be expressed as
azimuth angle (i.e., 4, and 04,) and elevation angle (i.e.,
0ps and 0g.), and the correlation with three-dimensional
location coordinates is as follow:

04 :tan_l(g), (1)
T
JU2 + y2
- 2
] @
If we know the location of the sea level where the optical
beam reaches and the location of the receive node, the linear

distance (i.e., Dg and Dp) and horizontal distance difference
Dpg can be calculated based on the sea level coordinates as

follows:
Ds = \Jx§ +ys + 2%, 3)
Dp = /2% + yh + 22, C)

Dp=+/(vs —2r)2+ (ys — yr)> )

In addition, the inclination angle 6, between the beam

0p = tan~!
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orientation angle and the actual orientation angle is determined
by the linear distance and the horizontal distance difference
as follows:

D% + D% + D%,

2DgrDg

In an UOWC environment, the signal-to-noise-ratio (SNR)
of communication link can be calculated as shown in the
following equation:

0y = cos™*(

(6)

SNR = — @)

where I is the noise current that defined as the summation
of the thermal noise, shot noise, and dark current noise [4]
and Ip is the received optical current that calculated by the
performance of photodiode and received power, of which the
received power can be obtained as follows:

Pr = PrornrPLGp, ®)

where Pr is the transmission power, nr and ng are transmis-
sion and receive efficiency, respectively, Pr, is the propagation
loss, and GG, is the geometric loss. The propagation loss of an
optical signal in the underwater environment can be calculated

as follows:
Ds
cos (0p) } ’ ©)

where c(A) is the attenuation coefficient. The geometric loss
of underwater optical signal can be calculated as follows:

Py = exp {C(A)

acos(6)
27 D%[1—cos(6o)]’ 00 <0
, otherwise ,

GL= (10
where « is aperture area of optical modem and 6 is beam
divergence angle. According to the above equation, G, can
be obtained only when the beam divergence angle of transmit
node is greater than inclination angle. Accordingly, in order
to succeed in data transmission, the receive node must be
located within the beam range. Therefore, the transmit node
needs to minimize the inclination angle by adjusting the beam
orientation angle according to the location of the receive
node and maintain the beam divergence angle larger than the
inclination angle. To this end, we proposed a two-phase deep
reinforcement learning algorithm for determining the beam
orientation angle and beam divergence angle of the transmit
node.

III. SIMULATION RESULT

To analyze the performance of the proposed algorithm,
we performed the simulation by utilizing GPS data from the
unmanned surface vehicle (USV) floating at sea level as the
location data of receive node.

Fig. 2 (a) shows the learning result of the outer agent that
controls the beam orientation angle by learning the location
of the receive node. As a result, the average angle difference
between the azimuth angle and elevation angle are 0.94°
and 0.36 °. Accordingly, the angle difference (i.e., inclination
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Fig. 2: Performance of proposed algorithm.

angle) is maintained below 2°. In Fig. 2 (b), the inner agent
maintains the beam divergence angle larger than the inclination
angle to prevent the link disconnection, and as a result, a
reliable UOWC link without link disconnection is established.

Y coordinate (m)
S h A bR iAo 2o sao
o

Real movement path
° Selected movement path

6 5 -4 3 2 -1 0
i X X coordinate (m) .
Fig. 3: Receive node location tracking result

Finally, Fig. 3 shows the movement path of the receive node
and the movement path of the optical beam according to the
orientation angle selected by the proposed algorithm.
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Abstract—In this study, we compared the environmental
radiation measurements on-land and underwater using our
developed waterproof environmental gamma-ray detection
system. The system incorporates an aluminum case and O-rings
for the waterproof design of the Nal(Tl) scintillation detector
from Ortec. Additionally, the communication method has been
improved by changing to Ethernet-based USB communication,
enhancing the communication distance capability. The
experiments involved bundling three radioactive sources (Cs-
137, Ba-133, and Co-60) and comparing the measured values at
natural state (background) and distances of 25, 50, 75, and 100
cm both on land and underwater. The results revealed that all
three radiation sources could be simultaneously measured. As
the distance increased, the measured values decreased due to
attenuation by water. Moreover, the measured values in the
underwater environment were consistently lower compared to
the values measured in the land environment at the same
distance because of the higher attenuation by water. Based on
these updated findings, this study contributes to a better
understanding of radiation measurements in different
environments, highlighting the importance of considering
distance-dependent attenuation effects in both land and
underwater radiation measurements.

Keywords—underwater environmental radiation monitoring,
waterproof case design, Nal(TI) scintillation detector

I. INTRODUCTION

Radiation measurement plays a crucial role in various
fields, including environmental monitoring, nuclear power
plants, and radiation therapy. The accurate assessment of
radiation levels in different environments, such as land and
underwater, is essential for understanding the potential risks
and developing appropriate safety measures[1]. In this study,
we aim to compare radiation measurements between land and
underwater environments using a waterproof environmental
radiation detection system.

To provide a comprehensive analysis, we conducted
experiments using three radiation sources: Cs-137, Ba-133,
and Co-60. The measurements were performed at various
distances (25, 50, 75, and 100 cm) from the radiation sources.
Also, we measured the background spectra without any
radiation sources. It was confirmed that the damping effect
occurred by comparing the values measured in the land and
underwater environments.

II. METHOD

The waterproof radiation detection system used in this
study consisted of the following components shown in Fig. 1,

e ORTEC 905-4 Nal(T1) Scintillation Detector [2]: The
scintillation detector served as the primary sensor for
radiation measurement. It was connected to a data

Soo Mee Kim
Maritime ICT & Mobility Research Department
Korea Institute of Ocean Science and Technology(KIOST)
Busan, Korea
smeekim@kiost.ac.kr

acquisition system on the ground for signal processing
and data recording.

e Waterproof Case and O-ring Seal: To ensure the
system's integrity underwater, a custom-designed
waterproof case with an O-ring seal was used to protect
the detector from water ingress.USB over IP and POE
Splitter: These devices enabled power supply and
Ethernet communication for the system, allowing
remote control and data transmission.

’ Power of Ethernet
e il Ethernet = :

— ‘
:. DC PWR b POE // over 10,000 MBps
DC PWR POE
A —
= -
e I Ethernet W = L) p
POE Splitter

Fig. 1 Diagram of underwater radiation measurement system

Fig.2 shows the composition and arrangement of each
element in the waterproof case.

Ortec’'s 905-4 Nal(Tl) scintillation -

9mm Aluminum underwater case _
POE Splitter
USB over IP

Underwater Connector and Cable -

Fig. 2 System Configuration

III. RESULTS

The experimental setup involved measuring the radiation
sources in both land and underwater environments. The
radioactive sources (Cs-137, Ba-133, and Co-60) were
bundled together and placed at a fixed distance from the
detector. The measurements were performed at the
background (natural state) without three radioactive sources,
and then measured at the distances of 25, 50, 75, and 100 cm
from three radioactive sources. The measurement duration for
each distance was set to 10 minutes.
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Fig. 3 Experimental setup for environmental radiation measurement from
three radioactive sources at a distance of 25 cm

For example, Fig. 3 shows the experimental setup of three
radioactive sources assembled and fixed at 25 cm away from
the underwater radiation detector. The ground environment
was measured in an empty water tank, and the underwater
measurement was conducted after filling water up to a depth
of 1 m in the same water tank. To maintain the same
measurement conditions, the detector was placed in a
waterproof case when measuring in land environment. The
voltage bias (V_bias) is set to 830V for all measurements.

The acquired data were analyzed to compare the measured
radiation levels measured in land and underwater
environments. Fig. 4 compared the radiation measurements in
land and underwater environments. The results indicate that
all three radioactive sources could be simultaneously
measured using the underwater environmental radiation
detection system. As the distance increased, the measured
radiation levels decreased in land and underwater
environments. However, it was observed that the attenuation
effect was more prominent in the underwater environment. At
the same distance, the radiation levels measured underwater
were consistently lower compared to the land measurements.
This discrepancy can be attributed to the different densities of
air and water, which results in higher attenuation of radiation
underwater.

Energy(keV)

Undenwater: S0em

1000 50 o 500 1000 w0 0 500 1000 1500

Undenwater: 75cm Underwater: 100cm

000 1500

IV. CONCLUSION

The findings of this study demonstrate the importance of
considering the environmental conditions and distance-
dependent attenuation effects when performing radiation
measurements. Computerized analysis is needed to determine
the attenuation of the radiation dose in the environment. The
results clearly indicate that the underwater environment poses
additional challenges in accurately assessing radiation levels.
The higher attenuation observed underwater suggests that
special consideration is required when evaluating radiation
risks in underwater settings. The developed waterproof
radiation detection system proved to be effective in both land
and underwater environments, providing reliable
measurements under challenging conditions. In conclusion,
this study contributes to a better understanding of radiation
measurements in different environments, highlighting the
significance of distance-dependent attenuation effects.

Further research includes the study of attenuation
according to density and the development of equipment
capable of measuring radiation dose at various depths.
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Abstract—The compact IoT radar sensors can be used to
analyze indoor walking human. For this purpose, micro-Doppler
signature is usually extracted in 2D time-frequency domain and
used. However, the complex computations of these method can
be burdensome for compact radar sensor. To efficiently analyze
human gait, we herein propose a new scheme to estimate gait
parameters by extracting phase components of received radar
echo. In experiments using 5 GHz CW radar hardware, we
observed that our proposed scheme is not only efficient but
also capable of performing accurate and robust gait parameters
estimation even in the presence of unexpected motion.

Index Terms—Radar sensor, gait analysis, micro-Doppler sig-
nature

I. INTRODUCTION

Human gait refers to the pattern of human movement during
locomotion, and gait analysis involves the systematic study
on the human motion. Therefore, the parameters including
step width, cadence (gait rate), and velocity are considered
in gait analysis, because they offer insights into both intrinsic
and extrinsic characteristics of human movement. Recently, in
order to classify users and recognize their specific behavior,
radar signal processing techniques have been employed for
indoor human gait analysis [1], [2]. However, given the limited
computational resources of Internet of Things (IoT) compact
radar sensors, these complex computations of existing gait
analysis method can be burdensome for these sensors.

In the proposed method, the phase components of re-
ceived radar echoes are extracted to efficiently analyze human
gait without generating the spectrogram which is joint time-
frequency representation.

II. ECHO SIGNAL MODEL

In this section, we introduce an echo signal model to
analysis gait pattern of a walking human. We have assumed
that the walking human consists of P scattering points, as

Division of Automotive Technology

Electronics and Communications Engineering
Korea Maritime & Ocean University
Busan, South Korea
inohchoi @kmou.ac.kr

Fig. 1. Geometry of the walking human for radar echo signal.

shown in Fig. 1. The radar echo signal, s(t), returned by
walking human can be represented as:

P
Ar = . .
s(t) = Y- ayean (5 {7y + 750} - Frios + 50
p=1

(D
where o, is the complex amplitude for pth scattering point;
Trros is a RLOS vector; 7,4, is a vector for whole body
movement; 7,(t) is a vector for pth scattering point; A is the
wavelength of radar signal; ¢ is a component related to sta-
tionary clutter; and superscript 7 is the transpose operator. To
analyze micro-Doppler signature (MDS) for walking human’s
limbs, the phase terms of received radar echoes should be
extracted. To this end, the radar echo in (1) can be derived as
follows based on scenarios, in which limbs of walking human
move at a constant cycle:

47

5(0) = 01+ cap (I Lo 1)+ 0a(0) & 201} + 50 )
2

where 0 is the amplitude of s(t); Tpoay(t) ~ vt + at?/2
is the hole body movement along RLOS; x4, (¢) is the mixed
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Fig. 2. Flowchart of the proposed scheme.

micro motions for scatterers of limbs; and

wa(t) = ZNja (t - J]fg) . 3)

where 0(-) is the delta function; and f, is the human gait rate.

III. PROPOSED SCHEME

A complete flowchart of the proposed method is shown
in Fig. 2. In the proposed method, the phase components
of received radar echoes are extracted to analyze MDS.
To address the multiple scatterers problem [3], we model
the mixed signals reflected by multiple scattering points of
the walking human’s limbs based on locomotion scenarios.
Subsequently, the zero-Doppler components are filtered out
to minimize interference by the stationary clutters. And then,
phase terms are decomposed into components related to whole
body movements excluding the limbs’ motion and micro
motions of the limbs. If there are unexpected movements, the
phase components are distorted. To compensate these phase
distortions, the gradient of phase component for whole body
movements is used. Finally, we can estimate the kinematic and
gait parameters of a walking human.

IV. EXPERIMENTAL RESULTS

To verify the performance of the proposed scheme in
the presence of a unexpected motion via measurements, we
used a 5 GHz CW radar sensor. Fig. 3 shows the extracted
and decomposed phase components for limbs’ micro motion.
Because there are unexpected movements during locomotion,
the phase components are distorted as shown in Fig. 3a. As
a result of applying the compensation algorithm, distortion of
phase term can be minimized as shown in Fig. 3b.

To estimate gait rate, spectrum analysis was conducted
by applying FFT to compensated phase component. Conse-
quently, the proposed method is robust to phase distortion

(a) (b)

Fig. 3. Phase components for micro motion of walking human’s limbs (a)
before, and (b) after compensation.

Fig. 4. Representation of the spectrum for compensated phase components
in Fig. 3b.

caused by the critical unexpected movements and can effi-
ciently estimate gait rate of walking human in 1D frequency
domain.

V. CONCLUSION

In this paper, a new scheme based on phase extraction and
compensation was proposed to efficiently estimate gait pa-
rameters in walking human involving unexpected movements.
Based on this result, we intend to expand the research to real-
time IoT sensor for user classification and gait analysis.
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Abstract— Mask R-CNN, a representative instance illuminances and compare the performance of detection

segmentation technique, was used to evaluate the detection
performance of a laboratory reinforced soil retaining wall
(RSW) block for changes in illuminance. To enhance images
with changes in illumination, gamma correction (GC),
histogram equalization (HE), and low-light image enhancement
via illuminance map (LIME) were set as comparison groups,
and the performance of image enhancement of the proposed
RGB equalization was evaluated. It became. Each Mask R-CNN
model was trained based on the original image dataset and the
dataset to which each image enhancement method was applied.
The performance of block detection for individual trained
models was evaluated. The image improved through the RE
method showed excellent LOE, PSNR, and SSIM compared to
other methods, and in the case of the RE model, it showed
excellent image enhancement performance and excellent block
detection performance.

Keywords—mask R-CNN, illuminance, image enhancement,
detection, RGB equalization

I. INTRODUCTION

Mask R-CNN [1], a representative instance segmentation
method, performs fully convolutional networks (FCN) based
on the bounding box and classification information estimated
by faster R-CNN. The method performs instance
segmentation by estimating the mask without loss of location
information. Mask R-CNN had been used in various fields to
accurately detect objects with pixel unit. In order to
continuously monitor the structure and analyze its behavior, a
camera must be installed and monitored at a specific location.
However, segmentation-based detection studies including
Mask R-CNN have not analyzed the detection performance of
changes in illuminance that occur over time for the same
camera viewpoint. Therefore, in order to apply RSW
monitoring to the field, it is necessary to quantitatively
evaluate the detection performance for individual illuminance
because the illuminance varies depending on the brightness
and weather.

In this study, the performance of RSW block detection
according to the application of the image enhancement
method is evaluated for fixed camera images affected by
illumination according to changes in time and weather in the
field. We employed several image enhancement algorithms
such as Gamma correction, Histogram equalization, low-light
image enhancement via illuminance map [2], RGB
equalization (proposed) to enhance the quality of datasets.
Also, the Mask R-CNN was adapted to each enhanced model
to identify and localize RSW blocks with different

regardless of illuminance.

II. METHOD

Figure 1 describes the workflow used in this study. Image
enhancement is performed by introducing individual image
processing techniques for block images according to various
illuminances, and performance of image enhancement is
evaluated. Then, for the original dataset and each corrected
dataset, a block detection model based on Mask R-CNN is
built and trained, and the performance of detection of each
model is evaluated.

Fig. 1. Flowchart of image enhancement and detection of RSW block with
different illuminanc

A. Image enhancement

The methods such as GC, HE, and LIME focused on
improving the quality of images. RE equalizes the average
value of a specific or all RGB to target intensity and aims to
make each image pair similar. The intensity corrected through
RE based on the RGB equalization function (Ref) for the input
image R is as shown in Eq. 1. In this study, the block intensity
of 200 was targeted and improved.

Ref(m, n) = i i k(, j)

i=17-0

Ref(m, n) y

R : =R, input X
(x, y)_enhanced (x, y)_input m xn

Where, m and n are the height and width of image R and
specific area, f; is the equalization factor, k(i, j) is intensity
corresponding to i, j.
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Figure 2 provides several enhanced images using GC, HE,
and LIME. Guo et al. The image used in 2013 was used, and
the GC method uses y = 0.2 and the RE method uses f. = 100
to show the corrected image. Compared to the original image,
the image quality has been improved, and the pixel intensity
characteristics are different depending on the individual
method.

(a) Original

(d) LIME ]

() RE
Fig. 2. The comparison of enhancement using different methods

Performance of block detection

Accuracy, precision, recall, F1 score are normally used to
evaluate the performance of instance segmentation methods.
Pixels of output images were divided into true positive (TP)
(blocks correctly identified); false positive (FP) (background
pixels incorrectly identified as block pixels); true negative
(TN) (background pixels correctly identified); and false
negative (FN) (block pixels identified as background pixels)
results. Precision refers to the proportion of correct positive
predictions among all positive predictions. Recall considers
the completeness of positive predictions (i.e., the number of
crack pixels that were correctly classified). F1 Score is the
harmonic mean of precision and recall, which we used as an
indicator of overall accuracy.

III. RESULTS AND DISSCUSSION

Table 2 show performance comparison with different
enhancement methods. Each performance metric was
obtained by comparing the original image and the enhanced
image at individual illumination levels, and SSIM 500
obtained results by comparing the enhanced images with the
enhanced image at 500 Lux illumination. Although some
illuminance and enhancement methods show better values, in
general, the RE method shows the best performance in all
performance metrics.

Figure 3 shows the ground truth of the laboratory RSW at
4 Lux and the detection results with each trained model. The
original model detected many blocks even though it was
difficult to visually identify them. However, significantly
fewer blocks were detected compared to other models. In the
HE and the LIME model, an error occurred in which multiple
blocks were detected as one block. In the RE model, all blocks
except 7 out of 121 blocks were detected, showing the best
detection performance.

Table 1 Performance comparison with different enhancement methods
Enhancement methods

Metrics
GC HE LIME RE
LOE (}) 223.05 239.97 590.50 176.92
PSNR (1) 27.53 27.93 27.59 28.02
SSIM (1) 0.40 0.32 0.32 0.48
SSIM_500 (1) 0.52 0.47 0.27 0.56

Fig. 3. Block detection results and detailed results with different Mask R-CNN
model at 4 Lux: (a) ground truth, (b) trained original model, (c) trained GC
model, (d) trained HE model, (e) trained LIME model, (f) trained RE model.

IV. CONCLUSION

In this study, the change in illumination that occurs in the
field was considered, and an image enhancement model was
applied to correct it. The image enhancement performance of
the proposed RE model was the best, and the RE trained model
using this showed the best RSW block measurement
performance. Through the development process, we plan to
develop and apply a technology that can detect RSW blocks
with perfect performance even at low illumination, taking into
account changes in field illumination.
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Abstract—The article describes a study on the development of a
system for controlling multiple small unmanned surface vehicles
(USVs) in a swarm for marine research purposes at sea. The study
aimed to overcome limitations in acquiring broadband data in a wide
range and diverse missions at sea by using swarm control
techniques. The study used a long short-term memory (LSTM)
model to learn disturbance information and predict maritime
disturbances. The predicted ocean currents were used to generate a
swarm USV control system for USV formations. The study
conducted a comparative analysis of the designed USV model
results and those generated by the simulator, and the effectiveness
of the USV mathematical model and behavior control rules were
verified. The system could potentially contribute to the exploration
of marine data and resources

Keywords—Unmanned surface vehicles (USV), Recurrent
Neural Network (RNN), Long Short-Term Memory models
(LSTM), Artificial neural networks PID(ANN-PID)

I. INTRODUCTION

To overcome these limitations, this dissertation focuses on
developing a system for intensive mission performance in a
wide area through swarm control of multiple small USVs. The
study employs the long short-term memory (LSTM) algorithm
of recurrent neural networks (RNN) to learn the disturbances
that affect movement control.[1][2]Using the learned model,
a method to predict future disturbances and improve the
performance of the artificial neural network-PID (ANN-PID)
control algorithm using the predicted disturbance data are
examined. The study aims to develop a swarm control system
that can effectively manage multiple small USVs for various
marine research and exploration purposes.|[3]

II. BEHAVIORAL CONTROL OF USV SWARM

To control the behavior of a swarm of USVs, it is
necessary to understand the position and distance traveled by
each USV. A small USV equipped with two rear thrusters and
a front lateral thruster was used in this study.[4]

A. Behavioral control of USV swarm

To control the behavior of the USV swarm, each USV uses
GPS. As shown in Fig. 4 of the swarm USVs, the searchable
radial distance of each USV is represented by d,.. Here, i is
the number of USVs i ranging from 1 to n. j represents the
surrounding USV.[3]

Fig. 1 shows the behavior of the swarm USV according to
the measured distance d of the adjacent USV. As shown in Fig.
2, the distance that maintains the maximum search radius with
the adjacent USV is called d,,,,,. Furthermore, Fig. 2shows

the minimum search radius distance to avoid collision with an
adjacent USV as d ;.

Fig. 1. Behavior of swarm USVs by distance.

TABLE 1. THE BEHAVIOR OF SWARM ROBOT BY MEASURED

The behavior of swarm USVs

d = dpay | keep the maximum distance (Fig 2(a))

d > dpa, | Move to adjacent USV(Fig 2(b))

d = dp;, | Maintaining the minimum distance between
USVs(Fig 2(c))

d < dpin | Avoid collisions with adjacent USVs(Fig 2(d))

B. Behavioral rules for USV swarm

For each robot to search the space using the adjacent robot
while the search radius in the unknown space, the area is
divided into Zone of Repulsion (ZoR), Zone of Orientation
(Zo0O), and Zone of Attraction (ZoA), as shown in Fig. 4
Within the searchable radius of each robot, an action rule
suitable for each area is planned.

o N é : £ lé .
NV . y \®®/ >

200(Zone of orientation)

Z0R(Zone: of repulsion) Z0A(Zone ‘of attraction)

Fig. 2. Property of behavior rule for swarm USVs

To control the robot's behavior for each area in the ZoR
area, the swarm robot maintains a minimum distance to avoid
collision with an adjacent robot. In the ZoO area, the robot
moves in the same direction as the average direction of the
moving swarm robots to maintain a constant distance from an
adjacent robot. In addition, because the swarm robots are
dispersed in the ZoA area, they move in the direction where
adjacent robots exist. The behavior rule for controlling the
behavior of the swarm robot in each of these areas is expressed
in Equations (1-3) and can be implemented by calculating the
direction vector in each area. In the N_Zor area, the direction
vector of the USV is expressed using the position of each robot
as in Equation (1).
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- yNzor =0
V Dir (1)
- 1 NzoRr (pj_ pi)
v R SZOR o N. >0
Nzor <=1 |pj-pi ?VZoR

Here, p;denotes the position (x;, y;) of the USV i at sea,
and p; denotes the position of the surrounding USV (x;, y;).

7Dir
Nyzor: Nzoo, Nzoa are the number of USVs in each domain. To
determine the direction of USV ¢ in the domain Ny, it is
expressed using the direction vector of the surrounding USV
Jj, as in Equation (x).

represents the moving direction of the USV i .

- rNZOO =0

Y Dir (2)
- = -

1 N vi
v o ZoOo Y] JNZOO > 0

Nzoo j=1 |"j |
In the domain of Ny, ,, the direction vector is expressed
using the position of each USV, as in Equation (4).

yNzoq =0

-
V Dir
1 $Nzoa (pj_ pi)
Mo 211 o]
In addition, to prevent overlapping actions for the
Nzor» Nzoo, Nzo4 domains of each USV, priority is assigned
according to the existence of USVs in each domain. To
determine the priority of each robot's action, if USV exists in
the area of Nz,z as in Equation (4), other actions are
restricted, and the appropriate action is considered in the area
Nzor - If Nzyo and Ny, exist simultaneously, the final
direction vector can be obtained as the average of 70, and

- =
va

3)

yNzoa >0

- .
va
(_,‘ if Nzg>0
v R
—V)O ) lf NZoR:NZoA =0 ANZUO >0
P T if NZuRrNZDOZOANZoA>O(4)
c va
1<—> +_’): if Nzog = 0ANz0,Nzop >0
2\vo v A

If the behavior rules of USV swarm are planned for each
domain of ZoR, Zo00O, and ZoA, and overlapping actions are
prevented for each domain, the swarm robot avoids collisions
between adjacent USVs to cooperatively navigate the space
and an optimal search radius can be obtained and maintained
while moving. In addition, if there is a robot that is separated
from the swarm, it can move to an adjacent USV and maintain
its formation. Therefore, when moving to the target point, the
swarm behavior can be controlled by avoiding collisions with
adjacent USVs from the initial position and moving while
maintaining its position and range with adjacent USVs.

III. LEARNING OCEAN CURRENTS OF USV SWARM

To control the movement of multiple small USVs that
form a swarm, it is necessary to analyze and predict the control
system as well as many external forces of the ocean as control
factors. [5] Some of the factors are the ocean current, wind,
and waves. In this study, learning and prediction were made
based on the measured data of ocean currents, which have the
greatest influence among these factors.[6]

A. Analysis of Ocean Currents

Ocean currents are environmental factors that significantly
affect objects moving in the sea according to the shape of the
vessel as the vessel moves. This increases the control error
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during missions because a constant external force on the
vessel is applied. The current interferes with the movement of
multiple USVs forming the swarm, making it difficult to
successfully complete the mission. If these external
disturbance factors are analyzed and used as control factors,
the stability and effectiveness of a multiple USV control
system forming a swarm will increase. To measure these
ocean currents, a sensor was installed in the USV to measure
the velocity and Current angle of the external force. To
measure the flow velocity, GPS can be used to measure
ground speed, yaw angle, and position (latitude and
longitude). The flow velocity sensor can measure the speed
(water velocity) at which the hull moves in the fluid with the
flow velocity. Therefore, the speed of ocean currents is
measured by sensors mounted on each of the multiple USVs
moving above sea level. The measured data can be expressed
by Equations 5 and 6.

Ve =Wy + 1 &)

By decomposing the vector of magnitude and direction
into x and y directions, the component of the three velocities
can be expressed as Equation 6 by the relationship between
the magnitude of the vector and the Earth's fixed coordinate
system.

Ve = [IVg|cosy, |Vg|siny]
Vo = [Vl cospy,, IV, | sini,]

= [|Vc|COS¢c, IVC|Sin¢c] (6)

B. Learning Ocean Currents

The model learned the measured time-series ocean current
data using LSTM, predicted the next ocean current speed, and
applied it as a disturbance to each USV control algorithm.

The measured data are normalized and converted into data
having a size between 0 and 1. In Equation 7, three gates are
represented by f;, I;, O, and two outputs are represented by
h; , C. . Furthermore, the parameters of LSTM are
W;, Wy, W, W,.. Finally, C; is a new output of the input gate,
and the output of I, is determined according to the degree of
reflection. Empirically, the function softsign was used as the
activation function, and the Adam Optimizer was applied.

fe = sigmoid (W - [he_q,x] + by

I, = sigmoid(W; - [hy_q, x:] + by

0, = sigmoid(Wy * [hy_1, x:] + bo

h; = 0, * softsign(C;)

Gt ft*Ct—1+Ii*Et

C; = softsign (W, - [he_y,x;] + b, (7)

The data from the ocean current measuring sensor operated
in the sea were used in the LSTM model constructed in this
study and applied to predict future disturbance.

Fig. 4 Ocean current measurement data.
Fig. 4 is the actual measurement data from the ocean. Data
measurements were taken for 75 minutes. The graph in Fig.
10 was derived by learning the actual data. In the graph of



Fig. 5, green indicates 1800 data out of 4500 actually
measured data, and these data were used for training and
testing. In addition, blue is actual data and red is data
predicted by learning the previous 1800 data points.

Fig. 5 Ocean current prediction data result.
From the predicted results (red) in Fig. 5, there is an error in
the section where the measured data changes rapidly; however,

the error between the actual data and the predicted data
showed an average error of 0.12 knots.

IV. CONTROL ALGORITHM OF USV SWARM

To control the movement of multiple small USVs that
form a swarm, it is necessary to analyze and predict the control
system as well as many external forces of the ocean as control
factors. Some of the factors are the ocean current, wind, and
waves. In this study, learning and prediction were made based
on the measured data of ocean currents, which have the
greatest influence among these factors.

A. USU Control Algorithm

In this study, because the velocity of ocean currents is
learned and used as a controlling factor of small USVs
forming a swarm, the control algorithm must design a
controller that can respond appropriately to external
information. Therefore, the controller applied to the small
USV was modeled by ANN-PID.

~
=)
N
Artificial neural network PID
~
el b Hyperbolic
tangent
N L] _/\ K N ,| Unmanned surface
Input Q UK@ um vehicles Output
Signals e 4 T SUM(Y) signals
()
&

Fig. 6. Artificial neural network PID.

The three inputs in Fig. 6 are the error value, error integral
value, and error differential value used as the basis of the PID
control algorithm, which is input into a nonlinear hyperbolic
tangent function.

When the error is adequately reduced and the control
performance of a certain range for the stability of the system
is satisfied, the algorithm is stopped and the calculated gain
value is maintained.

B. USV Running Algorithm

The navigation algorithm of a small USV is following a
target point or driving toward a specific direction. This
method is called line of sight (LOS), where GNSS-based
navigation is used. USV driving in this study was also
designed based on the LOS algorithm.[7]

1 [Yk -Y(@®)
X, — X))

PE®)=[X) — X(O]* + [V — Y ()]* < p?

Y, = tan

@®)
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In Equation 8, [X(t), Y (t)] is the position of the USV, and
[Xi, Y] is the target position. In addition, after reaching the
target position, p.denotes a position radius for determining
whether the next designated position has been reached.

V. CONTROL SYSTEM OF USV SWARM WITH THE LEARNING
OCEAN CURRENT MODEL

The small USV used in this study determines the direction
of travel by calculating the designated position and its heading
angle using a propellant placed laterally in the front. [§]When
a certain range of the designated position is reached, the lateral
propellant is controlled by calculating the heading angle again
to move to the next position. Meanwhile, the aforementioned
ANN-PID control algorithm is applied for precise control.
[9][10] The influence of external force is learned and
predicted during movement, and this is applied to the control
system to design a control system that can move to the exact
position.

Fig. 7. ANN-PID Control Algorithm Using learning Ocean
Current Model

The article describes a control algorithm for improving the
performance of an unmanned surface vehicle (USV) swarm
by predicting ocean currents and applying the predicted data
to an artificial neural network (ANN)-proportional integral
derivative (PID) control algorithm. The control algorithm
consists of two parts: the first part is an ANN that predicts the
magnitude of the next disturbance using measured ocean
current data, while the second part is the ANN-PID control
algorithm that adjusts the control gain based on feedback
weights. The USV control algorithm combines these two
learning models by adding the predicted ocean current
components to the weight-adjusted output value of the ANN-
PID control algorithm to determine the next output value
delivered to the system.

VI. VALIDATION OF THE SWARM CONTROL ALGORITHM

The verification was conducted in two ways.

1) By analyzing the similarity between the actual driving
path of the USV swarm at the sea and the USV swarm path
generated by the simulator, including the behavior control
rules of the USV swarm and USV designed in this study, the
mathematical model of the designed USV and behavior
control rules are verified for accuracy.

2) To check the validity of the ocean current learning
algorithm and ANN-PID control algorithm, the position error
was obtained by comparing the movement path of the USV
swarm with and without the disturbance learning algorithm,
and the ANN-PID control algorithm applied to the simulator
designed in this study.

The position, movement speed, and direction of each USV
were used in a simulation vessel design based on driving data
during real sea operation. Fig. 15 shows the results created by
applying the real driving information to the simulator,
including the designed USV model and behavior control rules
of the USV swarm.



Fig. 8. System model simulation results(verification_1)

The article discusses a comparison between real sea test
data and a designed simulator's results, which revealed some
discrepancies due to environmental conditions like wind,
tides, and waves. Despite this, the movement trajectory of the
real sea test and simulator were found to be similar. The article
concludes that the USV model and behavior control rules
designed to have a position average error of less than 10% can
be considered an adequate simulation of a USV swarm's
operation at sea. Fig. 9 shows a graph comparing the
disturbance learning algorithm and the ANN-PID control
algorithm when a disturbance (Ocean Currents) with a specific
direction is applied to the operating environment.

Fig. 9(a). Not applying ocean currents learning and
ANN_PID(verification_2)

Fig. 9(b). applying ocean currents learning and
ANN_PID(verification 2)
As aresult of swarm operation by applying the disturbance
learning algorithm and ANN-PID control algorithm, the large
retention performance between USVs was increased by 12.4%
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and decreased position average error by 14.8% compared to
the result of not applying the disturbance learning algorithm.

VII. CONCLUSIONS

The study proposes an algorithm that uses artificial neural
networks (ANN) and proportional-integral-derivative (PID)
control to improve the control performance of unmanned
surface vehicle (USV) swarms in ocean environments. The
algorithm learns and predicts ocean currents as an external
force and applies it to the controller output. The study uses a
3-degree-of-freedom USV model with a fluid force to verify
the algorithm and compare the control performance with and
without the algorithm. The results show that applying the
predicted data of external force increased the formation
maintaining performance by 12.4% and decreased the position
error during movement by 14.8%. The study plans to add other
external factors like waves and wind for effective swarm
control in the future.
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A Study on Swarm USV’s Equipped with Fault
Coping Algorithm
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Abstract— In this study, to overcome the limitations of a single
unmanned surface vehicle(USV), a study was conducted on the
swarm control algorithm of the USV. Among the various swarm
control methods, a leader-follower swarm control method was
selected and studied, and in order to solve the fatal problem of the
leader-follower swarm control method, a study on the fault-coping
algorithm was conducted together.

Keywords—Swarm control algorithm, Unmanned Surface Vehicle,
Leader-Follower swarm control method, Fault-Coping Algorithm

I. INTRODUCTION

The multi-entity system using swarm control has a wider
range of mission applications such as search and environmental
investigation than single-entity systems. In addition, swarm
control algorithms are receiving a lot of attention recently because
they have various advantages such as improved mission
performance, increased efficiency, and energy saving by using
multiple objects at the same time[1-3]. In studies on existing
swarm control, methods are classified into behavior-based swarm
control, virtual structure swarm control, and leader-follower
swarm control[4]. Among them, the leader-follower swarm
control is a control method in which, when the leader unmanned
mobile vehicle moves along a preset trajectory, the following
unmanned mobile vehicles move while maintaining a certain
distance and heading angle from the leader unmanned mobile
vehicle. This method has the advantage of being easy to
understand mathematically of the swarm control algorithm, easy
to implement, and theoretically, possible to increase the number of
followers without limit. However, there is a disadvantage that
there is a fatal problem for the entire swarm formation in the event
of a failure of the leader unmanned mobile vehicle[5-6].
Therefore, in this study, we propose a new algorithm to overcome
the disadvantages of the leader-follower swarm control method,
which has advantages do.

II. LEADER-FOLLOWER BASED SWARM MODELING

The USV(Unmanned Surface Vehicle) used in this study uses
a method of moving by independently rotating two thrusters, port
side, and starboard side. At this time, assuming that the thruster
does not cause slip or cavitation in the water, the USV has the non-
holonomic constraint condition as shown in Equation (1).

X.(t) [cos 6.() Ol [

Y.(t) sin (6,()) 0 WC((t))
éc(t)

Here, X,.(t), Y, (t) indicates the position of the USV on the X-
axis and Y-axis, 6, means the heading angle of USV. v, w,
means the linear velocity and angular velocity of the USV[8].
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Fig. 1. Kinematic model of USV.

In Fig.1, the leader USV is expressed using the subscript ‘L’,
and the follower USV is expressed using the subscript ‘F’. X;, Y,
are the current position of the leader USV, and 8, is the heading
angle of the leader USV. Likewise, X, Yz are the position of the
follower USV, and 65 is heading angle of the follower USV.
v, U are the straight speed of each USV, and w;, wy represents
the angular velocity of each USV.

The role of the follower USV is to form a formation with the
leader USV while maintaining a certain distance and angle from
the mission trajectory calculated by the leader USV. That is, a
position having a specific distance and a specific angle designated
by the land operation console is created from the position of the
leader USV and the follower USV follows the trajectory. Equation
(2) is an expressing the position of the formation followed by the
follower USV from the leader USV.

le‘i ®) =X, + drefcos (¢ref +6,(1))
YlhEi @) =Y,(t) + drefSin (¢ref + 6,(1))
6F(t) = 6,

Here, X2 (t), Y (t) represents the position that the follower
USV should follow, and d,..f is the distance of the trajectory that
the leader USV and the follower USV should follow. In this case,
since the distance cannot have a (-) value, it is always expressed as
a positive number. ¢,..r means the angle to be maintained from

the leader USV, and this value is expressed as a constant, not a
function.

@

By differentiating Equation (2), the tracking USV coordinate
change can be obtained, which can be expressed as Equation (3).
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Xg (t) = 17L(t) COS(QL(t)) - drefSin (d’ref + HL (t))WL(t)
Ylg ®) =v,(®) Sil’l(@L (t)) + drefcos (¢'ref + 6, (E)w(t)

II. FAULT-COPING ALGORITHM

©)

In this study, we propose a fault-coping algorithm to overcome
one of the biggest disadvantages of the leader-follower swarm
control method, which is that it is impossible to maintain the entire
formation in the event of a failure of the leader USV. The failure
situation considered in this study is a situation in which the thruster
does not rotate normally due to marine floating matter being
caught in the thruster, which is the most frequent failure situation
in the offshore platform.

Fig. 2 shows the block diagram of the algorithm proposed in
this study.

Fig. 2. Block diagram of fault-coping algorithm

The algorithm works in the following order. When the mission
starts, data such as the total current amount of the platform, RPM
value of the thruster, and location information of the USV are
acquired using sensors mounted on the USV. Then, by inputting
the acquired data into the Check Threshold block, it is judged
whether the state of the data is higher or lower than the threshold
value. If the data status is similar to or lower than the threshold
value, it is judged to be normal and the mission is continued. At
this time, the mission is repeatedly performed unless a mission
stop command is input from the operator. However, if the data
state is greater than the threshold value, it is judged as a failure
state, and the Leader Change flag is raised. When the Leader
Change flag goes up, the USV that has a malfunction stops, and
its authority and mission are transferred to the USV that has the
closest distance among USVs that have not currently
malfunctioned. In the algorithm, the Check Threshold block
compares the current and voltage applied to the thruster, and the
RPM value output from the thruster with the arbitrarily set
Threshold value, and the Thruster Status block, which determines
whether or not there is a failure, and the current location
information of the platform, heading angle, azimuth information,
etc. It is designed by combining the Platform Position Error block
that determines whether there is a failure by comparing it with the
set threshold value.

IV. RESULT OF ACTUAL SEA AREA TEST

The performance test of the fault-coping algorithm was
conducted in the actual sea area. At the time of the experiment, the
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sea state 3 with a wave height of 0.5~1m, a swell height of 0.6m,
and a swell period of 8 seconds. The fault-coping algorithm
normally identifies the sudden change in current amount and RPM
value that occur in a fault situation where marine floating objects
are caught in the thruster, and the failure is judged in the Check
Threshold block, and the leader change flag is raised normally, so
that the follower USV took over the role of the leader USV and
carried out its mission. Among the tracking results of the fault-
coping algorithm shown in Fig. 3.

Test Result

=== Laater Pos ion
— taget vrack.
=&~ Follower Fosiion

50

A00 50

7 X(m]

P

Fig. 3. Tracking result of fault-coping algorithm test

V. CONCLUSION

This research conducted a study on the fault-coping algorithm
to overcome the disadvantage of a leader-follower swarm control
method. For the study, we have developed USV to perform actual
missions, and we have developed a swarm control algorithm using
a fault-coping algorithm. In addition, the performance of the
algorithm proposed in this study was verified through the test in
the actual sea area.
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Abstract— As interest in air pollution increases, research on
how to measure fine dust in advance is needed. It is known that
fine dust is mostly introduced through the West Sea. Therefore,
measuring at sea is more accurate and has the advantage of
being able to measure fine dust in advance. Accordingly, this
paper proposes a method for measuring fine dust at sea using a
SBR(Smart Buoy Robot). The proposed system has advantages
such as power consumption, size, and accuracy by using a
SAW(Surface Acoustic Wave)-based fine dust sensor.

Keywords—Smart Buoy Robot, Fine dust, Sensor, Robot,
Surface Acoustic Wave

L INTRODUCTION

Recently, interest in air pollution is increasing both
domestically and internationally. Accordingly, various studies
related to fine dust sensors are being conducted in Korea.
Currently, it is understood that fine dust is mainly introduced
through the West Sea in Korea. Therefore, for a more accurate
study of the inflow and distribution of fine dust, it is better to

measure it at sea[1].

Atmospheric measurement results require cumulative data
for analysis. Therefore, it is necessary to continuously
measure fine dust, but it is difficult to install a system that can
continuously measure at sea due to problems such as cost and
power supply.

Therefore, in this paper, we propose a marine fine dust
measurement system. It is a method of collecting and
measuring fine dust sensors by attaching them to buoys that
are common in the sea. Existing buoys are fixed in one place
through anchoring, so there is a problem in that they do not
have a certain direction due to wind and waves[2][3].

To solve this problem, this paper proposes a measurement
method using SBR(Smart Buoy Robot). Since SBR is capable
of self-propulsion, it has the advantage of being able to collect
in the desired direction through position control[4]. The
MEMS-based FBAR (Film Bulk Acoustic Resonator) fine
dust sensor has high sensitivity, but has the disadvantage that
the process of making the sensor is very complicated[5].
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However, based on SAW (Surface Acoustic Wave) Resonator,
it is relatively easy to process and suitable for mass production.
Therefore, in this paper, the installation of a SAW-based fine
dust sensor was considered [6].

1L SYSTEM CONFIRUGATION

A. Fine dust sensor base on SAW

The conceptual diagram of the components constituting
the SAW-based fine dust sensor used in this study is shown in
same as Figure 1 (a). Figure 1(b) is the fabricated fine dust
sensor. The manufactured fine dust sensor was produced in a
small size 0f 20 X 22 x Smm(w x 1 x h).

SMA connector—

/— Minor Flow
Bottom layer -
— Top layer
Major Flow | Middle layer
Micro heater

—  Micro fan

SMA connector—

(b)

Fig. 1. (a) The schematic diagram of Fine dust sensor based on SAW, (b)
prototype Finde dust sensor

The configuration of the fine dust sensor is composed of
an uppermost layer including a micro-heater first and a middle
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layer including a virtual impactor and having a flow path for
controlling the flow of the entire fluid. The third is the bottom
layer where the PCB with the SAW resonator is mounted and
the SMA connector is mated. Finally, there are 4 micro-fans
to determine the total flow[6].

The amount of fine dust according to the inflow air flow
rate was measured through a small Grimm type optical dust
sensor (HI-100, HUMAI, Korea). As shown in Figure 6, it can
be seen that the system is stable by showing the result that the
fine dust measurement value increases linearly as the flow rate
increases.

-~ 100

—=—PM 2.5

80 /
60
40 4

20

Saturated Concentration (ug/m

01— T T T T T T T T
0o 1 2 3 4 5 6 7 8 9

Flow rate (L/min)

Fig. 2. Change in the amount of fine dust measured in the chamber
according to the air flow rate

B. SBR with fine dust sensor

The SBR used in the experiment is composed as shown in
Figure 2 below. The current prototype of SBR is composed of
non-standard buoys to facilitate the charging of electric ships
and marine robots. The cross-sectional area was made in an X
shape to make it easy for ships to anchor.

Bird spike

— Light

Camera
—— Fine dust sensor part

— Solar panel

Docking part _——— Main body

Propulsion part

Weight

Anchor

Fig. 3. Fine dust sensor installed SBR

A light that informs the location with light, which is the
main purpose of SBR, is attached to the top, followed by a
camera for control and situation identification, and a SAW-

based fine dust sensor.

III. CONTROLLER DESIGN

SBR controls the bow direction using AHRS (Attitude
Heading Measurement System) and controls the propeller
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output value using the PD controller using the current position
error value at the target position.

The PA (Position Accuracy) discriminant is used to
control the position of the SBR. When the target position (RP:
Reference Position) x, and y, are determined, the PA
discriminant related to the position control performance index
is defined as in Equation 1 as follow:

r = 0 — %)%+ (i — yr)? (M

In this equation, PA,, means the maximum position error
value of the buoy robot. x; and y; are the position values of
the SBR at the ith sampling point, and r; is the radius of the

SBR at the i-th sampling point.

—.€ PD. By
( 'r—x-{ PD-Controller —X-{ Distributor Thruster

Observer
(Camera, Fine dust sensor)
Yr

P.
—

ENCH PD,, 3
PD-Controller Distributor Py Thruster

Fig. 4. Block diagram position control system

Figure 3 shows the block diagram of the PD controller for
position control of the SBR. In Figure 3, e, is the x-coordinate
error, and e,, is the y-coordinate error. PD-Controller derives
PD,, PD,, with x, y errors, and inputs control values to each
motor pq, Py, P3, Pa, through Distributor.

 Reference position
© Position
Reference PA
30 r

90

100
X [em]

110 120 130

Fig. 5. Performance of position control used a camera instead GPS

Looking at the result in Figure 4, the target position is
(97,42) in camera coordinates and the reference PA has a
radius of 7.1cm. The position control was performed inside
the circle related to the discriminant, and considering that the
small circles are concentrated near the target point, it can be
seen that the position control is well performed.

IV. CONCLUSION

In this study, a method for measuring fine dust on the sea
is proposed. The proposed system has strengths in the limited
power problem due to the size of the marine robot by using
the SAW type fine dust sensor, which has advantages such as
cost reduction, reduced power consumption, and ultra-small
size compared to the existing optical fine dust sensor. In
addition, it is easy to collect marine fine dust by using an SBR
capable of position control. Since only experiments on
individual systems have been carried out so far, we plan to



conduct fine dust measurement experiments in the actual sea
in the future.
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Abstract—In this paper, we propose an automatic lifting cable
control system for large circular steel pipes based on the
verticality monitoring system. Specifically, the system includes
a monitoring component that provides real-time data on the
pipe's alignment and an actuator control module that maintains
perpendicularity by utilizing the data acquired from the
monitoring system. The system is implemented with a tilt sensor,
a hydraulic actuator, and an embedded controller.
Experimental results show that the proposed system can
efficiently measure the roll/pitch information in real-time.
Furthermore, we show that the system properly operates and
secures a verticality less than 0.2° in the suction bucket-based
model experiment.

Keywords—suction bucket, lifting cable, automatic control
system, verticality, monitoring

[. INTRODUCTION

A suction bucket foundation is a construction method that
first locates an empty upturned bucket to a target site, then
installs the foundation by suctioning the air and water inside
the bucket [1]. By applying a suction pressure to the bucket
greater than the penetration resistance, the bucket foundation
penetrates into the ground due to the difference in water
pressure between the inside and the outside. The suction
bucket has traditionally been used as a mooring anchor [2, 3].
But, many studies have been conducted for using offshore
structures such as the foundations of offshore wind turbines
[4-17] and temporary structures for the construction of
offshore bridges [18] because of the advantages of fast
construction speed, simplicity, and less noise compared to the
impact piling method at depths of more than 20 meters.

Securing the verticality of the bucket is crucial as tilting
the pile can affect the stability and performance of the
structure [13]. However, the bucket's inclination can occur due
to the unevenness of the subsea ground. In general, the
repeated intrusion-pulling method is used to secure verticality
in the current suction bucket foundation construction process.
However, this relies heavily on the experience and skill of
field workers, and it also takes a relatively long time. Various
studies have proposed techniques to secure the verticality of
the suction bucket such as adjusting the suction pressure [15,
16], modulating the length of the lifting cable [13, 17], and
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utilizing a tilt sensor-based monitoring system for real-time
observations during construction [19]. However, these
techniques still depend substantially on field workers'
expertise and are time-intensive.

In this paper, we propose an automatic lifting cable control
system based on a real-time monitoring system to secure the
verticality of large circular steel pipes. The proposed system
incorporates a real-time monitoring component that provides
real-time data on the pipe's alignment and an actuator control
module that automatically adjusts the lifting cable's length to
maintain perpendicularity. The real-time monitoring system is
implemented with a tilt sensor, a Linux-based embedded
controller, and a Windows-based monitoring program.
Specifically, the monitoring system consists of a sensor unit
that collects raw data, a controller unit that processes the data
and wirelessly transmits the information, and a display unit
that shows the vertical information of the circular steel pipe.
The actuator control module comprises a lifting cable, a
hydraulic actuator, a serial communication part, and a
controller with an algorithm for adjusting the length of the
actuator. We demonstrated that the proposed system could
show vertical information in real-time and secure a verticality
0f 0.2° in model experiments.

The remainder of this paper is organized as follows.
Section 2 presents the detailed design and implementation of
our proposed system. The experimental results are presented
in Section 3. Finally, Section 4 concludes this paper.

II. AUTOMATIC LIFTING CABLE CONTROL SYSTEM

A. Verticality 3D Monitoring System.

The verticality monitoring system includes a sensor unit,
a controller unit, and a display unit as shown in Fig. 1. The
sensor unit should consist of a sensor that can measure a slope
of at least two axes. For data reliability, it can present a
different level of information by fusing the data collected by
same-type or heterogeneous sensors. Therefore, the sensor
unit is designed to be equipped with various types of sensors
as required, such as UART inputs like RS-232/422/485, and
analog/digital inputs. The controller unit receives data from
various sensors, preprocess the collected data, and transmits
the verticality information of the circular steel pipe using
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. 3 Sensor
unit
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unit

Fig. 1. Verticality monitoring system overview

Fig. 2. Sensor and Controller parts for verticality 3D
monitoring system

wired/wireless communication. The display unit receives
verticality data of the circular steel pipe from the controller
unit and presents it in an intuitive 3D display. Transmitting
and receiving data between the controller and display units can
use wired/wireless communication. But, the network
condition is generally inadequate in a marine construction
environment. Accordingly, the data is transmitted through the
wireless internal network.

e  The sensor part is implemented with the MTLT105D-
R developed ACEINNA, which can measure two-axis
tilt. The MTLT105D-R sensor measures the two axes
of pitch and roll at a frequency of S0Hz and transmits
it via RS-232 communication. The sensor is
separately watertight to prevent damage due to
exposure to seawater in a marine environment.

e  The controller part is implemented with the APAX-
5580 from ADVANTECH, which can collect
multiple sensor inputs. The APAX-5580 has various
ports for collecting UART/analog/digital input
signals, and additional ports can easily be added
utilizing expansion slots. The data collected by the
sensors is calibrated in the controller unit using a
Kalmann filter and then sent to the display unit.
Because The TCP protocol has a retransmission
function when sending and receiving data, we adopt
the TCP protocol, which easily ensures data
availability. The implemented sensor and controller
parts are shown in Fig. 2.
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Fig. 4. Setting window of the display unit

The monitoring program displayed on the display part
consists of the upper frame and lower steel pipe
verticality information, 3D display screen, 2D display
screen, lifting line information, and setting window
button as shown in Fig. 3. The 3D display screen
shows real-time 3D information about the state of the
upper frame and the verticality of the lower steel pipe
sent from the controller unit. The display can be
zoomed in/out and rotated. The 2D display screen is a
two-dimensional flat screen showing the circular steel
pipe from above. The verticality of the circular steel
pipe is displayed at the center. If the verticality
exceeds the threshold, the user can intuitively
understand the direction and degree of tilt of the steel
pipe through the changing color of the indicators. The
lifting line information is designed to display the
height of each lifting line relative to the initial
reference  value. This facilitates  accurate
measurements and analysis by enabling the numerical
calculation of the displacement for the entire lifting
line. The setting window can be accessed by clicking
the button at the bottom right of the main screen. In
the setting window as shown in Fig. 4, the user can
configure the shape of the upper frame, the number of
lifting lines, the tilt threshold of the steel pipe, and the
connection to the controller.
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B. Actuator Control Module

The actuator control module to adjust the length of the
lifting cable consists of a lifting cable, a hydraulic actuator, a
relay circuit to flip the actuator switch, a controller to control
the relay circuit, and a serial communication circuit to receive
data from the vertical monitoring system. The actuator control
module can be controlled manually or automatically. Each
actuator can be manually controlled through the up/down
buttons in the GUI program as shown in the Fig. 5. In addition,
the actuator can be automatically controlled based on the data
collected from the verticality monitoring system to secure
verticality by connecting the verticality monitoring system
and the actuator control module with the serial interface. The
program for automatically controlling the actuator was
implemented with a simple algorithm as shown in Fig. 6. The
program automatically adjusts the length of the actuator until
it is within the tilt threshold based on the verticality
information collected by the vertical monitoring system.

III. EXPERIMENTAL RESULT

The suction bucket foundation method has no verticality
standard of its own. But, it must be constructed within the
allowable verticality provided in the specification or letter of
construction design [15]. In order to effectively apply the
proposed system to real suction bucket foundation
construction, the time delay of verticality monitoring and the
precision of the verticality are crucial.
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(b) Automatic lifting cable control system

Fig. 6. Model experiment environment to demonstrate
automatic lifting cable control system

A. Time delay of verticality monitoring

The time delay for data display is given by Equation (1),
the time delay for T,; is given by Equation (2), the time delay
for T¢rans 18 given by Equation (3), and the time delay for
Tyisp is given by Equation (4).

(D

Where, T, denotes data calculate, Ty.qnsdenotes data
transfer Ty;spdenotes data display

T =Tear + Tirans + Tdisp

@)

Where, Tge,s denotes sensor, Ty, denotes h/w line
T,_appdenotes controller application

Tear = Tsens + Thw + Tc—app

3

Where, T,_,s denotes controller OS protocol stack,
T, denotes h/w medium T;_,s denotes server OS protocol
stack

Tirans = Tecos + T + Ts—os

= Tg-app

4)

Where, Ty_qpp denotes GUI application, Ty, denotes
monitor

Tdisp + Tmon



Tsens 1s the time delay at which the sensor measures the
verticality information. The sensor applied to our system
operates at SOHz, so it can read data every 20ms. Tj,,, means
the time delay for the sensed data to transmit the controller via
the hardware line, which takes less than 1 psec. T,_,s and
Ts_,s represent the time delay caused by transmitting and
receiving data in the operating system. T¢_gp, and Ty_gpp
indicate the time delay resulting from data processing by the
controller and PC. The CPUs of the APAX 5580 operates at
1.7 GHz, and the PC can process more than 2000 instructions
in about 1 psec because the clock speed of the current CPUs
used in PCs exceeds 2.0 GHz. T;,, indicates the time delay for
the controller's data to be transmitted to the 3D GUI program.
The transmission delay is about 11.8ms which measure by
ping command in a wi-fi environment. T, is the time delay
for the monitor to display the data, which takes about 16ms
because most monitors currently operate more than 60Hz.

Accordingly, the proposed verticality monitoring system
takes about 48.8ms from data acquisition to the verticality
information display and can operate in real-time.

B. Model Experiment

Fig. 7 is an indoor model experiment of suction bucket
penetration to demonstrate an automatic lifting cable control
system. The model suction bucket measured a diameter of
30cm and a length of 20cm. The soil box measured 80cm in
width, length, and height. Standard sand was placed inside the
soil box up to a height of 40cm, and then the soil box was
filled with water to a depth of 30cm. Actuators were installed
at four points on the top plate, and a two-axis tilt sensor was
installed to check the tilt. To enable effective penetration, we
first forced the model suction bucket into the ground for about
10 cm. Subsequently, we conduct suction penetration with the

automatic lifting cable control system automatic lifting cable
control system. We confirmed that the verticality of the bucket
was secured by operating the piston of the actuator according
to the tilt state. The proposed system calibrated the verticality
from 0.6° before suction penetration to 0.2° after penetration.

IV. CONCLUSION

In this paper, we propose an automatic lifting cable control
system based on a real-time verticality monitoring system to
secure the verticality of large circular steel pipes. The
proposed system consists of a verticality monitoring system
and an actuator control module. The verticality monitoring
system minimizes the verticality error by setting the origin of
the verticality when the sensor is horizontal. Furthermore, it
can be utilized in various fields that require precise verticality
such as bridge construction in addition to controlling the
verticality of steel pipes as it offers various adjustable options
according to the construction type. The actuator control
module can secure the verticality quickly compared to existing
techniques because it automatically adjusts the length of the
lifting cable according to the tilt state. The proposed system
also operates in real-time, and it has been demonstrated to
secure precise verticality of less than 0.2° with model
experiments. Therefore, it is effectively applicable to actual
construction sites. In the future, the proposed system is
expected to demonstrate its reliability through the actual
suction bucket foundation construction in a real-sea
environment.
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Abstract— This research paper explores the utilization of
marine specialized batteries in various marine devices to
overcome the challenges posed by corrosion and damage caused
by seawater. Two types of marine-specific batteries are
investigated: seawater batteries and lithium-ion batteries. The
specifications of these battery systems are presented,
highlighting their capacities, dimensions, and weights. Real-sea
experiments are conducted to evaluate the performance and
functionality of marine devices equipped with these specialized
batteries. The findings demonstrate the successful integration of
the maritime specialized batteries in different marine
applications, including light buoys, leisure vessels, and
unmanned surface vehicles. The results reveal extended battery
life, improved power output, and enhanced system stability,
showcasing the potential of these batteries in addressing the
limitations of existing battery technologies in the marine
environment.

Keywords—marine specialized battery, problems with
existing battery, maritime application, stable power supply

L. INTRODUCTION

Lithium-based and lead-acid batteries are commonly
employed in a wide range of battery-powered marine devices,
including light buoys, marine unmanned vehicles, and electric
propulsion ships. Unfortunately, the current batteries used in
these applications face significant challenges such as
corrosion and damage caused by seawater. As a result, they
suffer from limitations such as shortened usage time,
vulnerability to flooding, and the potential for environmental
pollution due to hazardous material leakage [1, 2, 4]. In an
effort to alleviate this issue, this paper introduces a maritime
specialized battery. We demonstrate that the integration of this
maritime specialized battery in various marine devices leads
to improved performance and functionality [1, 4].

II. MARINE SPECIALIZED BATTERIES

Within the demanding marine environments where marine
devices are employed, extensive research is currently
underway to develop maritime specialized batteries capable of
withstanding the effects of seawater exposure. This research
aims to address the challenges posed by corrosive conditions.
Two distinct types of marine-specific batteries have emerged:
seawater battery-based systems and lithium-ion battery-based
systems [5].

A. Seawater battery

Seawater batteries (SWBs) leverage the vast availability of
seawater as a virtually limitless resource for the storage and
generation of electrical energy. These batteries store electrical
energy by harnessing the chemical reactions involving water
and the sodium ions dissolved within the seawater. By
utilizing the unique properties of seawater, SWBs offer a

sustainable and efficient method of storing and producing
electrical energy. [6].

Fig. 1. Sewater battery as a marine-specific power source

Fig. 2. Seawater Battery specifications

Fig. 3. Marine-specific power supplies based on lithium-ion
batteries

Fig. 4. Li-ion Battery Marine Power Supply Specifications
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e The specifications of the seawater battery system
designed for maritime applications are illustrated in
Figure 2. The individual cell of the seawater battery
possesses a capacity of 8Wh (2.8V, 3Ah) with
dimensions  measuring  160x181x230mm  and
weighing 0.95kg. Furthermore, the unit module of the
seawater battery offers a capacity of 144Wh (12V,
12Ah), featuring dimensions of 444x167x205mm and
weighing 18kg.

B. Lithium-ion battery

Lithium-ion batteries are extensively employed due to
their ability to be repeatedly used between 500 to 2000 cycles
and their compact size and weight relative to batteries with
similar capacities [3]. Notably, these batteries do not contain
environmentally regulated substances such as cadmium, lead,
or mercury. Moreover, they are free from the memory effect,
which diminishes their rechargeable capacity over time.
Additionally, lithium-ion batteries possess the advantage of
delivering higher power output compared to conventional
battery technologies [5].

e The specifications of the marine-specific lithium-ion
battery-based system are presented in Figure 4. The Li-
ion battery cell within this system offers a capacity of
11Wh (3.7V, 3Ah) with dimensions measuring
18x70mm and a weight of 50g. Furthermore, the unit
module of this battery system boasts a capacity of
1.2kWh (12V, 40Ah) and features dimensions of
360x120x230mm, weighing 13kg.

III. MARINE APPLICATION TESTING EQUIPPED WITH MARINE
SPECIALIZED BATTERIES

In recent times, there has been a notable surge in research
focused on diverse marine devices. This paper particularly
highlights the introduction of marine-specific batteries in
various marine applications, such as light buoys, vessels, and
unmanned surface vehicles.

A. Light buoys

A light buoy serves as a navigational marker to guide ships
along specific routes or waterways. However, existing light
buoys often face the issue of frequent lights going out due to
limited battery life. To overcome this challenge, we
implemented marine specialized batteries [1, 4]. Four
seawater batteries were installed, supplying 3.9V and 1A of
power. Additionally, a remote control device was added to
manage the lights from a distance.

Through real-sea experiments, we found that the light
buoy equipped with marine specialized batteries operated
autonomously for four days without requiring any external
power input. These results demonstrate the effectiveness of
using marine specialized batteries in solving the battery life
issue and improving the performance of light buoys in marine
environments.

B. Marine leisure vessels

Existing leisure ships are commonly powered by internal
combustion engines or batteries to drive their motors, leading
to issues such as marine environmental pollution, noise,
lengthy charging periods, durability problems, and fire
hazards in the event of accidents. However, by implementing
marine specialized batteries with hydrogen fuel cells as the
primary energy source in a hybrid configuration, we have
successfully mitigated the problem of marine pollution while
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resolving issues related to corrosion and failure caused by
seawater [1, 3, 4].

During a real-sea test, a hybrid battery-powered ship
demonstrated impressive performance. With five individuals
on board, the hybrid system supplied a consistent 53.7V and
56.3A of power, achieving a maximum power output of
2.5kW, a top speed of 4 knots, and a cruising time of 4 hours.
These results highlight the efficacy of the hybrid battery
system in addressing the challenges associated with traditional
power sources, paving the way for cleaner, more efficient, and
reliable leisure ships in marine environments.

Fig. 5. Four seawater-based marine specialized batteries for
light buoy

Fig. 6. Light buoy

Fig. 7. Seawater-based marine specialized batteries for
marine leisure vessel



Fig. 8. Marine leisure vessels

Fig. 9.Seawater-based marine batteries (left) Lithium-ion-
based marine batteries (right) for unmanned water boat

Fig. 10. Unmanned water boat

C. Unmanned surface vehicle

Unmanned surface vehicles (USVs) are marine unmanned
vehicles designed for various maritime applications, including
navigation, surveillance, and environmental data collection.
The USV proposed in this paper is equipped with a hybrid
system consisting of both lithium and seawater batteries,
providing a voltage output of 21V to the entire system. In
order to evaluate the performance of the unmanned watercraft,
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real-sea experiments were conducted, comparing parameters
such as hull transmission, motor functionality, current flow
method, battery operating time, attitude values (roll, pitch, and
yaw), and system stability tests.

The experimental results revealed that the targeted attitude
values (roll, pitch, and yaw) were accurately measured even
without the movement of the hull. Furthermore, the operation
time of the communication equipment was quantitatively
measured to be approximately 2 hours with a stable power
supply, yielding a measured voltage of 20.26V and a
continuous discharge current of 1.5A. These findings,
demonstrate the successful integration of the hybrid battery
system in the USV, showcasing its capability to meet the
power demands and maintain system stability during real-sea
operations.

IV. CONCLUSION

This paper introduces and evaluates the application of
maritime specialized batteries in marine devices. The
integration of seawater batteries in light buoys improved their
performance, enabling extended operation without power
input. The implementation of hybrid battery systems in leisure
vessels mitigated marine pollution and addressed durability
and safety concerns. The hybrid system in unmanned surface
vehicles showcased accurate attitude measurement and stable
power supply. Overall, the use of maritime specialized
batteries offers enhanced performance, extended battery life,
improved power output, and system stability, paving the way
for cleaner and more efficient marine operations. Future work
will focus on further optimization and exploration of these
battery systems to enhance their capabilities and expand their
applications in the maritime industry.
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Abstract— This paper presents the development of an II. RELATED LITERATURE AND DESIGN PRINCIPLES
intelligent monitoring system aimed at tracking and predicting . . . . .
multiple indoor air pollutants in real-time. Leveraging Previous studies on lndoor air quality assessment_ have
advanced sensors, the internet-of-things (IoT), and a cloud-  ©ften suffered from limitations such as a random selection of
based platform, the system enables continuous monitoring of  Pollutants, short-term data collection, and data loss due to Wi-
controllable air quality parameters, including temperature, Fi communication issues. Furthermore, these studies have

humidity, carbon dioxide (COz), carbon monoxide (CO), and often lacked data accessibility and an indoor air quality (IAQ)
particulate matter (PMzs, PMio) concentrations. The design index, failing to capture the dynamic and real-time nature of
principles, implementation strategies, and preliminary findings indoor air quality variations. Consequently, occupants lack
of our ongoing research are outlined. Despite being in the early  timely information to proactively address air quality concerns
stages, initial experiments showcase the system's potential to and improve the quality of the air they breathe.

deliver timely feedback on indoor air quality, empowering . )

proactive measures for ensuring healthier and more To address these shortcomings, this study focuses
comfortable living and working environments. This work not specifically on controllable pollutants, namely carbon dioxide
only contributes to the field of indoor air quality monitoring but (COy), carbon monoxide (CO), PMjo, PMzs, as well as

also paves the way for future advancements in intelligent, data- temperature and humidity. Unlike previous research, this
driven approaches for air pollutant control systems. study aims to collect data over a more extended period,
spanning at least one full year, to obtain a comprehensive

Keywords—indoor air quality, real-time, monitoring, Internet-  ynderstanding of indoor air quality and develop an accurate
of-Things IAQ index. Additionally, the proposed monitoring device

incorporates redundant data saving mechanisms to prevent
loss of collected information, ensuring data integrity and
Indoor environments, such as homes, offices, schools, and availability for users.

other confined spaces, have become the primary settings
where people spend the majority of their time, particularly in
light of the Covid-19 pandemic. Regrettably, indoor air
quality is frequently compromised by various factors,
including inadequate ventilation, the presence of pollutants,
and the accumulation of allergens. Subpar indoor air quality
can give rise to an array of health issues, ranging from
respiratory problems to allergies and even long-term chronic
conditions. Consequently, ensuring optimal indoor air quality
is of utmost importance, as it directly impacts human health,
comfort, and productivity. The objective of this study is to
develop an Internet-of-Things (IoT)-based indoor air
monitoring system that enhances indoor environmental
quality through continuous monitoring, prediction, and
control, leveraging cloud computing and deep learning
techniques. The use of various sensors based on the Internet
of Things (IoT) and machine learning has become
increasingly prevalent in monitoring and predicting indoor air
quality [1]. Real-time measurements of indoor air pollutants ) ) ) o o
have been taken using IoT applications, with In this section, key design principles and functionality of
recommendations made for improving ventilation and  the proposed indoor air monitoring device are discussed.
reducing indoor activities [2].

[. INTRODUCTION

Moreover, this ongoing work aims to achieve automated
responses for improved indoor air quality management. The
integration of the intelligent indoor air monitoring device with
existing smart home systems will enable advanced
functionalities in the future. For instance, in response to poor
air quality, the device will have the potential to trigger the
ventilation system to increase airflow or activate air purifiers
to effectively mitigate pollutants. By continuously monitoring
indoor air quality parameters, occupants will have the ability
to optimize ventilation systems, adjust heating and cooling
settings, and ultimately reduce energy consumption, while
ensuring a healthy and productive indoor environment.
Although the development of these automated responses is
part of future work, the proposed system sets the foundation
for achieving these goals, with the potential to significantly
enhance indoor air quality management in the future.

III. DEVICE DESIGN AND FUNCTIONALITY
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A. Hardware

The proposed device is equipped with a diverse array of
sensors capable of measuring various crucial indoor air quality
parameters, encompassing temperature, humidity, carbon
monoxide (CO) and carbon dioxide (CO,) levels, as well as
PM;s and PMjo concentrations. Through wireless
communication, the device seamlessly transmits the collected
data to a cloud-based platform, where cutting-edge data
analytics techniques are employed to process and analyze the
information in real time. This enables continuous monitoring
and real-time analysis of indoor air quality. To ensure data
integrity, the device incorporates local storage capabilities,
safeguarding against potential network disruptions. The
following components are listed in Table 1.

TABLE L COMPONENTS OF THE DEVICE
Component Function Parameters
measured
Raspberry Pi 4B (8GB) Microcontroller
MH-Z19B Carbon dioxide sensor | CO,
. PM2.5
CUBIC PM2008M Fine dust sensor PMI10
DFROBOT SEN0377 Carbon monoxide co
sensor
. . . Temperature
PIM458 Enviro+ Air quality sensor Humidity

B. Implementation Strategy: Code Development

The software architecture of the device is implemented
using Python, a versatile programming language. The coding
process entails the development of essential code modules and
functions to fulfill the software requirements. For most of the
sensors used, readily available Python libraries and modules
are leveraged, simplifying the integration process.
Additionally, specific functions are developed to calculate the
Indoor Air Quality (IAQ) index and classify the IAQ status
based on the Air Korea Guidelines. These functions ensure
accurate and reliable acquisition of sensor data, accounting for
potential error sources and handling data anomalies or
outliers. Upon data collection, the device securely transmits
the gathered information to both the cloud and an external SD
card for further analysis and storage. The initial configuration
of the device is visually depicted in Figure 1, providing an
overview of its open design.

Fig. 1. Device configuration

C. Integration and Testing

While the device is still in the early stages of
development, initial demonstrate its capability for real-time
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monitoring. The device successfully captures variations in
temperature, humidity, CO and CO; levels, PM,s and PM;,
concentrations, providing real-time insights into the indoor
environment's air quality. A screenshot of the cloud interface
showing the received data from the Raspberry Pi is shown in
Figure 2.

Fig. 2. Data transfer from Raspberry Pi Terminal to AWS cloud platform

IV. DISCUSSION AND FUTURE WORK

This work-in-progress paper focuses on developing a
device for the monitoring stage of indoor air quality
assessment. The device successfully monitors air quality
parameters, determines the air quality index, and transmits
data to the cloud. The next steps include calibration and
validation of the sensors, data analysis using deep learning for
prediction, and integration into field experiments. The
proposed intelligent indoor air monitoring device integrates
advanced sensors, IoT capabilities, and deep learning
techniques to provide real-time information on various air
quality parameters. Its goal is to revolutionize indoor air
quality monitoring, enhance control and management, and
contribute to healthier living and working environments.
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Abstract— This paper presents a novel early warning system
designed to detect window breakage and ensure the safety of
occupants in coastal cities during typhoons. The system
comprises two main processes: the warning process and the
unalert process. In the warning process, an audible alarm and
LED indicator are activated when the stress and natural
frequencies detected surpass 70% of the window glass fracture
stress and natural frequencies, respectively. In contrast to
existing window break detection systems, the proposed system
prioritizes early warnings, thereby mitigating the potential risks
of personal injury and property damage resulting from
shattered windows. Experimental validation of the proposed
system is conducted using two different window sizes.

Keywords— early warning, window break, detection system,
safety, typhoon, coastal cities.

I. INTRODUCTION

In recent years, the frequency of typhoons, powerful
tropical cyclones characterized by strong winds, has increased
due to climate change [1]. These typhoons predominantly
impact the northwest Pacific Ocean region, including East
Asian nations like South Korea [2]. The strong winds result in
significant damage, not only to load-bearing structural
elements but also to envelope structures such as windows. The
destruction of windows not only leads to economic losses but
also disrupts and endangers people's lives [3]. Research [4]
indicates a growing number of incidents in South Korea where
exterior materials, including window, have fallen off
buildings due to strong winds. Aging apartment, lack of
structural monitoring, and insufficient sealant are some of the
contributing factors to the detachment window.

Over the five-year period, South Korea experienced 24
typhoons, averaging 4.8 typhoons per year [5], exceeding the
normal occurrence rate of 3.1 per year. The wind speed
intensity resulting from typhoons has progressively increased,
from 144.67 km/h in 2019 to 200 km/h in 2022 [6].
Noteworthy typhoon-induced incidents include a Seogwipo
resident being hospitalized in 2014 due to Typhoon Nakri
shattering a window [7], the windows of a Haeundae building
in Busan being broken by Typhoon Kong-rey in 2018 [8], and
a large glass window in Busan being shattered by Typhoon
Tapah in 2019, resulting in it falling on the sidewalk below

Dong-A University
Busan, South Korea
dnjsrl9565@naver.com
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[9]. In 2020, broken store windows were reported in Seogwipo
and Jeju City during Typhoon Bavi [10], and Typhoon
Maysak caused at least two deaths in Busan due to broken
windows [11]. The rising frequency of high-intensity
typhoons in the Pacific Ocean [12] and the escalating cost of
typhoon-related damages in South Korea, which increased
from 0 KRW in 2017 to 222.54 billion KRW in 2020 [13],
highlight the need for risk assessment of structures vulnerable
to strong winds.

A window break detection system has been developed that
is capable of providing an alarm signal upon detecting a
broken window [14—15]. However, to further enhance the
safety of occupants, there is a need for an early warning
detector system. In this study, a novel early warning window
break detection system is proposed to mitigate the risk of
injuries or property damage caused by broken windows during
typhoons.

II. EARLY WARNING WINDOW BREAK DETECTION SYSTEM

Every material has a natural frequency, which is the
frequency at which it vibrates when excited. Our proposed
system utilizes a piezoelectric sensor to detect stress and
monitor natural frequencies resulting from wind loads. This
cost-effective system maintains the aesthetic integrity of the
window by putting the sensor in each window edge where the
vibrations are most effectively transmitted, as shown in Fig. 1.
To anticipate window breakage, stress and natural frequency
thresholds are established. Increasing stress and shifting
natural frequencies indicate glass weakening and an elevated
risk of breakage.

Table 1 presents the equipment list and budget. The
electronic circuit setup presented in Fig. 2 includes an Arduino
as the controller and a piezoelectric, which will generate a
voltage when it is physically deformed by a vibration, as the
sensor. The Arduino receives and processes data from both
sensors using its built-in programming capabilities. This
processed data can be utilized to trigger different actions or
responses, such as sending notifications through sound and
light. Additionally, the proposed system's framework and
flowchart are illustrated in Figs. 1 and 2, respectively.
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A, Data Acquisition B. Data Processing C. Data Monitoring

TABLE L. EQUIPMENT LIST AND BUDGET gj
. . Total rs . o . T ] a
No. Equipment Quantity Remarks Price | “i 5°“J5°' [ Amulm:l Uno R3
. . KRW \ . ol yox
1 Arduino Uno R3 1 Mini-PC 28,000 _/59..;[.,-&";0(.] g i s
Ceramic Piezoelectric ) h i
2 Buzzer 27mm [FQ- 4 Sensor K%XV T "
076] Personal Computer
5 Pi High Brightness
3 LED Translucent 3 Al‘:"; K;}XV Fig. 1. Proposed system framework
[SR3HT-10] syste
4 IMTI2D2001 AP 1 Alarm KRW
system 290
Socket jumper cable KRW
5 40P (color) (F/F) 10cm 40 Connector 700
[CH254]
Socket jumper cable
6 40P (color) (M/F) 40 Connector K;EXV
10cm [CH254]
7 BC337 Transistor 5 Connector K_,,%XV
12W 1% Axial KRW
8 | Resistor 102F (1KQ) 20 Connector |7
KRW
9 MCP3008-1/P 1 Connector 5.700
Breadboard 400-pin KRW
10 . 4 Connector
Half Size Breadboard 2,800 Fig. 2. Electronic circuit setup
. KRW
Grand Total Price 39,520

Sensors On
(Detecting
window damage)

Sounding an

Alarm and
Turn on the
LED

Warning process

Stop sounding
an alarm and
Turn off the LED

Unalert process

Fig. 3. Proposed system flowchart

III. EXPERIMENTAL PROGRAM

A simplified building model is employed, utilizing
window glass panels of two different sizes: I m x 1 m and 0.5
m x 0.5 m, both having a thickness of 5 mm. The simplified
model takes the form of a foam cube, wherein the window
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glass is positioned on one of the faces, as depicted in Fig. 4.
The properties of the window glass are detailed in Table 2.

The stress threshold utilized for the proposed window
design is determined based on a comprehensive full-scale
glass window experiment conducted by [16] under the support



of the Korea National Disaster Management Research
Institute. This experiment covered various thicknesses,
reinforcements, and installation conditions. However, for the
purposes of this paper, only a specific type of window with a
thickness of 5 mm is considered. The fracture stress obtained
from the experiment, specifically for the 5 mm-thick window
glass, amounted to 4263 Pa. Additionally, the natural
frequency threshold is determined by calculating the natural
frequency of the glass as presented in (1) based on [17] in
accordance with its characteristic properties. Both the stress
and natural frequency thresholds are established at 70% of the
fracture load and the calculated natural frequency,
respectively.

ﬁtatuml = (1/27[) (I</M)05 (1)
where fraural 18 the natural frequenzy (Hz), K is the stiffness of
the structure (N/m), and M is the mass of the structure (kg).

The experiment will be conducted in a consistent location
for both window glass sizes, utilizing the proposed system.
Prior to conducting the experiment, the defined threshold will
be allocated to the proposed model. The reading from the
sensor will be calibrated to the windspeed which is provided
by the open data source from [18].

TABLE IL. WINDOW GLASS PROPERTIES
Properties General window glass
Density (kg/m’) 2500
Hardness 6-17
Young’s modulus (N/mm?) 7.35 x 10*
Coefficient of linear expansion (strain/°C) 9.54
Thermal conductivity (W/m°C) 0.60

Fig. 4. Simplified building model

IV. RESULTS AND DISCUSSIONS

The piezoelectric sensor was used to collect data from two
different window sizes: 0.5 m x 0.5 mand 1 m x 1 m, as
depicted in Figs. 5 and 6, respectively. The data collection
process for the and 0.5 m x 0.5 m cm window size lasted
approximately 45 minutes. The collected data exhibited
discernible patterns at specific times, indicating variations in
the load experienced by the sensor due to changes in wind
speed during the data acquisition period. Higher sensor

29

readings corresponded to increased stress from external loads,
while lower readings indicated reduced stress. These findings
demonstrate the sensor's capability to accurately detect
changes induced by external forces.

Fig. 5. Data reading from all sensors in case of 0.5 m x 0.5 m window size

In Fig. 6, corresponding to the 1 m X 1 m window size
case, the sensor readings exhibited a similar pattern to the
previous case. The data collection duration for this case was
approximately 15 minutes. The observed data pattern
displayed a distinct trend at specific time intervals, reflecting
the pressure experienced by the sensors. The purpose of
employing different window sizes was to investigate whether
variations in data readings would occur. However, it was
found that the sensor readings from the different window sizes
were nearly identical. These results suggest that, in real-world
deployment scenarios, the window size does not significantly
impact the sensor's readings.

Moreover, in both cases, the sensors positioned at each
corner of the window exhibited similar readings, indicating
consistent data across the different sensor locations. The
placement of sensors in each corner was primarily intended to
detect variations in stress levels that could arise during
typhoon events.

Fig. 6. Data reading from all sensors in case of I m x 1 m window size

In future studies, we aim to calibrate our sensor readings
using wind speed data obtained from [18]. The primary
objective of calibration is to enhance the comprehensiveness



and meaningfulness of the collected data. By establishing a
direct correlation between our sensor readings and the stress
levels over time, the calibrated data will provide more
accurate and valuable insights. This calibration process will
enable us to refine our understanding of the relationship
between sensor readings and the corresponding wind speeds,
ultimately improving the reliability and applicability of our
sensor data in assessing stress variations.

V. CONCLUSIONS

In conclusion, this paper presents a novel early warning
system designed to detect window breakage during typhoons,
with a focus on ensuring the safety of occupants in coastal
cities. The system incorporates a warning process and an
unalert process, where an audible alarm and LED indicator are
activated when stress and natural frequencies detected surpass
predefined thresholds. By prioritizing early warnings, the
proposed system mitigates the potential risks of personal
injury and property damage resulting from shattered windows.
Experimental validation of the system using different window
sizes confirmed its effectiveness in detecting changes in stress
levels and natural frequencies induced by external forces.
Moreover, the study demonstrated that the location of the
sensors within the window had consistent readings,
highlighting the system's reliability in detecting stress
variations.

For future studies, our research aims to calibrate the sensor
readings using wind speed data from [18]. This calibration
process will establish a direct correlation between the sensor
readings and the stress levels over time, enabling more
comprehensive and meaningful data analysis. By refining our
understanding of the relationship between sensor readings and
wind speeds, we can improve the reliability and applicability
of our sensor data in assessing stress variations. The calibrated
data will provide more accurate insights and contribute to a
more comprehensive risk assessment of structures vulnerable
to strong winds. Overall, the proposed early warning system
offers a promising approach to enhancing the safety of
occupants during typhoons and can serve as a foundation for
further research in the field of structural monitoring and risk
mitigation.
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Abstract— Crowd crush disasters are of significant concern
for public safety. Stadiums, known for hosting large-scale events
with massive crowds, are susceptible to crowd disasters. This
study proposes a crowd detection system that addresses the

accuracy limitations of vision-based technologies, such as CCTYV.

To improve accuracy, piezoelectric sensors are integrated
alongside CCTV monitoring. These sensors accurately detect
human walking pressure, while CCTV provides visual
information. By analyzing the temporal characteristics of both
data sources, data fusion enhances crowd monitoring. This
approach offers a novel method to effectively monitor crowd
dynamics, enabling timely intervention and prevention of crowd
crush situations. The system contributes to public safety by
overcoming accuracy drawbacks and ensuring comprehensive
crowd monitoring.

Keywords— crowd monitoring, CCTV, piezoelectric sensor,
data fusion.

I. INTRODUCTION

Crowd crush is a phenomenon that occurs when the
density of people in an area is high enough to put pressure on
individuals that can cause the crowd to collapse on itself,
causing each person to experience injuries or difficulty of
breathing, among others. The crowd crush incident, sourced
from multiple references [1,2], has been categorized as one
of the most fatal events in history, considering its occurrence
in various locations. Among all the locations, stadiums are
classified in the top 3 most frequent locations where the
crowd crush incidents have taken place after open areas and
indoor building, respectively. With the increasing number of
incidents each century, crowd crush remains an important
area of study.

Fig. 1. Locations of deadliest crowd crush events in history
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Several crowd detection systems [3,4] which have been
studied include the use of vision-based technology (CCTV,
drone, satellite), wireless based technology (RFID tag,
mobile phone, Wi-Fi, Bluetooth), and social-media and web
data mining based. Among them, vision-based systems using
camera and CCTV have been widely used and developed as
it is one of the oldest technologies in this domain. However,
the use of cameras alone has some shortcomings in case of
calculating the number of crowds. The system might
encounter the loss of vision due to the brightness of the
environment. Furthermore, the loss of vision can also be
caused by the device position, overlapping object, and
occlusion, hence the accuracy might decrease with the
increase of crowd density [3,4,5]. To overcome this issue, the
simultaneous use of other sensors alongside the use of camera
is becoming more common. Some of them used the
combination of camera and Wi-Fi signal strength
measurement to increase the accuracy [6,7]. However, the use
of Wi-Fi technology has also its drawback due to some
uncertainties whether the Wi-Fi is switched on or if one
person brings any or more than one mobile devices.

This study attempts to address the issue of occlusion by
using piezoelectric sensor in combination of computer vision.
By using this sensor, the crowd’s pressure data in a certain
area can be added into the computer vision data to verify the
number of people in the area and increase accuracy.

II. METHODOLOGY

A. Crowd Monitoring System Design

We initiated an outline of technical aspect to monitor the
crowd is depicted in Fig 1. In this study, a camera and a
piezoelectric sensor were used as crowd monitoring devices.
The end goal is to come up with a monitoring system that
signals when the density in an area of interest reaches certain
thresholds based on the Guide of Safety at Sport Grounds
(2008), the criteria of crowd evacuation stability [8]:

. Stable: D <X 4 NP/meter2
. Critical stable: 4 NP/meter2 << D <7 NP/meter2
. Unstable, 7 NP/meter2 <D
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Fig. 2. Proposed reasearch scheme

To simulate the floor cover of a stadium gate, we have
employed an acrylic panel with a 5 mm thickness and the
dimension of 300 mm x 300 mm. In order to simulate the
pressure of human footstep, we worked with 3 dolls, each with
a mass of 35 grams. All the equipment would be linked into a
personal computer and a microSD would be used to save the
signal. Fig 3 is the setting arrangement for the small-scale
crowd monitoring system.

Fig. 3. Propose setting arrangement for small-scale crowd monitoring
system

B. Image Processing

YOLOV4 was selected to implement the image processing
phase of this study. YOLOV4 is a deep learning model used
for object detection, one that is widely used for crowd
counting. Figure 4 shows the YOLOv4 workflow with three
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main parts: backbone, neck, and head. The backbone is where
features from the input image are extracted. At the neck, the
extracted features are combined for a more thorough
interpretation of the input image. The head takes the neck
output for predicting the classes of the objects detected in
bounding boxes.

Fig. 4. YOLOV4 architecture one-stage detector

C. Vibration Signal Using Piezoelectric Sensor and
Microcontroller

Our method, as depicted in Figure 3, utilizes a single
piezoelectric sensor to detect footsteps and compensate for the
camera's inaccuracies in identifying individuals at the gate.
The sensor's high accuracy in detecting human walking
pressure, exceeding 90% [9,10], makes it an ideal choice for
our approach. We also utilized the aforementioned sensor to
detect human footprints. In contrast to previous studies, an
oscilloscope and signal generator was occupied [11] however,
we used an Arduino-based microcontroller (ATmega328p)
connected to a personal computer to display the process
collecting the signal. The sampled signal was converted into
range of voltage representing footprint generated by dolls
stomping.

[II. EXPECTED RESULT

A. RGB Camera Data

YOLOvV4 has been used to data processing for video
camera. as can be seen in Fig. 5, YOLOv4 recognizes people
and other objects from an RGB camera. If the distance
between populations is less than 7NP/meter?, people are well
recognized, but if it is greater than that, the recognition
number will fail. To do this, the area of the location of interest
is fed into the code to compute the crowd density per unit of
time.

Fig. 5. Object detection using YOLOv4

B. Piezoelectric Sensor Data

The result of the experiment explained in section II shows
a notable distinction in the voltage values generated by 1, 2,
and 3 dolls. This finding strongly suggests the potential use
of piezoelectric sensors as crowd detectors.



Fig. 6. Signal Processing from piezoelectric sensor for (a) 1 doll, (b) 2 dolls,
and (c) 3 dolls

In the scenario where one doll is placed on the plate, a
voltage of below 20mV is generated. When two dolls are
present, the voltage mostly remains below 50mV, and with
three dolls, it similarly stays below 70mV. This observation
suggests that the average voltage can potentially provide
information about the number of people. The collected signal
data, as depicted in Fig. 5, undergoes analysis to extract
relevant features and effectively handle outlier. Peak voltage
value serves as one of the significant features that can be used
to identify the number of people generating the signal. If the
distance between the population is greater than 7NP/meter?,
the number of people measured by the piezoelectric sensor
and the number of people recognized by the camera is
compared, and the difference is determined that the camera
does not recognize the person and finds the person.
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Fig. 7. Fusion Algorithm for vision based technology, and piezoelectric
device.

IV. CONCLUSION AND FUTURE WORK

This study proposes a crowd monitoring system involving
computer vision and piezoelectric sensors, wherein the camera
detects people in a crowd and the piezoelectric sensors detect
the pressure of human footsteps, which is then associated with
a number of people. This was done to address the issue of
occlusion, or the blocking of people by other people as a
limitation of the camera field of view and location. Currently,
the system is able to detect and track people from a camera
video.

There are several potential avenues for future research in the
field. Some aspects that upcoming research must be
considered, include:

1. Applying the Kalman Filter algorithm [12] for data
processing. The technique offers a recursive
approach to estimate the state of a dynamic system,
even in the presence of uncertainty. This widely-
used and valuable estimation method is particularly
well-suited for implementation in linear systems
due to its simplicity. However, when dealing with
nonlinear systems, the recommended choice is to
implement the extended version of Kalman filtering
known as the Modification Kalman Filter.

Previous research has already explored wiring
techniques in tile floors such as the development of
a Smart Carpet system [13]. Building upon these
existing findings, our future work aims to enhance
and implement innovative wiring solutions that
enable seamless integration of technology within
floor surfaces.
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Abstract—This study considers a maritime Internet of Things
(IoT) network, where a high-altitude platform (HAP) is deployed
to serve the IoT devices (IoTDs) on sailing ships. Here, the HAP
allocates its communication resource to the ships using frequency
division multiple access (FDMA), and IoTDs on each ship
share the same communication resource allocated for their ship
using non-orthogonal multiple access (NOMA). Accordingly, we
formulate an optimization problem to maximize the system sum
rate by optimizing the resource allocation at HAP and transmit
power at IoTDs. Then, we propose a deep reinforcement learning
(DRL) framework that applies the deep deterministic policy
gradient algorithm to decide the variables. The simulation results
illustrate the proposed algorithm’s convergence and performance
under various environmental parameters.

Index Terms—maritime IoT networks, high-altitude platform,
multiple access, deep reinforcement learning

I. INTRODUCTION

Recently, maritime activities such as maritime tourism,
oceanic mineral research, and offshore fishing have grown sig-
nificantly, creating a demand for IoT services [1]. In response
to this observation, aerial radio access networks emerge as a
potential option for supplementing terrestrial communication
systems, which support global access, including maritime
communications [2]. Therefore, the research on maritime IoT
networks with the assistance of aerial networks has increased
recently [3]-[5]. In particular, the work in [3] considered a
combined satellite-terrestrial communication infrastructure to
assist intelligent vessel traffic services. The authors introduced
a two-phase data-driven machine learning framework aimed
at improving the quality of vessel trajectory records obtained
from automatic identification system networks. The authors
in [4] also investigated a maritime IoT system with the
combined satellite-terrestrial automatic identification system
base stations, where they proposed a long short-term memory-
based prediction framework that predicts the spatiotemporal
vessel trajectories. In [5], the authors considered a maritime
IoT network with the help of an unmanned aerial vehicle

This research was supported by the MSIT(Ministry of Science and ICT),
Korea, under the ITRC(Information Technology Research Center) support
program(IITP-2023-RS-2023-00258639) supervised by the IITP(Institute for
Information & Communications Technology Planning & Evaluation).
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(UAV), where unmanned surface vehicles (USVs) offload their
tasks to the UAV using NOMA. They focused on a problem
that minimizes energy consumption by optimizing resource
allocation for computing, USVs offloading strategy, transmit
power, and UAV trajectory with the latency requirement.
Multiple access techniques such as NOMA are crucial in
the next-generation network. However, to the best of our
knowledge, the consideration of multiple access techniques in
maritime IoT networks is still limited. Therefore, in this work,
we study a multiple access scheme that combines FDMA and
NOMA in a maritime IoT network with the assistance of a
HAP. The main contribution of our work are summarized as
follows:

e We investigate a HAP-enabled maritime IoT network
scenario, where a multiple access scheme that combines
FDMA and NOMA is introduced. Here, we formulate a
maximization problem of system sum rate where the com-
munication resource allocation at HAP and the transmit
power at IoTDs are considered optimization variables.
To address the issue, we present a deep reinforcement
learning framework that uses the deep deterministic pol-
icy gradient algorithm to determine optimization vari-
ables, where problem constraints are satisfied using the
softmax function.

To analyze the system performance, we simulate a sce-
nario with the variation in the environmental parameters.
The outcomes of the simulation reveal how the proposed
algorithm achieves convergence and demonstrates system
performance across a range of parameters.

The rest of this work are arranged as follows. We formulate
the problem in Section II, where the proposed framework
is introduced in Section III. The simulation is presented in
Section IV. Section V concludes this work.

II. PROBLEM STATEMENT

We consider the uplink communication in a HAP-enabled
maritime [oT network system shown in Fig. 1, where the
HAP serves N ships sailing on the sea. At each ship n,n €
N £ {1,2,...,N}, K, 1oTDs connect to the HAP, which
form a virtual cluster. Accordingly, the HAP simultaneously
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Fig. 1: HAP-Enabled Maritime IoT Network System.

serve N clusters, each has K IoTDs. To enhance the uplink
communication performance, we deploy a multiple access that
combines the FDMA and NOMA to the system, where the
HAP divides its communication resource into /N sub-channels,
each for one cluster. In each cluster n, K,, IoTDs share the
same communication resource intended for their ship, which is
enhanced by applying the NOMA technique. We consider the
HAP to have perfect channel state information (CSI), allowing
it to progressively decode each message after receiving them
from IoTDs using the successive interference cancellation
(SIC) technique [6]. Without sacrificing generality, we choose
the decoding order following the channel gains between IoTDs
and HAP in descending order [7]. As the air-to-ocean com-
munication, the channel between k—th IoTD in cluster n and
HAP is considered as the Line-of-Sight (LoS) propagation,
where the channel gain can be expressed as [8]

ho

)

hnky = (1
where hy denotes the channel gain of LoS propagation at
the reference distance dy = 1m and « denotes the path loss
exponent.

Accordingly, considering IoTDs in cluster n are ordered
based on the descending order of channel gain, i.e., h(n,1) >
h(ng2) =2 -+ = h(n k,), the transmission rate of k—th IoTD
in n—th cluster is calculated as

) (@

where B denotes the HAP communication bandwidth, f,, is
the fraction of the HAP bandwidth allocated to cluster n, p(, x)
is the corresponding transmit power, and o2 is the power of
the additive white Gaussian noise.

p(n,k)h(n,k)
P(n,i)(n i) + 02

Kn
i=k+1

T(n,k) = fnBlogy (1 + >
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This study aims to maximize the sum rate of all [oTDs in
all cluster by optimizing the resource allocation at HAP and
the transmit power of IoTDs. By denoting F = {f,,n €
NEP = {pmpry,neN,ke{l,2,...,K,}}, we formulate
the system sum rate maximization problem as

K,
(P): max S T

(3a)
neN k=1
sty fa=1, (3b)
neN
P(n,k) < Pmax,(u,k:)a (30)

where the constraint in (3b) indicates that the sum of allocated

resource cannot exceed the resource capacity at HAP, and
constraint (3c) is to ensure the maximum transmit power
of each IoTD. Due to the non-convex constraint in (3b)
and the massive number of real-time observations from the
dynamic environment, it is demanding to address the problem
using traditional methods. Therefore, we introduce a DRL
framework for solving the optimization problem.

III. PROPOSED DRL FRAMEWORK

We model the problem as a reinforcement learning (RL)
model [9], with HAP acting as the RL agent and the entire
system acting as the environment. Here, we define the state
space, action space, and reward function at each time slot ¢ as
follows.

o State space: The state space indicates the environment
observation affecting the model’s reward. Therefore, in
this work, we define the state space including all IoTDs’
channel gain information:

slt] = {h@mpltlhne N ke {1,2,..., K, }}. @



Algorithm 1 Proposed DRL-based Algorithm

1: Initialize environment and neural networks.
2: for e € E do

3:  Obtain the first state s[t].

4:  while in episode do

5 Interactive process:

6: Determine action a[t] using main actor network.
7 Calculate p(,, ;) and f,.

8: Perform p(,, ,y, fn — obtain s[t + 1], r[t].

9: Store {slt], alt], r[¢], s[t + 1]} into buffer for training.
10: Update state s[t] < s[t + 1].

11: Training process:

12: Get random sample batch form buffer.

13: Update parameters 0% and 0% by (7) and (8).
14: Update parameters of target networks by (9).

15:  end while

16: end for

17: return the trained actor networks 6 .

e Action space: It contains all optimization variables the
agent has to decide at each time slot, which includes
resource allocation and transmit power variables:

alt] = {Ft], P[t]}- (5

o Reward function: The reward at each time slot is defined
by the system sum rate, which is calculated as

Kn
T[t] = Z’I‘(mk).

k=1

(6)

To decide the action, we apply the deep determinis-
tic policy gradient algorithm to train the agent, which in-
cludes four neural networks: main and target actor networks

w(s|6*) and p’ (s|9”/)), and main and target critic networks

Q(s,al0%) and Q’(s,a\@Q,)), where 6%, 0%, 02, 69" are the
corresponding networks parameters [10]. The agent observes
the environment’s state and decides the action using the main
actor network, which parameters are trained by the policy
gradient:

B
Z (an(57 Q‘QQ) |s=si,a=u(sq;)v9“:u(5i ‘GM)) ’

i=1
)
where B and s; denote the size and the state in sample
i of the training sample batch, respectively. The the main
critic network parameters are updated by minimizing the loss
function given as

1
V();LJ = E

B
1 2
— = L Cq.1p@
L= ;1 (yi — Q(si,a:[09))", (8)
where y; = r; +vQ’ (sé,u’(sﬂ@“l)wq), v € [0, 1] denotes
the discount factor, a;, 5; and r; are action, next state, and

reward in sample ¢ of the sample batch. The parameters of
target networks are calculated according to a soft update:

0" To" + (1- 7)9“/,

, , ©))
09 + 709 4+ (1 —1)0%,
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Fig. 2: Training convergence.

where 7 denotes the soft update coefficient. In addition, the
training process explores the samples via additional noise to
the actor policy as follows:

alt] = p(s[t]]0") + OUlt], (10)

where OU(t) follows the Ornstein-Uhlenbeck process. The
action determined from the neural network can be scale to a
specific value range by activation function. Due to constraint
(3c), we scale the range of action to the interval [0,1], the
decided transmit power is then calculated as

(11

where pinxy € [0,1] is determined from the main actor
network. Furthermore, to satisfy the constraint (3b), we apply
the softmax function to the resource allocation variables, the
decided resource allocation can be expressed as

1%7uk) = P(n.k) Prmaz,(uk)>

6f‘n
Dien el

where £ = {f,,,n € N'}. Consequently, Algorithm 1 depicts
the proposed algorithm, which runs over the E episodes.
In each interactive step, the agent observe the environment
state s[t], determines the action by using the main actor
network as in (10). Then, the transmit power and resource
allocation variables are calculated according to (11) and (12)
to satisfy the problem constraints. Accordingly, the agent
performs decided variables and get the reward and the next
state. The environment state is then updated for the next
interaction. Besides, a tuple of experience is put into a buffer
after each interaction for preparing samples for the training
process, where the neural networks’ parameters are updated.
Finally, the trained main actor network is obtain to interact
with the environment.

1), = softmax(f),, = (12)

IV. PERFORMANCE EVALUATION

In this section, we simulate a scenario including 5 ships,
each containing 40 IoTDs, to evaluate the proposed framework
performance, the HAP serves a range of 500 (meters) radius
at an altitude of 20 (Km). The other parameters are set as:
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Fig. 3: Performance evaluation results.

ho —30 (dBm), o« = 2, 02 = —174 (dBm/Hz). The
communication bandwidth varies from 5 to 30 MHz, the
maximum transmit power of each IoTD is in the range between
2 (dBm) and 22 (dBm). Furthermore, we define a random
scheme to compare the performance of the proposed algorithm.

The random scheme is defined as

o Random scheme (RS): Instead of using the actor network,
this scheme chooses the action randomly.

First, we analyze the convergence of the proposed algo-
rithm, where the neural networks are built with two hidden
layers, with the number of nodes in the first and second layers
being 512 and 256, respectively. The other parameters are set
as: actor learning rate = 0.001, critic learning rate = 0.01,
v =0.99, 7 = 0.1, B = 16, buffer size = 50000. We train
the model for 500 episodes, each has 100 steps, the training
result is shown in Fig. 2. The model converges after about 300
episodes, where its reward is stable after this point and hits a
value of 6.82 x 10°.

Next, we evaluate the system’s performance with the varia-
tion of environmental parameters, the results are illustrated in
Fig. 3. As shown in Fig. 3a, the system sum rate increases with
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the rise in bandwidth, where it gains about four times when
expanding bandwidth from 5 (MHz) to 30 (MHz). In Fig. 3b,
we illustrate the change in system sum rate when increasing
the maximum transmit power of IoTDs from 2 (dBm) to
22 (dBm). As a result, the system sum rate rises when the
transmit power increases, rising by about 39 (Mbits/s) as the
power gains by 4 (dBm). Besides, the proposed scheme’s
performance consistently outperforms the RS in both results.

V. CONCLUSION

This study considered a maritime IoT network scenario,
where a HAP hovers in the sky and serves IoTDs in sailing
ships. Here, we investigated multiple access that combines the
FDMA and NOMA techniques to assist uplink communica-
tion. In such a system, we formulated a problem of maximizing
the system sum rate by optimizing the communication resource
allocation at HAP and the transmit power of IoTDs. To resolve
the problem, we proposed a DRL framework that applied the
deep deterministic policy gradient algorithm. The simulation
results analyzed the proposed algorithm’s convergence and
performance with different environmental parameters.
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Abstract—In this paper, several deep learning models are
created to assess fish’s appetite. Several works that had been
done before are also explained within. A 2D-CNN model and a
3D-CNN-RNN model were built for this experiment. Both models
can accurately determine the fish’s appetite based on the given
labels, i.e. with 99.34% and 97.83% accuracy respectively. In
terms of functionality attainment, the 2D-CNN model performs
better than the other model.

I. INTRODUCTION

Sustainable Development Goals (SGD) are one of the
biggest concerns for human beings, and one of these goals
is to realize zero hunger [1]. Humans need food as one of
their primary needs, which is essential to achieving living sus-
tainability. However, these recent decades have been showing
us that without an effort to control the food production and
consumption rate, the food itself will eventually run out, thus
leading to a Malthusian Catastrophe [2]. This control can be
manifested in lots of different disciplines, and maritime is one
of them (regarding fish and other seafood).

In 2021, the global fish consumption rate increased by 1%
compared to 2018-2020. Furthermore, it has been estimated
that in 2030, the consumption rate will increase by 11% [3].
However, the food production rate does not compete with it.
The food production rate grows in a more fluctuating manner
with many external factors influencing it.

The two main contributors to the fish production rate are
wild capture and aquaculture. Among these two, aquaculture
is the one that can be exploited thoroughly without causing
environmental problems if done the right way. Still, there often
are flaws in its operation, mostly caused by the conventional
method being used, thus lessening its efficiency.

In aquaculture, the feed usually takes about 60%-70% to
the total budget [3], while 60% of the given feed actually gets
wasted. Facing this problem, lots of ideas using technology
have been developed and implemented to decrease the pro-
duction cost without much altering the growth of the fish.

This paper discusses the development of the implementa-
tion of Artificial Intelligence methods to solve fish feeding
problems using deep learning analysis.
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II. PRELIMINARIES
A. Fundamental Concepts

1) Fish’s Appetite Indicator: Lots of aspects can be as-
sessed to determine the fish’s appetite, prior to and during
the feeding. This was documented based on observations and
several interviews at lotic aquaculture tilapia ponds in West
Java, Indonesia.

Prior to the feeding, the fish’s hunger can actually be seen
through their gathering behavior. In an intensive aquaculture
system, fish will gather around the feeding spot at the usual
feeding time. Also, the water quality often represents the fish’s
appetite quite well. For example, in a low level of dissolved
oxygen (DO), fish usually tends not to eat. During the feeding,
the absence of rapid movement from the fish (including jumps
and splashes) reflects that the process should be ended.

2) Conventional Aquaculture: In tilapia ponds located in
West Java, most fish farmers use sole intuition to determine
everything, i.e. the feeding dose, time, water quality param-
eters, etc, thus increasing the feed waste upon feeding. They
use their experiences to determine the fish’s appetite and water
quality using bare hands.

Recent emerging technologies are definitely able to fix these
conventional ways of aquaculture. Automation can deliver
accurate measurements to control feeding doses. Furthermore,
the utilization of Artificial Intelligence (AI) and Internet of
Things (IoT) are suitable to decide feeding time and decisions.

B. Previous Works

Previous works on this topic mainly talk over feeding
control using modified actuators and Al

Chang, et al. (2005) [4] built a nonabsolute time-based eel-
feeding controller using IR sensors. The main idea of this
system is that the eel’s body can reflect IR waves. In an inten-
sive aquaculture pond, the flocking behavior of the eels will
present during the usual feeding time, thus alarming the sensor
regarding the appetite of the eels. This method, according to
the claims, performs well in an intensive recirculating system
with environmental parameters adjusted. However, the usage
of photoelectric sensors only provides feedback regarding the
fish’s flocking behavior, which might not be sufficient to assess
fish appetite without control over environmental parameters.
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Zhao et al. (2017) [5] developed a computer vision to
assess fish’s appetite based on their spontaneous behavior upon
stimulus. The system was built specifically for Recirculating
Aquaculture Systems (RAS), where every environmental pa-
rameter is controlled so that the water will not get turbid. A
camera is placed above the pond to detect the fish’s movement
and location. The spontaneous movement of the fish upon
stimulus will be indicated as a high appetite condition. The
limitation of this system lies in its reliance on the color feature.

Subakti et al. (2017) [6] used an accelerometer to measure
the water surface’s motion during the feeding time. The water
surface’s motion tends to be fluctuating during feeding due to
the flocking and splashing behavior of the fish. This method
is effective for conventional ponds since the water’s turbidity
will not bother the sensor’s reliability. Nevertheless, in an open
aquaculture system, the water surface’s motion sometimes
does not represent the flocking behavior of the fish, e.g. rain,
harsh wind, etc.

Hu et al. (2022) [7] also developed a computer vision-
based feeding system to detect the water surface motion to
assess fish’s appetite. This system can be applied to larger
ponds. The result of this research shows the reliability of deep
learning applications in aquaculture, especially using videos as
its input. That being said, the author is interested in the usage
of different types of deep learning methods for aquaculture.
Additionally, the experiment takes place in a smaller-scale
aquaculture system to verify the method’s versatility.

III. PROPOSED METHOD

The proposed method utilizes a few deep learning models
using images and videos (sequences of images) as its input.
Videos are taken at the feeding spots to describe the fish’s ap-
petite by assessing the fish’s movement and gathering behavior
upon feeding. The setup illustration is given in Fig. 1. For the
experiment, a medium-sized aquarium (50 cm x 30 cm x 25
cm) is used, containing 60 fish (nile tilapta). A set of filter
is installed inside the aquarium to assure the water quality so
that the fish can survive.

Fig. 1. Proposed Method Setup
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A. Data Acquisition

The data are taken manually using a smartphone. Videos
are taken and parsed into several images. The videos are also
parsed into shorter videos (creating a different kind of dataset),
with each containing 20 frames. The parsed images and videos
then are cropped and rescaled into a specific dimension.

The data is divided into 2 classes (binary: high and low
appetite), and several procedures are held in order to obtain
the desired data. The high appetite data are taken during
the feeding process right after the fish are starved for more
than 8 hours. The low appetite data are shot subsequent to
the feeding. The low appetite data are also taken when no
significant activity occurs inside the aquarium to introduce
more variance.

B. Deep Learning Method

There are 2 different models that are used in this experiment,
i.e. a standard 2-dimensional Convolutional Neural Network
(CNN) model (see Fig. 2) and a 3-dimensional Convolutional-
Recurrent Neural Network (CNN-RNN) model (see Fig. 3).
As the name suggests, each model uses a different type of
data for its input (images and videos). The two models are
compared to each other to determine the best model in terms
of performance in the experiment.

Fig. 2. 2-Dimensional CNN Architecture

Fig. 3. 3-Dimensional CNN-RNN Architecture

A convolutional neural network layer can be described as
a layer that processes a value inside a pixel and the values
adjacent to that pixel with a set of values inside an operator
(often called a kernel), thus gaining a specific feature from that
pixel based on the kernel values, as shown in Fig. 4. At the end
of this operation, an activation function is applied to the output
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Fig. 4. A 2-Dimensional CNN Illustration

to introduce nonlinearity. This algorithm can be expanded in
higher dimension problems (3, 4, and so on), simply by adding
another degree of freedom to its input and kernel.

The model that uses video as its input utilizes a 2-
dimensional algorithm to extract certain features from the im-
age. For feature extraction, a pre-trained model from Imagenet
is used. Obtained features are then fed to inference layers.
These layers utilize a gated recurrent unit (GRU) [8], a sub-
algorithm of the recurrent neural network (RNN) model. RNN
itself is a network similar to an artificial neural network that
passes the previous calculation to be considered on the next
computation.

Throughout the model development, several parameters are
tuned to give the best performance while still considering the
computational resource of the model. These parameters in-
clude layer sizes, number of filters, and activation functions. In
a certain layer, layer size represents the amount of information
that is fed into the process, the number of filters represents the
quantity of extracted features as the output of the layer, and
the activation function helps to introduce nonlinearity to the
system. On the other hand, the training parameters, such as
loss functions and learning rate, are also adjusted empirically
by means of trial and error.

IV. EXPERIMENTAL RESULTS

The first model (2-D CNN model) detailed architecture is
shown in Table 1. This model consists of 4 convolution layers,
followed by pooling layers. This model takes 1280%*720 pixel
colored images as inputs and folds them into a batch of 6
images. Training is done using 1082 images, with 419 labeled
as high appetite and the other 663 labeled as low appetite.
Finally, the model outputs an array of 2 floating points,
describing the inference result based on the value (one respects
to hungry condition, and the other one to full condition).

The data that is used in this experiment shows distinctive
differences for each condition (See Fig. 5). If the fish are
hungry, the color of the fish becomes a bit sharper because
the fish collectively tend to go upward the tank. When they
are full, the color becomes more subtle. Also, if the fish are
overfed, the remaining pellets can also be an indicator of the
fish’s appetite (Fig. 6).

Testing data are separated from the training data, containing
39+113 images from the same aquarium, showing the low
appetite and high appetite data respectively. It is used to test
the reliability of the model.

The second model (3-D CNN-RNN model), on the other
hand, uses the architecture described in Table 2. As implied in
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TABLE I
DETAILED 2-D CNN ARCHITECTURE

Function Input Dimension | Output Dimension
Input Layer 1280%720%*3 1280%720%*3
Rescaling 1280%720%*3 1280%720%*3
Conv2Dy 1280%720%*3 1276%716%32
Max Pooling; 1276%716%32 425%238%32
Conv2Do 425%238%32 423%236%32
Max Poolingo 423%236%32 141%78%32
Conv2D3 141%78%32 139%76%32
Max Poolings 139%76%32 46%25%32
Conv2Dy 46%25%32 44%23%3)
Global Average Pooling 44%23%32 32
Output Layer 32 2

Architecture used: 4 layer of convolutions with average pooling and
softmax classification function. Using 20 epoches on training

TABLE I
DETAILED 3-D CNN-RNN ARCHITECTURE

Function Input Dimension | Output Dimension
Resize and Rescale 20*1280%720*3 20*200%2000*3
Imagenet InceptionV3 | 20*200*2000%3 20%2048
GRU; 20%2048 20%16
GRU» 20%16 8
Dropout 8 8
Dense 8 2

Architecture used: Feature extractor using Imagenet InceptionV3 model,
followed by 2 layers of GRU and a classification layer. Using 20
epoches on training

Fig. 5. Sample Training Data (left) Actively Feeding (right) Full

Section III.A, this model’s input videos are the same data used
for the 2D-CNN model, but packed as sequences of frame per
data. This way, the value of the information that is fed to the
model persists, while the number of data decreases a lot (only
165 video data remain). The masking method is also used so
that videos with less than 20 frames can still be included in
the training and testing procedure.

Fig. 7 and 8 show the training result. In terms of training
loss, the 2D-CNN model converges a lot faster than the 3D-
CNN-RNN model. This most likely happens because there are
a lot more extracted features gained from the InceptionV3,



Fig. 6. Sample Training Data (Highly Overfed Condition)

TABLE III
TESTING RESULT
Model 2D-CNN | 3D-CNN-RNN
Parameters 30,242 99.882
Training Data Count 1082 165
Testing Data Count 152 46
Loss 0.0146 0.1068
Accuracy 0.9934 0.9783

thus dramatically increasing the model’s complexity. As for
the training accuracy, there seems not to be any significant
difference between the two.

The final testing result of each model as well as other
essential information is summarized in Table 3. Similar to the
training result, the testing result shows that the two models
do not differ significantly in terms of loss and accuracy. The
number of parameters used in the 3D-CNN-RNN model is
way higher than the 2D-CNN model since the InceptionV3
layer is pre-trained, and thus, the latter performs well in terms
of attainment of the desired functionality. It is still not evident
enough, however, to say that the 2D-CNN model is better than
the 3D-CNN model in a more general condition. It is notable
that the 3D-CNN-RNN model data count is way lower than
the 2D-CNN model. This means that with fewer number of
inference, the 3D-CNN-RNN model is still able to catch up
with the other model.

V. CONCLUSION

From the progress mentioned, there are several conclusions
to be taken:

1) The proposed 2D-CNN and 3D-CNN-RNN model can
successfully determine the fish’s appetite based on the
given label with 99.34% and 97.83% testing accuracy
respectively

In terms of functionality, the 2D-CNN model excels
better than the 3D-CNN-RNN model since it achieves
the training target (¢.e. high accuracy) with much less
parameters and the same value of information.

2)

42

(1]

(2]

[3]

[4]

(5]

(6]

0.7 T T T
—@— 2D-CNN Model
0.6 —@— 3D-CNN-RNN Model
0.5
2
S 041
o0
=
£
£ 03
=]
0.2
0.1
0 1 1 L 1 L
0 5 10 15 20
Number of Epoches
Fig. 7. Models’ Training Loss
1 T T T
0.9 T
=
£
£ 08F b
=
=
£
=
2
T 0.7+ .
=
E
B
=)
0.6 q
—@— 2D-CNN Model
—@— 3D-CNN-RNN Model
05 1 1 1
0 5 10 15 20
Number of Epoches

Fig. 8. Models’ Training Accuracy

REFERENCES

United Nations, The 2030 Agenda and the Sustainable Development
Goals: An opportunity for Latin America and the Caribbean (LC/G.2681-
P/Rev.3), Santiago, 2018.
Ramya, R., Babu, C. C.,, Akshay, P. (2020). Population Backfire:
Hindsight to  Malthusian  Catastrophe. ~ Shanlax  International
Journal of Arts, Science and Humanities, 8(1), 121-126.
https://doi.org/10.34293/sijash.v8i1.3248

Organization for Economic Co-operation and Development. and Food and
Agriculture Organization of the United Nations., OECD-FAO Agricultural
Outlook 2021-2030. 2021.

Chang, C. M., Fang, W, Jao, R. C., Shyu, C. Z, Liao, I. C.
(2005). Development of an intelligent feeding controller for indoor
intensive culturing of eel. Aquacultural Engineering, 32(2), 343-353.
https://doi.org/10.1016/j.aquaeng.2004.07.004

Zhao, J., Bao, W. J., Zhang, F. D, Ye, Z. Y., Liu, Y., Shen, M. W., Zhu, S.
M. (2017). Assessing appetite of the swimming fish based on spontaneous
collective behaviors in a recirculating aquaculture system. Aquacultural
Engineering, 78, 196-204. https://doi.org/10.1016/j.aquaeng.2017.07.008
Subakti, A., Khotimah, Z. F., Darozat, F. M. (2017). Preliminary study of
acceleration based sensor to record nile tilapia (Oreochromis niloticus)



feeding behavior at water surface. Journal of Physics: Conference Series,
795(1). https://doi.org/10.1088/1742-6596/795/1/012060

[71 Hu, W. C., Chen, L. B., Huang, B. K., Lin, H. M. (2022). A Computer

Vision-Based Intelligent Fish Feeding System Using Deep Learning
Techniques for Aquaculture. IEEE Sensors Journal, 22(7), 7185-7194.
https://doi.org/10.1109/JSEN.2022.3151777

[8] Cho, K., van Merrienboer, B., Gulcehre, C., Bahdanau, D., Bougares,

43

(91

F., Schwenk, H., Bengio, Y. (2014). Learning Phrase Representa-
tions using RNN Encoder-Decoder for Statistical Machine Translation.
http://arxiv.org/abs/1406.1078

Li, D, Wang, Z., Wu, S., Miao, Z., Du, L, Duan, Y.
(2020). Automatic recognition methods of fish feeding behavior in
aquaculture: A review. In Aquaculture (Vol. 528). Elsevier B.V.
https://doi.org/10.1016/j.aquaculture.2020.735508



Machine Learning based Newly Built Ship Fuel

Consumption Estimation

Kihun Shin Dongkeun Jeon Yunju Baek
School of Computer Science and Engin School of Computer Science and Engin School of Computer Science and Engin
eering eering eering

Pusan National University
Busan, Korea
skh2929209@pusan.ac.kr

Abstract— This paper proposes a machine learning-based a
pproach to predict ship fuel consumption based on various ope
rational factors, which is essential for shipping companies to op
timize their operations, reduce costs, and minimize their enviro
nmental impact. The ship fuel consumption estimation research
paper presents a novel approach to accurately predict fuel con
sumption in the maritime industry. By utilizing data obtained f
rom actual sea trials, the study develops a practical and effectiv
e model tailored to individual vessels. The paper explores vario
us methodologies, such as machine learning algorithms and tra
ditional analytical models, and compares their performance usi
ng evaluation metrics. By comparing the performance of differ
ent machine learning models, the study demonstrates the super
iority of the Extra Tree model, achieving MSE values of 0.7986
for HFO_PORT and 0.1264 for MDO+LSMGO on the dataset.
These results can be utilized to design fuel-efficient routes and
optimize ship operations, leading to significant cost savings and
emissions reductions.

Keywords—Ship Fuel Consumption, Machine Learning, Dat
a Analysis, Maritime Industry

[. INTRODUCTION

The maritime industry is responsible for transporting appr
oximately 80% of the world's goods, making it a critical com
ponent of global commerce However, shipping is also a signi
ficant source of greenhouse gas emissions, accounting for aro
und 3% of global CO; emissions [1,2]. In addition, Ship fuel
consumption accounts for about three-quarters of the cost use
d in operations. Accurate prediction of ship fuel consumption

is crucial for optimizing ship operations and reducing costs a

nd emissions. In recent years, Machine Learning (ML) has e
merged as a powerful tool for analyzing large datasets and id
entifying patterns and relationships between different parame
ters [3].

The topic of environmental protection and energy manage
ment related to fuel is related to regulation. Recently, a syste
m that enables the development of sensor technology and mu
Iti-source data collection has been installed, enabling fuel con
sumption analysis and prediction through data analysis [4,5].
The traditional approach for predicting fuel consumption has
been based on analytical models, which require detailed kno
wledge of the ship's characteristics and operational condition
s. However, these models often fail to capture the complex re
lationships between various factors that influence fuel consu
mption.

ML techniques can potentially provide a more accurate an
d reliable prediction by automatically learning from data. Wit
h the right training data and suitable model selection, ML-bas
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Busan, Korea
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ed prediction methods often yield more accurate predictions t
han data analysis. This is particularly the case with large or c
omplex datasets [6]. And ML algorithms are designed to han
dle high-dimensional data and can automatically capture com
plex patterns and interactions between variables [7]. Statistic
al methods often require manual parameter tuning and can be
labor-intensive to scale. However, ML models can be trained
automatically, which makes them scalable for large dataset.

Therefore, we propose a ML-based approach for ship fuel
consumption prediction. Using data extracted from actual se
a trials, we identify the correlations between various variable
s and employ dimensionality reduction techniques to create a
highly accurate model. Subsequently, we compare the fuel co
nsumption prediction accuracy across multiple models. Propo
sed system is studies actual multidimensional test data of Shi
pbuilding and analyzes data related to fuel consumption. The
rest of this paper is organized as follows: Section II provides
an overview of dataset and describes the data preprocessing p
rocess and fuel co; Section IV presents the results and discuss
ion; and Section V concludes the paper.

II. PROPOSED ESTIMATION METHOD

A. Dataset

The newly built vessel will be tested at sea for several day
s before being awarded. It is tested by driving at sea, such as
speed using GPS, engine unmanned tests, steering tests, adjus
tment performance tests, and main engine start tests. Through
sea trials, data such as operating time, fuel consumption, ext
ernal environment, vessel condition, and engine performance
is collected in monitoring and control systems such as Alarm
Monitoring System (AMS), Integrated Automation System
(IAR), and Voyage Data Recorder (VDR) during operation.
To predict fuel consumption during voyage planning or while
sailing, only input variables that can be adjusted on the actua
1 vessel or that have an impact should be selected.

The dataset is measured data obtained through sea trials
after the ship was built. The ship underwent several days of
operational tests at sea to check whether the main engine and
related systems meet various domestic and international
regulations under actual operating conditions. This data comes
from that process. It contains information about external
environmental factors, fuel conditions, and the status of the
ship, all stored on a time basis.

To establish criteria for this, a variable selection method
was adopted through expert advice and statistical validation.
The selection method is as follows.
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Fig. 1. Example of “WIND RELATIVE DIRECTION’ data.

Fig. 2. Data ‘:)ransformation using radians vector based on the
correlation between difference two data sets.

1) Based on the expertise of maritime navigation profess
ionals, key variables related to fuel consumption were select
ed. Then, considering the variable data on ship energy effici
ency measurements published by the United States Maritime
Administration, designated variables were chosen.

2) To analyze fuel consumption, data preprocessing was
performed by removing missing and outlier values and modi
fying data that did not conform to statistical techniques. Dat
a selection was then performed through statistical validation,
using Pearson correlation coefficients to confirm related ind
icators of fuel consumption data and scatter plots to confirm
the relationship between each data.

3) The data includes operating time, information on vari
ous fuels, sea information as an external environmental facto
r, vessel condition and situation information, vessel speed, d
irection, current, trim, list, and engine status, as shown in Ta
ble 1. The data was collected during sea trials from 2021/06
/22 08:13:22' to "2021/06/26 13:04:08' by the vessel's sensor
s at a frequency of 1Hz. The total number of data is 363,048
x 29 with 29 labeling categories.

B. Preprosessing

Missing values in data analysis can distort the characterist
ics of the actual data and reduce the accuracy of prediction re
sults. Therefore, data is transformed to cleanse the values. To

detect data anomalies, a time series plot was first created to v
isually inspect the data, and the mean, standard deviation, mi
nimum, and maximum values of the entire dataset were exam
ined to determine the presence of outliers.

In Fig. 1, an investigation was conducted on values that ¢
ould not possibly exist. “WIND_RELATIVE DIRECTION’
and ‘SHIP_COURSE’ are represented as values between 0 an
d 360, which indicate direction. Values that do not adhere to t
his range are considered outliers. Such data can degrade the p
erformance of the model when used as input. Therefore, ‘WI
ND_TRUE_SPEED’ and ‘SPEED _BY_GPS’ were transform
ed using radian vectors.Additionally, “WIND_TRUE_SPEE
D’ and ‘WIND RELATIVE DIRECTION’ were converted i
nto an easily interpretable form as radian vector values ‘Wx’
and ‘Wy’. Similarly, ‘SPEED _BY_GPS’ and ‘SHIP_COUR
SE’ were also applied and transformed into ‘Sx” and ‘Sy’, res
pectively. Through Fig. 2, we can see that the data has been t
ransformed into a format that is easier for the model to under
stand. In (a), we can see that the data is skewed to one side. A
transformation has been applied to evenly distribute the data
between the two features. After the transformation, we can co
nfirm from the graph that the distribution has become more u
niform. This allows for more accurate model training. Simila
rly, in (b), the distribution of values between the two features
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Fig. 3. Heatmap representing the correlation between all features.

has been changed through a transformation. This also has the
same effect.

C. Feature Selection

The goal is to derive the final data by selecting variables
to be used in the prediction model through the analysis and in
vestigation of fuel consumption based on the correlation with
the actual ship fuel consumption values, using statistical gra
phs. A total of 3 stages of analysis were conducted, including

Correlation heatmap, Histogram, and Skewness, through whi
ch the data was refined.

In The closer the correlation coefficient is to 1, the strong
er the positive linear relationship between the two features, m
eaning they exhibit similar trends. Conversely, the closer it is
to -1, the stronger the negative linear relationship, indicating
they show opposing trends and that the two features cannot b
e combined. This was utilized to merge the features. In Fig. 3,
it was observed that ‘HFO_TK PORT’ and ‘HFO_SERV T
K _PORT’ have an inverse relationship, and ‘LSMGO_STOR
_TK PORT’ and ‘MDO_STOR_TK_ PORT’ also exhibit an
inverse relationship. Furthermore, ‘FWD_DRAFT 1’ and ‘A
FT_DRAFT 2’ were found to be similar, and subsequent eng
ine-related values showed strong correlation and similarity in
the data.

Fig. 4 show that in fuel values such as ‘FWD HFO TK1’,
‘FWD_HFO _TK2’, ‘HFO_SETT TK STBD’, ‘HFO_ SER
V_TK STBD’, ‘MDO_SERV_TK PORT’, and ‘LSHFO_T
K _STBD?’, it was observed that they have very small fluctuat
ions. Additionally, values such as ‘DRAFT’, ‘SHART SPEE
D’, ‘RPM_HIGH’, and ‘LOAD’ appeared to have similar qu
antities and shapes. Therefore, they were replaced with their r
espective mean values ('mean_ FWD_Draft', 'mean_ AFT Dra
ft', 'mean_ShaftSpeed', 'mean RPM_High', 'mean_Load'). Su
bsequently, through the analysis of skewness, the data with th
e highest skewness value was identified, and it was confirme
d that there would be no issues when applying it to the model.

In order to extract the most similar data to fuel consumpti
on among various fuels, a study on fuels was conducted. The
fuels used in this experiment are HFO (Heavy Fuel Oil), MD
O (Marine Diesel Oil), LSMGO (Low Sulfur Marine Gas Oi
1), and LSHFO (Low Sulfur HFO).



Fwo_iFo Tk

HFO_SETT_TK STBD

l

MOO_SERY_TK_PORT

FWD_HFO_TKZ HFO_TE_PORT

|,’_“ |

 LSMGQ_STOR_TX_PORT

HFO_SERV_TK_PORT

T

1415 16 17 18
MDO_STGR_TX_PORT LSMGO_SERY_TK_PORT

R

FWO_DRAFT_L

'

SHIH_SPEED_I_SYBD

HFO_SERY_TK_STBO

AFT_ORAFT_2

bl

wn erED 2 som

Fig. 4. Histogram representing the distribution of all features.
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Fig. 5. Pearson correlation coefficient for each feature influenceed by
external environment.

D. Fuel Consumption Predict

To predict consumption, suitable regression models amon
g machine learning models were used. For the regression mac
hine learning model data, the train:test dataset ratio was set to
8:2 in the final dataset, and the model was trained after norm
alizing the simple average data. Among fuel values, 'HFO_P
ORT' and MDO+LSMGO' had the most significant relation
with the training label and provided the best results; thus, the
y were each trained and designated as the answer values in th
e regression model. Negative MSE was used as an evaluation
metric to analyze various regression models. For the regressi
on analysis machine learning model for consumption predicti
on, five models [Linear Regressor (LR), LASSO, ElasticNet
(EN), K Neighbors Regressor (KNN), Classification and Reg
ression Tree (CART)] were first examined. Subsequently, fo
ur ensemble models [Ada Boost Regressor (AB), GBM (Gra
dient Boosting Regressor), RF (Random Forest Regressor), E
T (Extra Tree Regressor)] were used, and after parameter tun
ing, the results were analyzed. RF and ET models were perfo
rmed with an estimator set to 10.
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III. RESULT AND DISCUSSION

A. Results of fuel consumption analysis

Based on the results of three analyses, the labels and featu
res related to fuel consumption were found out. Looking at th
e Pearson correlation coefficient according to the fuel, extern
al environment, and internal state of the ship, a larger absolut
e value implies a greater influence. Based on this, we tried to
find the factor that has the most significant impact on the fuel

and the fuel that is most influenced. First, by examining the

Pearson correlation coefficient values in Fig. 5, it was determ
ined that ' MDO' and 'LSMGO' values were the fuels most inf
luenced by external environmental factors and the ship's statu
s and engine values.

As confirmed in Fig. 5, the fuels most influenced are 'HF
O _PORT', MDO', and 'MDO~+LSMGO'. To verify this, we r
epresented it in a graph over time. In Fig. 6, 'HFO_PORT','M
DO', and MDO+LSMGO' values were found to be linear and
decreasing, confirming that they are necessary labels for pre
dicting fuel consumption values. And those features were bla
nked the red box.

The ranking is represented by the sum of the absolute val
ues of the Pearson correlation coefficient. From the top, they
can be seen as the factors that have the most influence. Fig. 7
shows the ranking of the most important features when deter
mining fuel consumption for the prediction model. The vecto
r values representing the ship's speed and direction, 'Sy' and '
Sx', are the most critical features, followed by the ship's statu
s values 'mean_ FWD Draft' and 'SHIP_TRIM'. External fact
ors 'Wy' and "Wx' were found to have relatively lower impact
S.



Fig. 8. Scatter plot for verifying linear and non-linear relationships.

Lastly, the linear and non-linear relationships were identif
ied through Fig. 8. Irregularly distributed data means that the
re is no relationship between the fuel and the elements. To co
nfirm the previous assumption, we drew a scatter plot and we
re able to support it. As a result, it was determined that the m
ost suitable label for fuel consumption prediction is 'MDO-+L
SMGO'. We identified the factor that has the most significant

impact on fuel, and based on this, we conducted an experime
nt to create a machine learning-based fuel consumption predi
ction model.

B. Results of fuel consumption prediction

After training the model selected for the comparison of m
easurement results, we calculated the error between each feat
ure's predictions. We provided the external and ship's status a
s input and outputted the predicted fuel quantity, representing
the error with the ground truth. Table 1 shows the MSE valu
es for the different ML models tested. The Extra Tree model
achieved the best performance, with the lowest MSE. This re
sult indicates that the Extra Tree model was able to capture th
e complex relationships between the various factors and accu
rately predict fuel consumption.

IV. CONCLUSION

In this paper, We found out the features that most signific
antly impact fuel consumption by utilizing data generated dur
ing sea trials for testing constructed ships and proposed a ma
chine learning-based approach to predict ship fuel consumpti
on using various operational factors. Among various factors,
the ones that have the most significant impact are 'Sx' and 'Sy
', which are 'SPEED_BY_GPS' and 'SHIP_COURSE'. This r
esult was derived through the Pearson correlation coefficient.

We compared the performance of different ML models and d
emonstrated the effectiveness of the Extra Tree model, which
achieved an MSE value of 0.7986, 0.1264 on our dataset. Th
e most appropriate features for the final fuel consumption pre
diction are 'HFO_PORT' and 'MDO+LSMGQO'. It also found
that the factors that contribute the most to fuel consumption a
re the speed of the ship and the direction of the ship. Our find
ings can be used by shipping companies to optimize their ope
rations for significant cost savings and reduced emissions. In
conclusion, this research significantly advanced the understan
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TABLE L. RESULTS OF FUEL CONSUMPTION PREDICTION

FOR EACH MODEL.

Algorithm HFO_PORT MSE | MDO+LSMGO MSE
Linear 1864.6246 164.0108
LASSO 1905.5674 175.4442
ElasticNet 2169.2923 210.5297
K-Neighbor 16.2241 1.6343
Ada Boosting 1720.2329 122.0007
Gradient Bossting 447.6449 36.7359
Random Forest 2.6006 0.2500
Extra Tree 0.7986 0.1264

ding of ship fuel consumption by identifying key operational
factors and their impact.

In future research, it would be worthwhile to conduct furt
her analysis on outliers and additional data, and to incorporat
e deep learning models for performance comparison and eval
uation. We plan to study methods for reducing the size of the
machine learning and deep learning models that have been de
veloped for implementation in the embedded systems on the
ship. Lastly, through research on real-time inference models £
or consumption prediction, we will investigate a system that
can use fuel more efficiently.
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Abstract—Water quality in fish farms is crucial for the survival
and growth of fish. This work presents the results of applying
several machine learning methods to predict water quality in a
fish farm. We used time series collected from sensors installed in
an eel farm and applied six different machine learning methods
(ARIMA, XGBoost, LightGBM, LSTM, SCINet, and DLinear)
to predict water quality. As a result, the DLinear model showed
the best prediction performance. We also investigated the feature
importance estimated during the model training.

Index Terms—machine learning, water quality prediction, time
series

I. INTRODUCTION

Smart aquaculture is an important technology that has the
potential to make aquaculture more sustainable, efficient, and
productive [1]. In a smart aquaculture system, monitoring
water quality can help reduce pollution and waste, which also
improves the quality of aquaculture products by ensuring that
fish are reared in a healthy and stress-free environment [2]—[4].
To this end, the smart aquaculture system continuously mon-
itors a number of water quality variables including dissolved
oxygen, water temperature, acidity, oxygen in air, oxidation-
reduction potential, and more.

In this manuscript, we present the results of predicting water
quality using machine learning applied to time series collected
from sensors installed in an eel farm. The time series and the
pre-processing applied to the collected data are explained in
the sections II and III respectively. Section IV presents the six
machine learning methods that we applied in this work and
their application results. A summary and future work are given
in section V.

II. DATA

We collected the time series using the AI' Hub website2,
which provides data for Al training from either national or
international institutions and companies. The data collected

! Artificial Intelligence
Zhttps://www.aihub.or.kr
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includes values measured by seven sensors installed in an
eel farm, each of which is dissolved oxygen (DO), water
temperature, acidity (pH), CO2, oxidation-reduction potential
(ORP), O in air, and light intensity. Table I shows some
examples of the data collected. The data was collected from
15 July to 28 December 2021. The total number of rows is
approximately 200,000 with a time interval of one minute.

III. DATA PREPROCESSING

As the performance of machine learning models depends
on a training set, we first examined the data to build a robust
training set. Fig. 1 shows an example of the collected time
series. The top panel is the raw data and the bottom panel is
the data after filling in the missing data point using the nearest
neighbor interpolation method. If the duration of the missing
data region is longer than one hour (e.g. the green and red
boxes in the figure), we did not use it for model training.

We normalized the data by scaling each feature to be
assigned to the range [0, 1]. Figure 2 shows the distribution
of the data after normalization.

After preprocessing the data, we examined the Pearson
correlation coefficients (r) between the seven features listed in
Table 1. The results are shown in Figure 3. The figure shows
a weak correlation between DO and ORP (r = 0.24), which
is a known characteristic of water in a tank. The correlation
coefficient between DO and O, is -0.34 (i.e. anti-correlation),
which is not an expected result because these two variables are
generally correlated. This could be due to a malfunction in the
sensor or an error in the way the data is being stored. Further
investigation, however, is beyond the scope of this work as the
eel farm where the data were measured is not accessible.

IV. RESULTS OF MACHINE LEARNING APPLICATION

To build a training set using the preprocessed data men-
tioned in the previous section, we applied a three-minute
moving average to reduce data fluctuations that could be
caused by various reasons, such as sensor failures. We then
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TABLE I
EXAMPLES OF THE COLLECTED DATA.

Date DO temperature | pH CO2 ORP | O2 in air | light intensity
(ppm) (&) (ppm) | (mV) | (ppm) (cd)
2021-07-15 19:03:00 8.8 30.3 5.28 | 160.0 14.6 5.4 4.0
2021-07-15 19:04:00 8.8 30.3 5.27 | 160.1 14.6 53 3.9
2021-07-15 19:05:00 8.8 30.4 527 | 160.3 14.5 5.3 4.0
2021-12-28 17:55:00 5.5 28.7 496 | 231.8 | 319 5.5 4.0

Fig. 1. Top: time series with missing data. Bottom: time series after filling in the missing data.

Fig. 2. Distribution of data after normalization.

split the data chronologically into ~60%, ~25%, and ~15%
subsets and used these as the training, validation, and test sets
respectively.

We then trained six machine learning models using the train-
ing and validation sets: ARIMA [5], XGBoost [6], LightGBM
[7], LSTM [8], SCINet [9], and DLinear [10]. We used six
features (i.e. temperature, pH, CO5, ORP, Oq in air and light
intensity) to predict DO. The duration of the input data was
60 minutes and the output was five minutes. We tested other
combinations of time duration for input and output data (i.e.
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60, 90, 120, and 150 minutes for input data and 5, 10, and 15
minutes for output data), and we found that a combination of
60 minutes and five minutes gave the best prediction results.

To evaluate trained models, we used mean squared error
(MSE), mean absolute percentage error (MAPE), and root
mean squared error (RMSE). Table II shows the MSE, MAPE,
and RMSE measured using the test set. As the table shows,
ARIMA has a much worse prediction performance than other
methods. This may indicate that the time series is not sta-
tionary, or that the ARIMA model is not properly optimized.



Fig. 3. Pearson correlation between the seven features.

DLinear which handles data with trend and seasonality pat-
terns shows the best performance. This is an expected result,
as DLinear is known to often outperform Transformer [11],
one of the most widely used deep learning models for time
series forecasting. LSTM performs slightly worse, but almost
as well as DLinear.

In Fig. 4, we show the feature importance of the six
input features estimated using XGBoost. Each column shows
the importance of the feature minutes before the prediction
time. The color bar shows a normalized importance score.
Higher values indicate more important features. The following
information can be inferred from the figure:

o Temperature 40 minutes prior has the strongest influence
on the prediction of DO at the present time.
Temperature, pH, and CO, about 55~60 minutes before,
temperature about one~three minutes before, and O
about two~seven minutes before show the moderate
influence.

ORP or light intensity does not show a strong influence
on DO prediction.

V. SUMMARY AND FUTURE WORK

We have introduced water quality prediction using several
machine learning methods and time series collected from
sensors installed in an eel farm. The data provide seven
features (i.e. DO, temperature, pH, COy, ORP, Oy in air
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and light intensity). Using six features as input data (i.e.
temperature, pH, CO2, ORP, O, in air, and light intensity),
we trained six machine learning models to predict DO. Among
the trained models, we found that the DLinear model showed
the best prediction performance. We also investigated the
feature importance of the six input features and found that
temperature, pH, CO-, and O5 affect the prediction results.

Based on the results mentioned in the previous sections,
we will investigate other machine learning models to improve
the prediction results. In addition to testing other models,
extensive preprocessing will be considered, such as enhanced
smoothing other than simple moving averages. We also plan
to install additional sensors to measure water quality (e.g.
turbidity). In this work, we have investigated the importance of
six features, but we have not investigated why such an effect
occurs or whether the result is physically meaningful. In future
work, we will also investigate these in more detail.

The data used in this work was collected using the Al Hub
website and is publicly available data, which is useful for
preliminary investigations for data preprocessing and machine
learning model selection. However, to apply machine learning
to water quality prediction in real-world cases, we are building
test beds for flatfish farming in several locations. The test beds
are equipped with several sensors that measure water quality
such as DO, pH, CO,, and so on. Using the data collected
from the test beds, we will develop a water quality prediction



TABLE II
PERFORMANCE OF THE SEVEN MACHINE LEARNING MODELS IN PREDICTING WATER QUALITY.

Model MSE
ARIMA 6.936
XGBoost 0.119
LightGBM | 0.113
LSTM 0.008
SCINet 0.104
DLinear 0.007

MAPE | RMSE
2.205 0.404
0.166 0.345
0.149 0.337
0.071 0.09
0.154 0.323
0.059 0.081

Fig. 4. Feature importance.

system based on machine learning and time series analysis.
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Abstract—Accurate prediction of water level fluctuations in
rivers is essential for effective planning and mitigation of potential
flood-related risks. In this study, four different Recurrent neural
networks (RNN) models were developed to predict the Han River’s
water level, based on collected data from 2020 to 2022 which was
used to train and test the proposed models. Two input
combinations were investigated to analyze and improve the
accuracy of the models. For each model + input combination, the
predicted water level values after ¢ hours (r = 0, 1, 2) were
correlated to the corresponding measured water level values and
used coefficient of determination, R2, to evaluate accuracy of
prediction of each combination of model and input. The results
showed that at 7= 0 and 7 = 1, wavelet-GRU performed best with
R? values of 0.99091 and 0.98743, respectively, while wavelet-
LSTM performed best at =2 with a value of 0.98867.

Keywords— Recurrent neural networks (RNN), wavelet-GRU,
wavelet-LSTM, Water level monitoring

I. INTRODUCTION

Floods result in substantial social and economic damage and
the loss of human lives, making them a major harm factor.
Densely populated areas situated adjacent to and downstream of
major rivers face a potential threat due to their proximity to
flooding hazards. For planning and maintaining water resource
systems as well as lowering the danger of floods, accurate river
water level estimating is crucial [1]. In addition, the nature of the
river flow process is considered nonlinear and affected by a
variety of elements, including the mantle that covers the surface
of the river basin, the way that rain falls, the topography of the
riverbed, and climatic conditions. To lessen or minimize the
effects of floods, a large number of predictive strategies that
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require a tremendous quantity of data for forecasting have been
proposed [2].

Currently, there are two common methods for predicting the
river water level. The first approach uses mathematical
simulations of the water's flow's hydrodynamic process. The
mathematical models utilized in the first approach are based on
hydraulics and hydrology principles, making it a widely-used
technique in the past [3]. These models typically demand a lot
of input data, like rainfall predictions and topography data,
which might not always be available or might be challenging to
get. The parameters may vary per region and executing the
model is time consuming which makes it hard to use for
prediction.

The second methodology for predicting river water level
involves the data-driven models and the statistical relationship
between input and output data forms the basis of these
approaches [1]. The Artificial Neural Network (ANN) model is
one of the popular data-driven models. This statistical procedure
does not require assumptions regarding the amount of data
needed for the model and the model's capacity to handle both
linear and nonlinear systems. Due to the simplicity of its model
structure, ANN model has become widely used in many fields
of research and engineering as computer science has advanced
over the past two decades. To reduce mistakes and increase the
prediction accuracy of neural network models, researchers have
used a variety of strategies, such as employing them alone or in
conjunction with process-based models. These characteristics
make the data-driven approaches possible alternatives to
conventional hydrological water level-predicting strategies.
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In recent years, there has been significant research on
deep neural network (DNN) data-based intelligent models with
multiple hidden layers, addressing some of the limitations of
traditional artificial neural network (ANN) models. However,
the temporal aspect of modelling river water level is not
considered in ANN and DNN. To tackle the issue of including
temporal effect in modelling, long short-term memory (LSTM)
and gated recurrent unit (GRU) models, which are based on
recurrent neural networks (RNN), have emerged as highly
effective in processing time series data [4]. LSTM and GRU
both have their own advantages and disadvantages. LSTM is
great with larger dataset but is slower compared to GRU. GRU,
on the other hand, can be as accurate as LSTM with a faster
processing time and less memory consumption. However, GRU
struggles with larger datasets [5].

Building Input Data
River Water 3 Dependent
Level Variable
Previous Water
Level
Measurements
Independent
> Variable
Meteorological
Data

v

Development of Water Level Models
[Training Dataset: First 67% of the Whole Data]
Training
Models

v

Wavelet-LSTM

v

LSTM

v

GRU

v

Wavelet-GRU

Evaluation of the Training Models
[ Testing Dataset: Last 23% of the Whole Data |

Graph Predicted

Predict Water > vs Measured > 2
Level Value Water Level GetR
Value

Fig. 1. General Methodology

Wavelet decomposition is a powerful method for processing
and analyzing data, particularly in hydrologic time-series
analysis [6]. It enables the examination of multi-temporal scale
structures, identification of deterministic components, noise
removal, and complexity quantification. Wavelet decomposition
technique can effectively separate the low-frequency trend
information from time series based on the fluctuation frequency,
enabling the subsequent analysis of high-frequency fluctuations
over time. Using wavelet decomposition has shown its

National Research Foundation (NRF) funded by the Korea Ministry of
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effectiveness in improving both LSTM and GRU models for
different applications [7]. Hence, we employed four models
LSTM, GRU, wavelet-GRU, and wavelet-LSTM, which is the
widely used wavelet decomposition-RNN modelling ensemble
technique for water level modelling [8], and a key objective of
this study is to integrate the advantageous features of wavelet
decomposition along with GRU, which has been used in other
applications involving time series data [9], as the modelling
technique and compare its capability in modelling water level
against wavelet-LSTM technique.

Fig. 2. Study Area

II. METHODOLOGY

The adopted methodology consists of three main tasks:
building input data, developing prediction models, and
evaluating performance as shown in Fig. 1. For the required
data, the Han River Bridge located on Han River, Seoul was
selected as the focus of our study. Initially, Hydrological
analysis was done by using QGIS software to get the catchment
area and Thiessen polygon as shown in Fig. 2. The datasets of
Han River water level and weather parameters of three closet
stations (Seoul, Suwon, and Dongducheon) were obtained from
the websites of Han River Flood Control Office (website:
https://www.hrfco.go kr/eng/eng main.do) for water level
measurements and the Korea Meteorological Administration
(website: https://data.kma.go.kr/resources/html/en/aowdp.html)
for weather data, respectively. The water level of the Han River
bridge was used as a dependent variable and the Weather
parameters including (temperature, relative humidity, pressure,
and precipitation) from relevant weather stations and the
previous water level measurements were set up as the
independent variables. The dataset was divided into two sets: a
training dataset and a testing dataset.

Around 67% of the primary dataset's data samples were used
to train the models. The training dataset then serves as the input
in the following modelling techniques: LSTM, GRU, wavelet-
LSTM, wavelet-GRU. The best setting for each model was then



used to predict the water level values at certain time periods. In
the last step, the coefficients of determination (R?) were
calculated by relating the measured water level values to the
predicted water level values based on 23% of the whole data as
testing dataset for the evaluation of developed models.

III. RESULTS

The viability of the different data-driven methods; Long-
short-term-memory (LSTM), gated recurrent unit (GRU),
wavelet-LSTM, and wavelet-GRU was investigated for water
level prediction ¢ (¢ = 0,1,2) hours after. Table 1 sums up the test
performances of the LSTM, GRU, wavelet-LSTM, and wavelet-
GRU in predicting water level at different times of prediction.
As it is clear from Table 1, R? decreases in general as any model
tries to predict water level measurement at a later time period.
The wavelet-GRU model with water level only as an input had
the highest R? value of 0.99091 when trying to predict values at
t=0. The other model + input combination also showed great fit
at the same time of prediction. This is to be expected since the
water level value being predicted is near the input values in
terms of temporal position.

TABLE 1 Fit of Predicted vs Measured Water Level Values at Different
Times of Prediction

R? of predicted vs measured
values after time 7 in hours

Methodology Input
t=0 t=1 t=2

WaterLevel 95651 094828 091312
Only

LSTM
Water Level +
Weather Data 0.98661 0.94528 0.91764
WaterLevel 99084 095763 0.92359
Only

wavelet-LSTM
Water Level +
Weather Data 0.98886 095973 0.28867
Water Level 0.98667  0.94612 0.91392
Only

GRU
Water Level +
Weather Data 0-98708 094683 091649
Water Level 0.99091 0.96110 0.92415
Only

wavelet-GRU
Water Level + 0.98806 0.98743 0.98748

Weather Data
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At ¢t = 1, the model + input combination that gave the
best fit of predicted versus measured values is wavelet-GRU
with water level and weather data as input. The said model +
input combination resulted to an R? value of 0.98743. At this
point, the effect of adding weather data showed a gradual
increase in the fit of predicted values. The effect of decomposing
the input values also showed slight increase in effect when
predicting water level values as shown by comparing the results
of LSTM and GRU models with wavelet-LSTM and wavelet-
GRU model counterparts.

More evidence of the effect of wavelet decomposition and
adding weather data in the input is shown in the results at 7 = 2.
The combination of wavelet-LSTM as modelling technique
with water level and weather data as input had predicted values
with an R? value of 0.98867. Predicting water level values after
2 hours generally showed a good fit. When using only wavelet-
LSTM or wavelet-GRU as modelling techniques or by adding
weather parameters in the input data the increase in the fit of
predicted values is only minimal. However, when performing
wavelet-LST or wavelet-GRU and adding weather parameters
as input data in predicting the water level measurements as seen
from the jump. All these observations are shown in figure 3.

B Water-Level Only

0.08 W Water Level + Weather Data
0.96
© 0.94
=
©
>
"‘_.“ 0.92
0.9
0.88
0.86
LSTM GRU wavelet-LSTM wavelet-GRU

Fig. 3. R? values of Modelling Techniques at t = 2 hours

It should be noted that one of the reasons for modelling with
wavelet decomposition to have a greater capacity to predict
values compared to the general LSTM or GRU modelling is the
capacity to model the general trend and the noise of the time
series data separately. Also having different input parameters in
the time series data, such as weather data which also affects the
water level, that have their own general trend and noise when
decomposed also helps in finding more correlation which helps
in making a more accurate predicted value.

One trend that was observed when comparing the predicted
values with the corresponding measured values is that the
models tend to underpredict as shown in the fitted graph and
histogram shown Figures 4 and 5, respectively. One of the



reasons can be the limited hyperparameters that were considered
for tuning. Another reason might be the effect of seasonality in
water level measurements.

Wavelet-GRU modelling compared to the widely used
wavelet-LSTM modelling showed greater or comparable results
in general when predicting water level measurements at
different time periods. This goes to show the capability of
wavelet-GRU modelling technique in predicting water level
measurements at the Han River bridge monitoring station.
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Fig. 4. Predicted vs Measured Water Level Value of wavelet-LSTM model
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IV. CONCLUSIONS

This study presents four recurrent neural networks long
short-term memory (LSTM), gated recurrent unit (GRU),
Wavelet-LSTM, and Wavelet-GRU models to predict the Han
River water level at Han River bridge, Seoul.

All models were explored for two input combination using
only water level and water level with weather parameters. All
models predicted the water level with satisfactory accuracy and
achieved R? values greater than 0.91 which shows good fit of the
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predicted values when compared to the measured water level
values. The wavelet-GRU modelling provided the best results
with highest value of coefficient of determination of R? =
0.9909080779 using only water level input parameter at
predicting water level value at # = 0.

The trends and observations of the predicted water level
values correlated with the measured water level values were also
presented and discussed. Wavelet-GRU modelling showed
promise and consistency in predicting water levels at different
time periods. Possible future studies that can be explored are the
following: the effectivity of the wavelet-GRU in predicting
water level at a further time, checking the effect of seasonality
in the prediction of water level, consider other hyperparameters
when building the model to mitigate underprediction, and
checking the validity of wavelet-GRU in predicting water level
values at different river monitoring stations.
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Implementation of Internet of Things for Predictive
Electromechanical Valve Monitoring System to
Enhanced Real Time Remote Observation
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Abstract—Electromechanical Valve has been used wherever
it is required for fluid flow and has to be controlled
automatically. They are being utilised more and more in a wide
range of plants and machinery. A valve may be chosen to
perfectly suit the application at hand thanks to the range of
possible designs. With respect to this advancement of technology
regarding electromechanical valves, this paper will portray the
most recent commonly produced solutions and technologies on
electromechanical valve monitoring systems to determine the
conditions of the electromechanical valve that can avoid any coil
failures, identify any degradation or issues with the valve and its
parts and fix them before the valve fails. Electromechanical
valve monitoring is crucial to ensuring that the machinery is
operating as efficiently as possible. This study reviews and
presents proposed experimental works of electromechanical
valve monitoring systems. It is widely used in many major and
high revenue industries, from agriculture to the dynamic &
technology advancement automotive manufacturing, and it
plays a crucial role in keeping businesses running smoothly. An
effective EMV monitoring solution is intended to enable large
plantation sites, real-time analysis, and the provision of online
monitoring systems based on IOT deployment, especially for the
strategic area at the oil and gas industry
Electrical  coil,

Keywords—Electromechanical  valve,

Monitoring system, , Rotork

L INTRODUCTION

This Electromechanical valves are electromechanical
devices that are controlled by electricity and are used to
regulate the flow or direction of liquids or gas. Electrical
energy is converted into mechanical motion or mechanical
energy via an electromechanical valve [9]. An
electromechanical valve is made up of two parts: a solenoid (a
copper-insulated coil) and a valve body. The plunger
(armature or core), seal, spring, orifice, shade ring, intake port,
and outlet port are the other important components of the
electromechanical valve that work together to function as a
whole. In engineering practice, an electromechanical valve is
an electric component that uses electric current to produce the
strength of the magnetic field that can regulate fluid. These
components are used to turn off, unload, dose, distribute, or
mix fluids. This is performed by delivering an electric current
via a coiled wire, creating a magnetic field, and therefore
altering the position of a plunger. The location of the plunger
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governs the passage of the working fluid (s) [1] EMVs are
essential parts among many technologies. Their appeal stems
mostly from their basic and durable design, as well as their
low cost. Electromechanical valves are utilized in a variety of
products, including vehicles, household systems, and
industrial machines. A liquid electromechanical valve
regulates the flow of a liquid medium, whereas a pneumatic
electromechanical valve controls the movement of air in a
circuit. Electromechanical valves are frequently used for a

purpose.
II.

In simpler terms, an electromechanical device
regulate the flow of fluid by changing the position of the
valve when an electric current is passed through a solenoid
coil. A magnetic field is created by passing an electric current
through the coil and pulls the orifice upward, opening the
plunger. This is the fundamental principle that allows
solenoid valves to open and close [15].

To understand the technical flow of the
electromechanical valve model more, Figure 2 depicts
simplified schematic views of the valve's closed and open
positions. The valve is kept closed in the absence of solenoid
excitation by the return spring (Fig. 1(a)). When a DC voltage
is applied to the solenoid, the resulting magnetic force
displaces the moving part against the return spring, causing
the valve to open (Fig. 1(b)) and a flow cross section to
develop through an orifice.

WORKING PRINCIPAL

Valve
output

Valve
output

Orifice

Atmosphere Pressure
supply

Atmosphere Pressure
supply

(@ (b)

Figure 1. (a) & (b) [15] : Working Principle of Electromechanical Valve
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II1.

Experimental works for electromechanical valve
parameter characterizations can provide invaluable insights
into the optimal operation of components. This can include
detailed cross-validation studies to map out behaviors that are
often invisible in ordinary tests or simulations. Taking the
time to research these parameters and to lay down the
boundaries around them can help engineers make more
reliable decisions about how their electromechanical valves
will react in real application, allowing them to maximize
performance and reliability. Knowing these parameters can
also allow for cost reduction efforts when developing systems
containing electromechanical valve components, as well as
improved maintenance practices due to a better understanding
of expected performance.

RESULTS AND DISCUSSION

A. Measured Performance Criteria

The coil resistance can play a significant role in
understanding the aging condition of electromagnetic coil or
coil failure in Electromechanical Valve. When the
Electromechanical Valves do fail, a significant change in the
measured current and resistance is expected. From the data
findings, a suitable threshold can be established as follow
which can used to predict the coil failure of Electromechanical
Valve:-

e Control Condition: The current and resistance of the
coil was observed to be the baseline.

e Shorting condition: The current value is increased
while the resistance is decreased.

e Opverheating condition: The current value is decreased
while the resistance is increased.

B. Control Condition
The In the normal control condition, the
Electromechanical Valve (EMV) coil resistance and

temperature was observed to be the baseline of the
electromechanical valve as per figure below:-

Figure 2. EMV Control Condition Parameter Behavior

C. Shorting Condition

The Electromechanical Valve (EMV) current value
increased from its control condition 0.031 A to 0.055 A when
there was water in the SOV. The changes of resistance value
is vice versa as per table below:-

57

Figure 3. EMV Shorting Condition Parameter Behavior

D. Overheating Condition

The current value was decreased from 0.031A (control
condition) to 0.029A when the coil at high surrounding
ambient temperature. The changes of resistance value is vice
versa as per table below:-

Figure 4. EMV Overheating Condition Parameter Behavior

E. Predictive Electromechanical Valve (EMV) Remote
Monitoring System

In depth research of the EMV monitoring system shows
that it has been implemented in many applications with a
functional method. Further approach in the EMV monitoring
system relies on the working principles and conditions of the
EMV. Hence, it is significant to understand the type of
monitoring system used to monitor the device. Based on the
research, most monitoring solutions are using a traditional
method to determine the condition and behavior of the EMV.

The proposed predictive EMV Remote Monitoring
System configuration as per block diagram below for holistic
illustration: -

EMV Hardware Layer Application Layer
¢ a7,
> ﬁ\ ‘Y  Clovd Dotabose |
< [ Sriermerar | !
i
A i |w|
e g Conrote | aaA ‘
N AR Ay ]
: | Dashboard | ew—ms
et e  Fower Raopier | Mobile App
N | Montoing Device |

Figure 5. Proposed Configuration for Predictive EMV Remote Monitoring
System



A. Predictive Electromechanical Valve (EMV) Remote
Monitoring System

IoT platform for predictive  monitoring of
electromechanical valve offers convenience for organizations
and businesses. This technology platform delivers dashboard
and app-based notifications that allow users to remotely
access their devices no matter the location. Users receive real-
time updates on their valves’ performance, helping them
anticipate possible malfunctions before they occur. The
dashboard also contains customizable analytics on the
temperature, resistance, current, and healthiness so industry
can obtain additional insights into their systems. Predictive
analytics from IoT technology can improve productivity and
reduce operational costs by preventing unexpected outages
caused by unwanted malfunctions. Figure xx shown below are
the proposed Predictive Monitoring for EMV.

Dashboard

. @
Shorting ‘ o

20000

Figure 6. Proposed IoT Platform for Predictive Monitoring of EMV

V.

The reason behind this paper is to emphasize the methods
of monitoring the conditions of an Electromechanical Valve
(EMV). Researchers that are engaged in electromechanical
valve monitoring systems may find this review paper to be
very beneficial. Reliability Testing Procedures, DCS/Safety
SVM, Fault Detection Method, Diagnostic System, and
Dynamic Model are a few techniques for keeping an eye on
the electromechanical valve's condition.

CONCLUSION

In conclusion, electromechanical valves are an essential
component for many industries. With the ability to precisely
control flow of a wide variety of fluids, electromechanical
valves are versatile and can provide a great deal of value
creation across many applications. Beyond that,
electromechanical valves offer safety advantages as they can
be programmed to operate in predictive manners, perhaps
taking over when manual operation would pose too much of a
risk. The reliability and accuracy they bring forth makes
electromechanical valves a long-term benefit to industry
worldwide.
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Abstract—BPSec in a bundle of Bundle Protocol version 7
provides a variety of ways to ensure data integrity and
confidentiality during bundle transactions. Due to the
complexity of the organization of BPSec elements within a
bundle, processing bundles possessing BPSec elements can be
complicated, and caution must be taken as the scope of block
security expands. This paper presents a potential analysis model
of complex BPSec elements in a BPv7 bundle to concisely
understand the configuration and relationship between the
security block and its target block at a DTN destination node.
This will enable dedicated software to handle those BPSec
elements efficiently and more deterministic way.

Keywords—BPv7, bundle protocol, BPSec, BIB, BCB, DTN

I. INTRODUCTION

BPSec (Bundle Protocol Security)[1-2] in a BPv7
bundle[3] is a security extension for the Delay-Tolerant
Networking (DTN) technology, which is designed to provide
communication in situations where end-to-end network
connectivity is not always possible, such as in remote or
challenging environments. BPSec provides security services
for DTN bundles, which are the basic unit of data transmission
in DTN networks. These security services include data
integrity, confidentiality, and authentication, which are
essential for secure communication in DTN networks
including space/air, vehicular and maritime networks. BPSec
adds security blocks to DTN bundles, which contain
information about the security services used to protect the
bundle. These blocks can be used to verify the authenticity of
the sender, ensure the integrity of the data, and provide
confidentiality of the bundle contents.

While applying integrity and confidentiality mechanisms
to bundles in the BPv7 standard using BPSec, the process of
constructing the security block along with its target block can
become complex and vulnerable to malicious manipulation.
Therefore, it is important to quickly and safely understand the
structure of the received security blocks in a bundle to address
any potential software issues. The purpose of this paper is to
propose a practical and intuitively implementable cyclic run-
through model for investigating and processing the complex
relationship between BPSec integrity and confidentiality
security blocks and their respective target blocks. This model
is designed to provide a clear understanding of how to handle
these elements at a DTN node to which the BPSec elements
are finally destined.

II. NOTABLE RELATIONSHIP BETWEEN SECURITY BLOCK AND
TARGET BLOCK

To further understand BPSec elements, it is important to
note that they consist of a security block, including the BIB
(bundle integrity block) and BCB (bundle confidentiality
block), and their respective target block, which may include
an extension block, primary block, or payload block.
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BIB and BCB have different roles and responsibilities with
regard to providing and handling the necessary functions of
bundle’s security capabilities in DTN networks.

Care must be taken when composing and combining
BPSec elements. Similarly, equal caution must be applied to
understanding the structure of received BPSec elements, as
their complexity may cause software to misunderstand their
precedence or waste processing time unnecessarily, and to
react a falsely configured BPSec elements as a privileged.

For efficient processing of BPSec elements in BPv7
bundles, a concise and simple understanding model is required.

A. BIB and target block

Some notable points that should be considered when a
receiving DTN node encounters BIB blocks and its target
block can be summarized as follows:

e BIB can have multiple security target blocks with the
same security context and configuration. This
mechanism is called "Target Multiplicity." However,
there is no predetermined position between BIB with
target multiplicity and its target block except primary
block (Block #0) and payload block (Block #1). In
other words, BIB block(s) can appear at any position
in a bundle, so there is no guarantee of completeness
in processing BIB block(s) with target multiplicity
until all primary, extension, and payload blocks have
been identified and checked to determine whether
they are the target block(s) of the BIB.

B. BCB and target block

Some notable points that should be considered when a
receiving DTN node encounters BCB blocks and its target
block can be summarized as follows:

e Every target block of BCB should have the highest
priority for handling over other BIB or extension
blocks, as a target block of BCB needs to be decrypted
first before any other block can be processed.
Otherwise, the bundle block processing engine may
not be able to recognize the contents of the block-type-
specific data of the encrypted target block, leading to
assertion errors or unnecessary removal of parts or all
of the received bundle.

e Primary block (Block #0) cannot be a target block of
BCB.

C. BIB and BCB

There is no requirement for a specific position of locating
BIB or BCB in a BPv7 bundle. For example, BIB (#3) can
appear before BCB (#2). The forced positional rule is only
applied to the primary block and payload block; the primary
block (Block #0) must appear first in a bundle, and the payload
block (Block #1) must be located at the end of the bundle.
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III. EFFICIENT UNDERSTANDING BPSEC ELEMENTS IN A
BUNDLE

Although BPv7 and BPSec documents in [1-4] provide
rules and precautions for configuring BCB and BIB, it is
important to locate a short and concise path for effective
processing BPSec elements in a BPv7 bundle, especially for
embedded software that processes bundles with relatively
limited computing power. This is particularly critical when a
DTN engine encounters high-bandwidth DTN transactions
and bundles that are heavily protected by BPSec, which can
affect most components of a bundle.

An efficient way to investigate BPSec elements in a
bundle can be broken down into several steps. Investigating
BPSec elements in a bundle involves establishing a clear
structural relationship between the security block and its target
block and actually means creating a ‘building-block' that can
be referenced when finding the shortest path. This can reduce
the software processing burden and complexity.

A. Populating building-block of BPSec elements

The actual processing of the BPSec elements in a security
bundle cannot start until all bundle blocks are received and
recognized. This is because the logical and positional
relationship between the security blocks and their target
blocks can only be known when all bundle blocks are
identified. By populating the building blocks of BPSec
elements, the following relationships can be identified, and an
appropriate relationship model can be recorded:

e  Block number (#) and block type.
e Ifitisa security block, a list of its target block(s).

e These building blocks should be arranged in the
following sequence: Primary block - BCBs (if any) -
BIBs (if any) - extension blocks (if any) - payload
block. This ensures that out-of-order BPSec elements
in a bundle are formalized in the expected order and
can be treated as deterministic way[4].

I suggest that the populated building-blocks for received
BPSec elements should resemble the structure shown in
Figure 1.

Primary Extension BIB Extension BCB Extension Payload
Block(#0) | Block(#2) (#4) Block (#5) (#3) Block(#6) | Block(#1)
(a) initial structure of received bundle with BPSec elements

R
#5
M ) ( w2 Y #m HY( w3 HY( #w )
[ ]
Payload Extension Primary
Block Block BIB BCB Block

(b) after populating building-block of BPSec elements

Fig. 1. Populating building-block for BPSec elements

B. Cyclic run-through the building-block

After populating the building blocks for an entire received
bundle, which may consist of multiple security blocks, it is
suggested to perform a cyclic run-through (CRT) search for
processing the building blocks. This helps to minimize the
path and effort required for bundle security processing and
simplify logical consideration during making decision as a
result of the security processing. As shown in (b) of Fig. 1, the
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CRT search starts from the primary block at the rightmost side
and proceeds to the payload block at the leftmost side.

It is desirable to process the BCB first because an
encrypted bundle block needs to be decrypted into plain text
so a bundle processing engine can recognize the structure and
contents of the block-type-specific data in any extension or
payload block.

Fig. 2 illustrates a proposed CRT search model, which is
designed for use in limited processing environments, such as
embedded computing. It should be noted that there may be
more flexible ways to perform this search under different
computing conditions and approaching ways.

receiving Bundle block

Ee>

Y

save temporarily

all extension blocks except P/L block are used to
populate a building-block

process Primary block

targets exist? process a target
. Y
BCBs exist? —— process a BCB
decrypt target block
(Extension block, BIBs or P/L)
N
. Y
targets exist? process a target
Y
BIBs exist? ) process a BIB

N verify target block
(primary block, extension blocks or P/L block)

no cipher-text or unverified block allowed

process Extension block

I

deliver P/L data

Fig. 2. Proposed sequence diagram of CRT model

IV. CONCLUSION

This CRT model for understanding and processing BPSec
elements in a BPv7 bundle has been tested using the KARI’s
in-house development software of DTN, i3DTN. Full
compliance has been checked against examples of bundle
security use cases shown in [2]. Further work is needed to
perform interoperability  tests with  other DTN
implementations that support BPSec functionality.
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Abstract—Confidential information is shared not only in the
enterprise environment but also in the personal environment,
and the file sharing method is used the most. A number of
stakeholders use the file encryption method most often to
maintain confidentiality in order to share important
information, but there is a disadvantage that confidentiality is
not maintained if the encryption key is exposed. In this study,
we propose a secret file sharing methodology that allows
multiple users to share important information while
maintaining confidentiality. The proposed methodology has the
advantage of minimizing the leakage of confidentiality when the
encryption key is leaked. In addition, in order to verify the
effectiveness of the proposed methodology, it was empirically
implemented and unit functions were checked. However, since
this study is at the level of a shared model, additional research
is needed to develop it into a service or solution level.

Keywords—Secret  files, Important
management, Cryptography, Access Control

Documents, Key

[. INTRODUCTION

In an enterprise environment, critical information is used
and shared with stakeholders. This share should be kept
confidential by allowing only limited access [1]. Various
methods are used for this purpose, but each has its own
advantages and disadvantages. If the symmetric key method
is used, confidentiality is not maintained when the key is
exposed. In addition, if an asymmetric key algorithm is used,
only limited stakeholders can access it, but a PKI for
information sharing must be established.

In this study, we propose a secret file sharing methodology
that uses symmetric keys but allows access only to multiple
stakeholders. In addition, it is empirically implemented to
verify the effectiveness of the proposed methodology.

II. RELATED WORKS

A. File Sharing Requirements

In an enterprise environment, a web service or SNS is used
as a platform for information exchange. A basic information
exchange method is file transfer. However, this method is bad
for maintaining confidentiality. In the process of transferring
the file, unauthorized persons can access it. If the file to be
delivered is lost, malicious attackers can exploit it.

In particular, a file may need to be shared by multiple
users. Only authorized users should be able to access the file,
and a method to block access by unauthorized users is needed.

B. Encryption Alogorithm for Protect Confidentiality

The most effective way to ensure the confidentiality of
information recorded in files is encryption [2]. When the
encryption algorithm is applied to the information to be
protected, the information is converted to cipher text, which is
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unknown until decryption. The encryption method is divided
into a symmetric key method and an asymmetric key method,
and the strengths and weaknesses of each are shown in Table
1[3].

TABLEL ENCRYPTION ALGORITHM FEATUER
Type Strengths Weaknesses

high speed

Symmetric ) ) Key

Key Simple  cipher management

Algorithm application burden
structure
High  security Low

Asymmetric strength performance

Key

Algorithm High application PKI required for
power cipher apply

For such an enterprise environment, a symmetric key or
asymmetric key method can be used to share a secret file with
multiple users. If the symmetric key method is used,
construction can be easy, but there is a disadvantage that
confidentiality cannot be maintained if the encryption key is
exposed. Conversely, in order to use the asymmetric key
method, a PKI must first be established, which has the
disadvantage of high cost compared to functionality.

C. Secret File Sharing Requirements

In order for multiple users to share the secret file, the
following requirements must be satisfied.

* For a simple structure, a symmetric key algorithm is used.
This ensures fast encryption.

* Only authorized users should be able to access the secret
file. Access by unauthorized users is blocked.

* Each user uses an individual crypto key, and the crypto key
is not shared. Even if one crypto key is exposed, the secret
file is protected.

III. SECRET FILE SHARING METHODOLOGY

A. Cripto Key Manage Model

Figure 1 shows the method for multiple users to share the
secret file proposed in this study.

The secret file is encrypted with the document crypto key.
Only one key is enforced per secret file. This document crypto
key is again encrypted with the user crypto key. By applying
this structure, each user crypto key can be used to access the
secret file. If an unauthorized user accesses the secret file,
plain text cannot be verified because it is encrypted.
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User #1 User #2 . User #n
Crypto Key Crypto Key Crypto Key
Documents Documents e Documents
Crypto Key Crypto Key Crypto Key

Secret File

Fig. 1. Secret file sharing structure for multi-users

If the user crypto key is exposed, the confidentiality of the
secret file can be maintained by removing the enforcement of
the key.

B. Implements

The effectiveness of the secret file sharing methodology
proposed in this study needs to be verified. For this purpose, I
actually implemented it and checked the following unit
functions.

* Operation of the secret file encryption/decryption function
using the document crypto key

* Operation of the document crypto key encryption function
using the user crypto key

* Check to allow authorized users to access the secret file
(Open)

* Check secret file access rejection of unauthorized persons

As a result of checking each unit function, it was
confirmed that the entire function operated normally.
Therefore, the secret file sharing methodology proposed in
this study satisfies the four requirements.
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IV. CONCLUSTION

The frequency of using files containing important
information continues to increase not only in enterprise
environments but also in personal environments. In addition,
the scope of stakeholders continues to change. For this
environment, this study proposed a secret file sharing
methodology that only a large number of users can access, and
verified its effectiveness through empirical implementation.

However, since this study only proposed a methodology
that allows multiple stakeholders to share a secret file using a
symmetric key encryption algorithm, additional research is
needed to expand to service ice or solutions by applying
business processes.
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Abstract—This article addresses the growing need for im-
proved maritime training in the pursuit of sustainable operations
and cost reduction within the maritime industry. As a fundamen-
tal pillar of the maritime industry, mooring training is of utmost
importance due to its significance in both ensuring the safety of
operations and its overall importance in maritime activities. By
integrating immersive technologies such as VR, AR and MR, we
can enhance mooring training, fostering a safer and more efficient
learning environment that accelerates knowledge acquisition. In
this article, we present a novel VR scenario that combines
practical training and assessment for mooring operations. Within
a secure and controlled environment, our VR scenario provides
comprehensive instruction on mooring equipment, ropes, and
essential shore-side mooring zones. Through interactive simu-
lations featuring bollards, capstans, and other vital elements,
we provide a comprehensive and immersive training experience.
Our approach aims to enhance safety, efficiency, and knowledge
acquisition in mooring operations.

Index Terms—virtual reality, maritime safety, mooring train-
ing, mooring operations

I. INTRODUCTION

Mooring operations are a vital part of maritime industries,
ensuring the safe and efficient berthing and anchoring of
vessels. Although the maritime industry has a fairly good
safety record, maritime accidents could lead to devastating
consequences, due to human factors or equipment errors [1],
[2]. Although various automation systems and high level
equipment are being developed to make maritime operations
safer and more sustainable, mooring operations will require
people for the foreseeable future [2], [3]. As such, mooring
training is critical for various personnel involved in maritime
operations.
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Traditionally, this training is conducted through a com-
bination of classroom instruction, on-the-job training, and
simulation-based training. In classroom training, trainees are
taught the basics of mooring operations, safety procedures,
and the types of equipment used, as well as different types
of mooring lines, winches, and the forces acting on a moored
ship. They are also taught about the dangers of mooring and
safety precautions they should take during mooring operations.
On-the-job training is the practical part of the training where
the trainees get hands-on experience under the supervision
of experienced crew members. They learn how to handle
the equipment and how to communicate effectively during
mooring operations. Although on-the-job training is extremely
useful, it is critical to eliminate all potential risks with training
activities for new trainees. Simulation-based training is a
relatively recent training method that can address the risk
factor of on-the-job training by first introducing the trainees
to the environment via virtual reality, where they can practice
the mooring techniques they learned in theory in a safe
and controlled setting [4]. This type of training can be very
effective as it allows the trainees to gain experience without
the risk of injury or damage to the equipment. We can use
simulators to replicate different scenarios, weather conditions,
and emergencies that may not be feasible or too dangerous to
experience in real life.

Emerging immersive technologies, such as virtual real-
ity (VR), augmented reality (AR) and mixed reality (MR)
have created new possibilities for maritime simulators and
simulation-based experiences for training and operations [4]—
[9]. VR, AR and MR have been considered by training
organizations as a technology that can significantly improve
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seafarer’s performance and competency [4]. These training
methods are also relatively cheaper, more immersive than
theoretical training without the added risk, more compact and
accessible in comparison to traditional methods [5], [6], [8],

[9].
II. METHODOLOGY

A. VR System and Tools

In the developed VR-based mooring operations training
program, we are using a high-powered computer that can
handle VR applications, the HTC Vive Pro head-mounted
display, 4 HTC Vive base stations for motion capture within a
room, and Unity software for VR scenario creation. With this
setup, the following interaction methods are supported.

¢ Click: Users can utilize HTC controllers to interact with
the environment.

Eye-Gaze: Users can trigger responses or access more
information by focusing their gaze on specific objects or
areas.

Under-the-eye: Users are provided with detailed instruc-
tions or prompts related to certain objects or actions
within the environment.

Movement inside a zone: Users are able to physically
move within designated zones within the environment.
The zone setup is 3 meters by 3 meters.

B. Environment Design

Our VR design includes two modes; Practice and Assess-
ment. The Practice mode is designed as a sort of tutorial
in which the users can get used to the VR environment
and practice the movements allowed within the design. The
Assessment mode is where the user will be doing the full
mooring operation without the limits put in during Practice
mode. Further details for the two modes are provided below.

1) Practice mode: In this mode, the user will perform three
exercises;

o Teleporting (movement within the confines of the envi-
ronment)

« Pulling of ropes onto bollards

e Use of capstan

a) Teleporting: Teleportation is segmented into 3 zones.
The user can walk around and interact with objects within
each zone. The user will use the Eye-Gaze feature to teleport
from zone to zone. To complete this exercise, the user must
teleport to all 3 target locations. After the exercise, a pop-up
window will be shown to either Retry or Exit this exercise.

b) Pulling of ropes onto bollards: In this exercise, the
user will learn how to use the controllers (left, right) to interact
with the ropes and bollard. A monkey fist will be thrown by
the ship crew, the user can interact with the monkey fist via
pulling the heaving line, mooring the rope, and securing the
mooring rope on the bollards. To complete this exercise, the
user must secure 2 mooring ropes over the bollard. An excerpt
from the scene is shown in Figure 1. After the exercise, a pop-
up window will be shown to either Retry or Exit this exercise.
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c) Use of capstan: In this exercise, the user will learn
how to operate the capstan. The user will connect the mes-
senger rope to one end of the heaving line, and loop the other
end over the capstan and start drawing the messenger line.
The user will trigger the buttons on the ground to start/stop
capstan. To complete this exercise, the user must secure 2
mooring ropes over the hook of the capstan. An excerpt of
this scene is shown in Figure 2. After the exercise, a pop-up
window will be shown to either Retry or Exit this exercise.

2) Assessment mode: In this mode, the user will be doing
the full mooring procedure. The mooring configuration is 3-2-
2. Mooring is done at the bow of the ship. The setting for this
mode is fine weather during the day with no rain and wind.

For this mode, the user will begin in the office VR environ-
ment. A pop-up will inform them that a ship will be arriving
for mooring, and they will have to put on their Personal
Protective Equipment. Once done, a pop-up will inform the
user that they have successfully equipped themselves and are
ready to exit the office and proceed to the jetty. At the jetty,
the ship will arrive and the user will follow the mooring
configuration 3-2-2.

a) Mooring configuration at the spring line bollard is 2:
In the first zone, monkey fist is thrown down by the crew. The
user must use both controllers to hold the monkey fist and pull
the heaving line. The user must pull the heaving line until the
first spring line is within reach. Once the spring line is within
reach, the user will grab the first spring line rope eye and
place it over the bollard using the controller. Then, the user
will secure the heaving line onto the railing nearby by holding
the heaving line with the controller and walking to the railing.
After hanging the heaving line on to the railing, the user will
untie the heaving line from the first spring line by clicking
on the knot between the heaving line and the mooring rope.
Second spring line will be released. The user then can start
to pull the heaving line until the second spring line is within
reach. Then, the user can grab the second spring line rope
eye and place it over the bollard. The user will then untie the
heaving line from the second spring line and take the heaving
line from the railing. After this, the user will move to the
next target destination (breast line platform/breasting dolphin)
using teleport.

b) Mooring configuration at the breast line is 2: Moving
on to the second zone, the breast line platform/breasting
dolphin, the user will bring the heaving line near one end of
the messenger line and release the grip to attack the heaving
line to the messenger line. The user will then pick up the other
end of the messenger line using the controllers and loop over
the capstan. Once done, the ship crew will begin drawing the
heaving line until the messenger line reaches the ship deck.
The ship crew will release the messenger line together with
the first breast line. The user will trigger the buttons on the
ground to start the capstan to draw the messenger line. Once
the first breast line is within reach, the user will trigger the
buttons on the ground or move away from the capstan front to
stop the capstan front rotating. The user can then grab the first
breast line and place it over to the capstan hook. The user will



Fig. 1. VR Practice mode - Bollard exercise

Fig. 2. VR Practice mode - Capstan exercise

Fig. 3. VR Assessment mode - Screenshot from assessment while running capstan
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untie the messenger line from the first breast line and re-loop
the messenger line on the capstan. Once done, the ship crew
will begin drawing the messenger line until it reaches the ship
deck. The ship crew will release the messenger line tied to
the second breast line. The user will trigger the buttons on the
ground to start the capstan to draw the messenger line. Once
the second breast line is within reach, the user will trigger
the buttons on the ground or move away from the capstan to
stop the capstan and grab the second breast line and place it
over to the capstan hook. The user will untie the messenger
line from the second breast line. After this, the user will pick
up the messenger line and move to the next target destination
(stern line platform/stern mooring dolphin) using teleport.

¢) Mooring configuration at the stern line is 3: Finally,
when the user arrives at the stern line platform/stern mooring
dolphin, the ship crew will start to release the messenger line
tied to the first stern line. Still holding on to the other end
of the messenger line, the user will loop over the capstan.
Then, the user will trigger the buttons on the ground to start
the capstan and capstan will start to draw the messenger line.
Once the first stern line is within reach, the user will trigger the
buttons on the ground or move away from the capstan to stop
the capstan. The user will grab the first stern line and place it
over to the first capstan hook and untie the messenger line from
the first stern line. The user will re-loop the messenger line on
the capstan. Once done, the ship crew will then begin drawing
the messenger line until it reaches the ship deck. The ship crew
will release the messenger line tied to the second stern line.
The user will pick up the other end of the messenger line using
the controllers and loop over the capstan. The user will start
the capstan to draw the messenger line. Once the second stern
line is within reach, the user will stop the capstan and grab
the second mooring rope and place it over to the first capstan
hook. The user will untie the messenger line from the second
stern line and re-loop the messenger line on the capstan. Once
done, the ship crew will then begin drawing the messenger
line until it reaches the ship deck. The ship crew will release
the messenger line tied to the third stern line. The user will
pick up the other end of the messenger line and loop over the
capstan. The user then starts the capstan to draw the messenger
line. Once the third stern line is within reach, the user will stop
the capstan and grab the third stern line and place it over to
another capstan hook. The user will untie the messenger line
from the third mooring rope. All lines must be heaved up and
tensioned by the ship and the user must stand behind the snap
back zone during the process of tensioning. After this, the
mooring procedure will be complete, and a pop-up window
will be shown to either Retry or Exit this Assessment.

C. Conclusion and Future Direction

By embracing the power of VR technology, our Mooring
VR application offers a transformative solution to enhance
maritime safety in mooring operations. Through an immersive
and realistic training experience, the trainees can effectively
learn and familiarize themselves with the intricacies of the
mooring process in a safe, controlled, and interchangeable
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environment. This will ultimately reduce the occurrence of
accidents due to human factors and improve overall safety.
With the deployment of this innovative training solution, we
aim to significantly improve the way mooring operators are
prepared for their critical roles in the maritime industry.
In our ongoing efforts for system enhancement, we plan
to incorporate additional diverse mooring configurations and
environmental conditions to enhance the functionality and
practicality of the system. We also intend to integrate mixed
reality capabilities, leveraging physical elements such as real-
ropes and haptic technologies, such as robotic hands or haptic
gloves, to enrich the training experience. These technologies
have the potential to enhance realism and tactile feedback,
offering trainees a more immersive and engaging environment
for practicing mooring operations.
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Abstract—The fuzz testing has been considered as an
indispensable test-generation tool to identify system
vulnerabilities in software security. The testing method utilizes
automated directed randomness to travel a variety of execution
paths in the systems. The generation of fuzzing data in the fuzz
testing has been studied in the wide range of literature, but the
identifying abnormal states of the systems after the exposing
their defects is analogous for the test to determine whether the
testing results are successful or not. In this work, we have been
designed a fuzzing response assessment architecture for the
vulnerability identification testing on CPS(Cyber Physical
Systems) of the smart ships.

Keywords—fuzz testing, cyber physical systems, security
vulnerability assessments.

[. INTRODUCTION

The cyber-physical system has been refered the systems
where software and hardware components are seamlessly
integrated to conduct well defined tasks, generally.
Increasingly, the forementioned operations are highly
automated and distributed amongst multiple agents. The fuzz
testing technique has been explored to identify the defects of
the system by generating and inputting mutated data. The
testing disciplines are fundamental security requirements for
the CPS to maintain sound status before the deployment in the
fields[1].

The generating the fuzzing data has been developed as an
autonomous identification of security vulnerabilities in the
system. However, the process of the determining the security
vulnerabilities from the target systems after injecting the
mutated fuzzing data is still analogous for testers to perform.
That is, the responses or feedbacks from the system after the
processing of the autonomously generated fuzzing data should
be analyzed by the testers in order to determine if the fuzzing
data cause the fault or crash of the systems. Consequently, the
purpose of the fuzz testing is to autonomously cause the
abnormal states of the target system, but the final
determination of the result from the fuzzing data is still left to
human resources.

This work proposes a design to relieve the problem of
analogous determining the system states or responses by
clustering input data to the system and output data from the
system before performing the fuzz testing. Our system has
been combined with supervised A.l.(Artificial Intelligence)
algorithms to classify the input data by the output data. In
addition to the classification, our system also adopts the
unsupervised A.L. algorithm to find the similarities between
the mutated fuzzing data and input data. By exploring those
two autonomous algorithms, we would be able to predict the
system responses from the fuzzing data, then the identification
of defects in the system could be revealed as a vulnerability to
be fixed.
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II. DESIGN OF THE RESPONSE ASSESSMENT BASED FUZZ
TESTING ARCHITECTURE

A. Architecture for Response Assessment based Fuzz
Testing on Cyber Physical Systems

The Fig. 1. shows the design of response assessment based
fuzz testing architecture to overcome the limits on the current
testing structure.

Fig. 1. Response Assessment for Fuzz Testing

An existing fuzz testing architecture is composed with 3
parts, capturing data, generating fuzzing data and inserting the
fuzzing data to the target systems. As forementioned in the
introduction, since the final determination of the successful
fuzz testing is still left to testers, our testing model adopts the
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response assessment parts to overcome the problem of
analogous process beyond the autonomous analysis.

B. Advantages of the Response Assessment based Fuzz
Testing

This design explores two A.l. models, supervised and
unsupervised algorithms, to build fully automated fuzz testing
to identify vulnerabilities of the target systems. The
supervised algorithm to learn the classification of input data
by output data before injecting the fuzzing data, and the
clustering algorithm, unsupervised learning model, groups the
mutated fuzzing data with input data by the similarity between
them in order to predict the states of the systems after
processing the fuzzing data. Consequently, the fuzz testing is
fully automated from the generating fuzzing data to identify
the system states.

III. CONCLUSION

Due to the nature of the cyber physical systems, the
identification of vulnerabilities on the system before the
deployment is one of the crucial processes in the
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developments. Even though the purpose of the fuzz testing is
automated vulnerability assessment of the target system, the
final process of determining the response from the system by
processing the fuzzing data has been analogous for testers to
analyze. However, this work proposes a novel method to
augment the existing fuzz testing for fully automated security
tool.
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Abstract—The AIS information classifies ships as fishing into fishing boats (ship code 30), passenger ships (code 60),
boats, passenger ships, cargo ships, or oil tankers. Container cargo ships (code 70), or oil tankers (code 80), etc. Although
ships, bulk carriers, general cargo ships, or vehicle carriers are  container ships, bulk ships, general cargo ships, or vehicle
all cargo ships in the AIS code. However, the type of ship is  carriers are all cargo ships in the AIS code. However, it is
closely related to the maneuverability of the ships, and the obvious that the type of ship is closely related to the
maneuverability, —acceleration, course stability, steering  apeyverability of the ship. Generally speaking, different
performance, and stopping distance of different ship types are types of ships have different maneuverability, such as
significantly different. Therefore, in the application of maritime acceleration, course stability, steering performance, and

supervision, it becomes an important task to correctly classify stopping distance. For example, the maneuverability of
and identify these unknown types of ships. This paper develops container ships is' enerally be tte’r than that of bulk ships
a ship-type classification model by using Machine learning Therefore ig theg subseyuent application of maritirrilé
algorithms based on AIS data. Applied to the Changhua wind supervisi(;n the crew oquessel p”ll)"rafﬁc Service (VTS)

farm channel, the experimental test shows that extracting the . . .
static and dynamic behavior characteristics of ships can operators must grasp in advance to predict the behavior of

improve the performance of the classifier, and the accuracy rate ShlpS. mn a conﬁned _qu busy area [4]. Therefore,.correctly
reaches 97%. The proposed method can solve the problem of classifying and identifying these ships becomes an important
insufficient types of ships in AIS information and can be used as task.

characteristic data for subsequent ship navigation anomaly
detection. At the same time, the test results also detected
abnormal types of ships, showing cases of fishing boats disguised
as bulk ships.

Traditional maritime navigation supervision primarily
relied on charts and radars and was judged by the operator’s
long-duty experience. The development and innovation of
artificial intelligence technologies, such as machine learning

Keywords—Ship-type ~ classification, AIS data, Machine ~ and deep learning methods, provide advanced tools for AIS

learning, Random forest data mining and information extraction. The use of artificial
intelligence algorithms to extract potential maritime traffic
I. INTRODUCTION features from AIS data has become an important research

topic for the development of maritime surveillance systems.
At present, some studies have achieved certain results by
extracting ship features and combining machine learning
methods for ship classification. As a preliminary study of
maritime surveillance, ship type recognition can be used to
identify ship types, provide more detailed ship classification
information, and play a vital role in promoting the application
of marine surveillance.

With the development of the global economy, the number
of ships and the volume of transportation is increasing rapidly.
The risk of maritime traffic is increasing significantly,
especially in busy and complex waters. Serious marine traffic
accidents often cause loss of life and irreparable economic loss.
Therefore, improving the efficiency of maritime traffic
management and supervision has become an important
research topic.

In recent years, ship AIS spatiotemporal data have been The purpose Of thlS_TGSCaTCh 1s to apply A.IS data t.o
widely used in the exploration of maritime traffic devplop ship class1ﬁcatloq technolpgy, whhlch. 1s a basic
characteristics, analysis of ship behavior and anomaly prOJ.ect .for abnormal Fl@tectlon of ship behavior in the smart
detection, maritime safety, maritime situational awareness, ~ havigation safety maritime surveillance system.
maritime rescue, marine pollution, ship supervision, and other
fields [1]. The status of ships at sea can be easily identified
based on instant AIS information. It can also extract ship The existing ship type recognition research is mainly
navigation features from historical data, construct maritime divided into two types according to the adopted data types:
traffic models or ship behavior models, and be used as one is based on image data, such as ship photos taken in ports,
important information for maritime supervision and abnormal aerial or satellite images, and the other is based on information
behavior detection [2]. However, unusual and erroneous such as speed and heading of AIS data. The image-based ship-
information is often hidden in the bulk of AIS records. In  type recognition method [5, 6, 7] mainly uses unsupervised
particular, some vessels cheat detection by deliberately learning convolutional neural networks (CNN) to identify the
turning off transponders, falsifying position data, or  basic features of ship images. However, optical sensors cannot
intentionally transmitting falsified identification data, such as be used at night or in bad weather conditions, and the image-
ship type, to conduct illegal operations or even illegal  based ship-type recognition system loses its function.
exploration [3]. It is often difficult to find out the true type or
identity of certain ships in historical databases, which not only
presents challenges for maritime surveillance but also
interferes with further data mining and subsequent analysis. In
addition, the existing AIS information only classifies ships

II. RELATED WORK

One of the features extracting procedures of ship
classification methods based on AIS data is to convert the AIS
spatiotemporal data of ship trajectories into graphic data and
use graphic recognition algorithms to train the ship type
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recognition system [8, 9, 10]. Yang et al. (2022) [10] used AIS
data to generate ship trajectory images, including static,
standard navigation, and maneuvering states. Use
convolutional neural network (CNN) to identify 8 types of
ships (that are fishing boats, tugboats, sailing boats, leisure
boats, passenger ships, cargo ships, crude oil/oil product ships,
and others) from ship track images and the corresponding ship
type codes in AIS data are 30, 31, 36, 37, 60, 70, 80, and 90),
and obtaining an accuracy rate of 87.5%.

Another feature extraction procedure for ship
classification methods based on AIS data is to directly extract
the geometric features of ship shape and the motion features
of ship behavior from AIS static and dynamic data without
converting them into graphic data. And then use the features
as learning data for the ship classification model [1, 2, 4, 11,
12, 13]. Wang et al. (2021) [12] used the original AIS static
message to contain five fields, A, B, C, D, and draft, as well
as the ship type code, to extract the length, width, draft, and
geometric features of the ship, such as length and width Static
features such as ratio, perimeter, area, etc., where A, B, C, and
D are the distances from the reporting reference point O to the
bow, stern, port, and starboard of the ship, respectively. Five
types of ships, passenger ships, tugboats, oil tankers, fishing
boats, and cargo ships, were identified by applying the random
forest method with an accuracy rate of 86.14%. The results
show that static trajectories and ship shape characteristics may
be similar between certain types of ships, such as cargo ships
and cruise ships. Only extracting static features is not enough
to construct a classification model capable of distinguishing
five types of ships. The static and dynamic information of AIS
data should be combined to improve the performance of ship-
type classification. Yan et al. (2022) [1] used space-borne AIS
data, which has the advantages of wide coverage, long
tracking time, and rich ship types, to extract static features and
dynamic behavior features and analyze and extract them. In
addition to the length, width, and draft of the ship, static
features refer to the geometric features proposed by Lang et al.
(2018) [13], such as naive perimeter, naive area, aspect ratio,
and shape complex. Dynamic behavior features include ship
position, voyage distance, ship speed, and other feature
quantities. Based on these two types of features, the random
forest model machine learning algorithm is used for five types
of ships, including cargo ships, oil tankers, fishing boats,
passenger ships, and tugboats, with an accuracy rate of 92.7%.
The model test results show that the accuracy rate is obviously
improved by combining geometric features and dynamic
behavior features.

Compared with the method of converting AIS ship
trajectory spatiotemporal data into graphic data, it is simpler,
faster, and more efficient to directly extract geometric features
and motion behavior features from AIS data and is suitable for
real-time aviation safety supervision systems. Baeg &
Hammond (2023) [4] proposed a ship classification method
for AIS data in Danish waters to solve the problem of missing
and tampering ship type information in AIS data. Static and
dynamic features (ship geometry, motion features, and time
features) were extracted from AIS data, the features of the
Danish water’s geographical region were integrated, and the
ink features of the sketch recognition design were proposed to
represent the ship trajectory type. There are a total of 39
features. Various classification algorithms, such as random
forests and decision trees, are used for performance
comparison. The results and discussion show that Random
Forest outperforms other classifiers in classifying AIS data.
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The classification accuracy of the four ship types can reach
84.05%. In particular, the accuracies of fishing boats and
passenger boats were 0.951 and 0.946, respectively,
confirming very high results. However, the practical features
that distinguish cargo ships from oil tankers need to be further
explored.

The above review and analysis show that the current
research is mainly to solve the problem of missing and
tampering ship type information in AIS data. The ship-type
classification method aims to confirm the classification of AIS
ship-type codes. However, the cargo ships that also belong to
the AIS ship type code 70 include bulk carriers, container
ships, and general cargo ships, and the ship type code 80
includes crude oil tankers and oil product tankers. The
differences in maneuverability of various types of ships
significantly affect the navigation behavior of ships. Before
the development of the ship navigation safety supervision
system, there was an urgent need to develop ship-type
identification methods for bulk ships, container ships, general
cargo ships, crude oil tankers, or oil product tankers.

III. DATA ANALYSIS

3.1 Changhua Wind Farm Channel

The Changhua wind farm channel was officially
implemented in October 2021, as shown in Fig. 1. Traffic
separation system is adopted, according to International
Regulations for Preventing Collisions at Sea (COLREGS),
which consists of a southbound traffic lane, a northbound
traffic lane, a separation zone, and buffer zones on both sides.
The width of the northbound and southbound channels is 2
NM.

Changhua Offshore is a vital water area connecting
Kaohsiung Port with Taipei and Keelung Ports. It is also an
international shipping route connecting Northeast Asia to
Southeast Asia. Many ships pass through this area, and the
traffic is very heavy. Fig. 2 shows the maritime traffic density
map before and after the implementation of the Changhua
wind farm channel. Before the implementation of the channel,
the ship tracks spread widely, and the southbound and
northbound tracks overlapped. After the channel
implementation, the ship tracks concentrated in the
southbound and northbound channels, respectively. On
average, there are at least 150 ships passing through this
channel every day, and most of the ships can sail in
compliance with the regulations of the channel.

Changhua wind farm channel

Maritime and Port Bureau, MOTC.
Fig. 1 The Changhua wind farm channel



Fig. 2 Traffic density before and after wind farm channel execution
3.2 Data Processing

The AIS data used in this study are provided by the
Maritime and Port Bureau, MOTC. The amount of AIS
historical records is nearly 10 billion for the period year 2022,
which is equivalent to 2TB of massive data. And we extract
the AIS trajectory of the cargo ship (Ship and Cargo Type
code: 70) passing through the channel. The data quality of AIS
significantly affects the performance of ship type recognition
and the classification model. The data processing was
conducted according to the AIS numerical standard of the
International Telecommunication Union (ITU) [14]. The AIS
data with apparent abnormalities, such as longitude exceeding
180° , latitude exceeding 90° , etc., was cleared. The static
and dynamic data of ship platform shape and navigation
parameters are extracted, which include MMSI that can
identify a single ship, navigation parameters (SOG, COG,
THD, Longitude, Latitude), ship geometric parameters (A, B,
C, D, Draught), and the “Record Time” that can create AIS
time-space sequences.

In order to effectively analyze the navigation
characteristics of ships in the channel, the data representing
the track line are normalized. Refer to [15] to create a set of
analysis gate lines perpendicular to the southbound traffic lane
in the head section of the channel. The distance between two
adjacent crossing-line is taken as a constant of 100m, and there
are 50 crossing-lines in total. Through spatial analysis
calculations, each trajectory passing through the channel
intersects with the crossing lines. The ship’s lateral position,
speed, and heading data, provided by the AIS information, are
recorded at each crossing-line. So that the temporal and spatial
distribution of the training data is consistent, as shown in Fig.
3. Finally, our research obtained a total of 9,503 cargo ship

© Taichung Port

Taichur

Changhua

Changhua

/ Nar
| Offshore Wind Farm (East) 1

10 NATIONAL TAMWA VERSITY,
Fig. 3 The trajectories of cargo ships (type 70) in the southbound traffic

lane with crossing-lines.
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trajectories (Bulk carrier 4340, container 3895, general cargo
1268), 47,515 static feature parameters, 475,150 intersection
points of trajectories and crossing-lines, and 1,425,450
dynamic feature data.

IV. CLASSIFICATION MODEL

4.1 Feature Extraction

The data fields A, B, C, and D in AIS represent the
distances from the antenna or reference point O to the bow,
stern, port side, and starboard side, respectively. Then, the
features of ship length and width can be calculated by Eq. (1):

(M

In addition, ship Draught is also included, as well as the
geometric characteristics of the ship shape, including the
Perimeter, Area, Aspect Ratio, Shape Complexity, and
position ratio of the bridge over the ship length, named Bridge
Position Ratio. Because most antenna positions or reference O
points are located on the bridge, this value can be obtained
from field A. This parameter is essential because, due to the
influence of the shipbuilding industry, large or ultra-large
container ships adopt the form of double bridges, and the
antenna or reference O point will be set on the front bridge,
which is different from traditional container ships. And
generally, container ships still have space for stacking
containers behind the bridge. Still, the main loading positions
of bulk carriers and general cargo ships are in front of the
bridge, so the value A of bulk carriers and general cargo ships
will be closer to the ship’s length. Furthermore, general cargo
ships are among the smaller vessels, so that the draught will
be shallower than bulk carriers and container ships. And in the
case of the same length, the cargo-carrying characteristics of
a container ship need to conform to the depth of most ports, so
the draught of a container ship will be smaller than that of a
bulk carrier. The relevant definitions are given in Eq. (2).

{Length =A+B
Width=C + D

Perimeter = 2 X (Length + Width)
Area = Length x Width
Aspect Ratio = Width/Length
Shape Complexity = (Length + Width)?/(Length + Width)
Bridge Position Ratio = A/Length

@

To improve the accuracy of the ship-type classification
model, the dynamic voyage features in AIS Data are also
extracted in this study. In processing dynamic information
data, through the crossing-line method in section 3.2, the
navigation information originally recorded on the AIS is
converted to a specific crossing-line, and the coordinates data
are converted into the lateral distance from the center line of
the lane on each crossing-line. The navigational parameters
collected on each crossing line represent the information of
ships passing through a specific channel section along the
channel direction.

In summary, 11 features were extracted in this study,
including ship geometry and trajectory behavior features. To
further understand the relationship between each feature of the
three ship-type, container, bulk carrier, and general cargo ship.
In terms of static features, the data distribution shows that the
length, width, area, and perimeter of the three ship types have
apparent differences compared with other static parameters. In
contrast, in terms of behavior features, the COG and lateral
position is similar in addition to the difference in speed
distribution. We speculate that the reason for such data
distribution is that the ship is limited by the channel during
navigation. Hence, the distribution trend of COG and lateral



position is consistent, and only the speed is different due to the
influence of different ship types. Finally, we eliminated the
COG and lateral positions of the trajectory behavior features
and only modeled with nine feature data.

4.2 Classification Model

This research uses the classification algorithm provided by
Python scikit-learn Class to conduct a series of experiments to
evaluate the extracted features for ship-type classification.
After testing, the standard classification metric, such as
accuracy and F1 score, of the random forest algorithm is
obviously better than other methods in this problem, so the
random forest algorithm is adopted.

Because in the tabbed data set, the number of trajectories
of the three ship types is unevenly distributed. To make the
weights of the supervised learning classifier consistent for all
kinds of ship types, we randomly select 1000 trajectories for
each class, a total of 3000 records as training data, and

randomly choose 300 works from the rest of the set as test data.

We iteratively performed 100 tests, and the accuracy
distribution is shown in Fig. 4. In all tests, the scores are higher
than 90% nearly 95 times, indicating that the classifier’s
performance is excellent. In the highest scoring case, both the
accuracy and F1 score are 97.3%, and the confusion matrix of
the three types is also shown in Fig. 4.

Among the 8 misclassified ships in Fig. 4, the initial labels
of the two ships were bulk carrier and general cargo ship.
However, after the model’s classification, they are classified
as container ships. After reconfirming through the ship
database on the Internet (www.vesselfinder.com), it was
found that the initial labeling of the bulk carrier was actually
a container ship. Significantly, On the other ship, its label is a
general cargo ship, and the AIS ship-type code is also 70
(cargo). But the ship database on the Internet shows it is a
fishing boat. As a result, the ship classifier in this study, in
addition to checking the correctness of the original label, can
also detect ships with abnormal ship-type codes.

V. CONCLUSIONS

This paper develops a ship-type classification model by
using Machine learning algorithms based on AIS data. The
accuracy of the ship classification model can be improved by
analyzing the AIS data of the Changhua wind farm channel
and comprehensively extracting 9 features, including static
features and dynamic features (considering the speed, course,
and lateral distance). After testing, the standard classification
indicators of the random forest algorithm, such as accuracy
and F1 score, are significantly better than other methods on
this problem, so the random forest algorithm is used.

Fig. 4 Distribution of Accuracy of 100 test results and Confusion matrix of
the best score.
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Applied to the Changhua wind farm channel, extracting
the static and dynamic behavior characteristics of ships can
improve the performance of the classifier, and the accuracy
rate reaches 97%. The cargo ship (container ship, bulk ship,
and general cargo ship) classification method proposed in this
study can solve the problem of insufficient ship types in AIS
information. And it can be used as characteristic data for
subsequent ship navigation anomaly detection. At the same
time, the test results also detected abnormal types of ships,
showing cases of fishing boats disguised as bulk ships.
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Abstract—The retaining wall safety management system
monitors the condition of retaining wall structures and detects
damages early to ensure safety. This paper aims to design and
implement a deep learning-based retaining wall management
system using YOLOvV7, an Al-based automated inspection
system utilizing surveillance cameras, to prevent human
accidents and property loss.

Keywords—safe management system, deep learning, YOLO,
Al retaining wall

L INTRODUCTION

The retaining wall safety management system monitors
the condition of retaining wall structures and detects
damages early to ensure safety. The system aims to secure
the stability of retaining walls by taking appropriate
measures.

Several domestic and foreign cases of retaining wall
collapse are as follows:

e In 2015, a retaining wall collapsed at an apartment site in
Gwangju, spilling about 1,000 tons of earth and concrete
into the parking lot, damaging many parked cars[1].

e At night in 2018, an accident occurred in the Sangdo
Kindergarten building in Dongjak-gu, Seoul, when the
retaining wall that supported the foundation of the
kindergarten building collapsed and the three-story
kindergarten building was bent. Had it occurred during
the day, it could have been a disaster affecting more than
120 children[2].

e In 2019, at least 27 people were killed and more than 70
injured when three retaining walls collapsed due to heavy
rain in the western Indian state of Maharashtra[3].

Various studies have been conducted to effectively cope
with above types of retaining wall collapse accidents in
advance. In domestic patent cases, [4] and [5] were
proposed. [6] was presented as an overseas research case.

Existing sensor-based retaining wall safety management
systems have several limitations and problems. Due to sensor
network limitations, it can be difficult to sufficiently monitor
the condition of retaining wall structures. Additionally, false
alarms may occur due to noise, measurement errors, and
environmental changes in the process of collecting,
processing, and analyzing large amounts of sensor data.

To overcome these limitations and improve the
performance and reliability of the retaining wall safety
management system, it is necessary to utilize innovative
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technologies such as real-time monitoring based on deep
learning image recognition.

This paper aims to design and implement a deep
learning-based retaining wall management system using
YOLOvV7, an Al(Artificial Intelligence)-based approach, to
automatically inspect and ensure the safety of retaining
walls, thereby preventing casualties.

II.

The architectural diagram of the deep learning-based
retaining wall management system using YOLOV7 is shown

in Figure 1.
i
.}))
Surveillan-ce ;a;'nera
I

module

SYSTEM ARCHITECTURE

Internet

EEEEE
i e —i
Retaining Wall

User Terminal Deep Learn Server

Fig. 1. Structural diagram of the deep learning-based retaining wall
management system.

The system consists of the following components: a
surveillance camera module that captures real-time footage
of the retaining wall and sends it to the deep learning server,
a deep learning server that analyzes the received wall footage
for events and notifies the user's terminal when an event
occurs, and a user terminal that receives crack alarms and
remotely monitors the status of the retaining wall. The
surveillance camera module is based on Raspberry Pi 4.

III. SYSTEM DESIGN

A. Function Definitions
1) Surveillance Camera Module
* Real-time video recording and transmission to the
deep learning server
2) Deep Learning Server
* Deep learning training (retaining wall cracks, non-
cracked retaining wall)
* Detection of deep learning event objects in the
received video

ICMIC 2023



* Push notification to the user terminal in the detection
of event objects (retaining wall cracks)
* Displaying the corresponding video on the server in
the detection of event objects (retaining wall cracks)
3) User Terminal
* Receiving push notification upon event occurrence

* Monitoring the corresponding video upon event
occurrence

B. Deep Learning Model

The development environment for the deep learning
model in the server system was implemented using a PC with
GPU. The YOLOvV7 object detection algorithm was used for
the training model, which predicted the positions of objects
and created bounding boxes. Image training was conducted
using Darknet. The detailed process for implementing the
model is as follows:

e Acquiring the Dataset for Image Training : to acquire
images for deep learning training, open-source Al
images were obtained. Approximately 1,500 retaining
wall images were selected.

e /mage Labeling Process : the labeling program,
Labellmg, was used to attach labels to the images.
Bounding boxes were created, and the areas for
supervised learning of retaining wall crack images were
specified, as shown in Figure 2.

e ;- = im

Fig. 2. Image labeling for retaining wall (video samples).

IV. SYSTEM IMPLEMENTATION AND TEST RESULTS

A. Surveillance Camera Module

As shown in Figure 3, the surveillance camera module
was implemented by attaching a Pi camera to Raspberry Pi 4.

Fig. 3. Surveillance camera module based on the Raspberry Pi 4.

The operating system used was Raspbian.
HTTP(HyperText Transfer Protocol) was used as the
communication method between the Raspberry Pi and the
server. Images of retaining wall cracks used pre-recorded
video footage instead of actual footage from the site, as
shown in Figure 4.

Fig. 4. Pre-recorded video screen shots via camera module

B. Deep Learning Server

Deep learning server appearance and deep learning
training behavior are shown in Figure 5.

- Processor: Intel® Xeon® E-2136 CPU @ 3.30GHz,
3.31GHz

- RAM: 16GB

- OS: Window 10 Pro

a) Server appearance

b) Deep learning training behavior

Fig. 5. Deep learning server appearance and deep learning training behavior

The test results of deep learning-based retaining wall
crack video analysis are shown in Figure 6.

crack 0.3

a) Original image b) Crack detection image

Fig. 6. Test results of deep learning-based retaining wall crack video
analysis.



C. User Terminal

The user terminal was implemented based on the Android
OS, providing push notifications for risk events and
functionality for video monitoring.

The initial screen display of the user terminal is shown in
Figure 7.

aw &= AN o
ARW &= 2UEY CCTy

2

Fig. 7. Initial screen display of the user terminal.

The user terminal receives crack alerts and displays the
monitoring screen, as shown in Figure 8.

Fig. 8. Receipt of crack alert and monitoring screen on the user terminal.

D. Test Results

As reviewed above, it was confirmed that the functions
defined and designed in the server and user terminal worked
normally during the functionality test.

Additionally, although not explicitly defined as a
function, simulation results using tools for the loss value
trend of crack image recognition through deep learning
training over 1,200 iterations revealed a crack recognition
error rate of approximately 0.2%. Based on the test results
mentioned above, the evaluation of the implemented
system’s crack recognition accuracy indicated an average
accuracy level of approximately 99.8%.

V. CONCLUSION

In this paper, a deep learning-based retaining wall
management system using YOLOv7 was designed and
implemented. The system captured retaining wall crack sites
as video information through surveillance cameras, analyzed
the cracks using deep learning techniques, notified the
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occurrence of cracks to the user terminal, and enabled
monitoring of the crack sites. The paper presented the
system's architectural diagram, performed experiments on
the implemented functionalities, and evaluated the system's
accuracy.

Future tasks include enhancing and adding
functionalities, as well as improving performance, to develop
a competitive commercial service system that can be applied
in real-world environments.
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Abstract—In maritime communications, UAVs could be de-
ployed as relay nodes to support communications between source
nodes and destination nodes. For efficient relaying, reconfigurable
intelligent surface (RIS) could be attached to the UAV. The reflect-
ing elements of RIS reflects the signals from source node to the
desired direction to improve transmission performance. However,
unstable channel state caused by weather, waves, or fluctuations
of the nodes may still degrade the transmission performance. In
this study, we propose a method that utilizes learning technique
to compensate the channel estimation uncertainty for efficient
phase shift or RIS.

I. INTRODUCTION

In maritime communications, a ship or a buoy on the sea
may transmit data to the center on the ground. However, as
the distance from a source node to a destination node becomes
longer, it is hard to achieve high data rates without deploying
relay nodes. For efficient and cost-effective coverage extension
in relay system, reconfigurable intelligent surfaces (RISs) has
recently attracted a lot of attention for relay transmission
system. A RIS is a programmable structure that controls in-
coming wireless signals by changing the electric and magnetic
properties of reflecting elements at the surface. The phases of
incoming signals are shifted as desired direction, and thus,
the signals are beamformed and constructively combined at
the destination with the appropriate phase shift techniques.
Because of easiness in deployment and relatively low cost
compared to the conventional relay nodes equipped with
signal processing functions, scenario of utilizing RIS for data
transmission has been actively studied.

Phan et al. studied cooperative relay transmission with
multiple RISs over Nakagami-m fading channels [1]. The
direct link between a source node and a destination node is co-
operatively considered with the multiple paths passing through
multiple RISs that reflects the signals from the source node
to the destination node. The authors analyze the performance
of considered relay system over Nakagam-m fading channels,
and showed that the performance could be efficiently improved
with RISs. Li ef al. studied RIS assisted UAV communications
where a UAV and a source node on the ground communicate
with each other through RIS for relaying [2]. Owing to the
mobility of UAV, the phase of RIS should be reactively
adjusted following the trajectory of UAV. The authors jointly
design the UAV trajectory and the phase shift of RIS. Zhai
et al. [3] studied a UAV-mounted RIS assisted mobile edge
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Fig. 1. RIS-assisted FD relay transmission.

computing where a UAV-mounted RIS assists communication
between the ground users and an MEC server. The authors
proposed a method that increases the energy efficiency of
the system with consideration of UAV trajectory, RIS passive
beamforming, and MEC resource allocation.

The UAV and RIS are efficiently deployed to enhance the
transmission efficiency and network coverage. However, a ship
or a buoy may have large fluctuation of locations in maritime
environments such as waves or weather, and thus, channel
could be unstable and may hard to adjust phase of RIS for relay
transmissions. In this study, we utilizes learning technique for
phase shift to compensate the unstable channel conditions in
maritime communications.

II. LEARNING-BASED PHASE SHIFT OF RIS

We consider a network scenario where a source node ng
transmits data to a destination node ng through UAV-mounted
RIS n,, as shown in Fig. 1. The source node could be a buoy
or a ship on the sea surface in which tries to transmit data to
the destination such as monitoring center on the ground. After
the data transmissions from the source node n, the destination
node ng may transmit acknowledgement whether the message
is successfully received. However, when the distance from
the source node to the destination node, data transmission
with high data rates could be hard to be performed. To
efficiently enhance the network coverage, UAV-mounted RIS
could be deployed in the middle of the transmission path
to relay data transmissions. Reflecting elements in the RIS
make phase shift of incoming signals so that the signals are
propagated toward the desired direction. Let the RIS consist
of R reflecting elements, i.e., R = {r1,r2, -+ ,7r}. Each
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Fig. 2. Normalized SINR of relay transmissions.

element is represented as r; = |re’¥, 1, € R where
|r:| € [0,1) for the passive RIS without amplifiers. Then, the
feature of RIS is represented as follows [4]:

O = di::1§:§(|r1|ejsol7 |7ﬂ2‘ejsaz7 e |TR‘ejSDR).

D

O represents the phase shift status of RIS. The phase shift
status of RIS affects the performance of relay transmissions
using UAV-mounted RIS in the considered maritime commu-
nications scenario.

The relay transmission channel from ng to ng through n,
could be unstable because of unstable environments such as
fluctuation of locations, transmission distance, or whether. The
destination node may transmit the acknowledgement messages
to the relay UAV node and the source node. The acknowl-
edgement message may contain information about whether the
siganl-to-interference-plus-noise ratio (SINR) increases. At the
UAV-mounted RIS which has control function for RIS phase
shift, aggregate the SINR level change information for the
duration T and adjusts the phases of reflecting elements. The
proposed method exploits deep Q-network (DQN) for phase
shift or RIS. The state and action are modeled as phases of
reflecting elements and phase adjustment step, respectively.
According to the phases of reflecting elements, phase adjust-
ment step is chosen among the feasible actions to improve the
reward calculated by averaging the SINR levels over time 7.

III. PERFORMANCE EVALUATION

We evaluate the performance of the DQN-based phase shift
in RIS-assisted relay transmissions. For simple evaluation, we
assume a network environment where exists single pair of data
transmission supported by eight elements of RIS, i.e., R = 8.
The phase of reflecting elements are shifted as 7/A, A = 360.
The transmission channel has variation owing to the maritime
environment, and the phase uncertainties are assumed to be
1 degree for small channel variation and 2 degree for large
channel variation at most.

Figure 2 shows the normalized SINR with regard to the
training episode. When the channel variation is small, the
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SINR converges after 20 episodes, and shows no degradation
after the convergence. However, when the channel variation is
large, there is drastic performance degradation points during
learning periods. Although the learning-based RIS-assisted
relay transmission could improve the throughput performance,
channel estimation uncertainty in maritime communications
could severely degrade the relay performance.

IV. CONCLUSION AND FUTURE WORK

In this study, we studied the relay transmissions with UAV-
mounted RIS in maritime communications. UAV-mounted RIS
could extend the network coverage. However, the channel
fluctuation or estimation uncertainty could be severe owing
to the characteristics of maritime environments. The proposed
method utilizes learning techniques to compensate the channel
variations. The evaluation results show that the learning-based
phase shift of RIS improves the throughput performance in
maritime relay communications. For future work, we model
the channel estimation uncertainty in maritime communica-
tions where source nodes are densely deployed. With the trans-
mission information including SINR change over time, the
channel uncertainty could be compensated and predicted for
better throughput performance. With the channel uncertainty
modeling, we try to design more sophisticated method that
efficiently compensate the maritime communication channel
for efficient relay system using UAV-mounted RIS.
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Abstract— In an outdoor Line of Sight (LOS) mobile
communication environment where power consumption, size and
weight of equipment are limited, such as in extreme cold regions,
communication equipment conditions for unmanned exploration
vehicles require high-speed communication of 10Mbps or more
over a long distance of S0km or more. In this paper, we focus on
the beamforming gain and examine the possibility of long-
distance high-speed communication. In order to overcome signal
attenuation due to long-distance transmission, we apply
beamforming as a multiple input/output (MIMO) communication
technology, and communication distance of 50km and 10Mbps at
5.8GHz carrier frequency (to avoid collision with crevasses
detection radar frequency). And we verify the operation of a
wireless communication system that simultaneously provides
transmission rates. In this paper, for a field experiment of a
wireless communication system for unmanned exploration
vehicles in extreme cold regions, four 12dBi omni-directional
antennas and a transmit power of 20dBm were used at an
outdoor transmission distance of 52km, and we measured the RF
received field strength -86 ~ -88 dBm and data rates of 10.8 ~ 11
Mbps were obtained.

Keywords— Beamforming, line of sight MIMO, long range
communication, spatial diversity gain

[. INTRODUCTION

Existing low-power long-distance communication (LPWA)
services have built their own low-power IoT network using
unlicensed carrier frequencies rather than using mobile
communication networks. In the case of SigFox, which uses

unlicensed bands, commercialization is continuously expanding.

Looking at the IoT (Internet of Things) network service using
SigFox, up to 140 messages can be sent and received per
device per day, and the message size is generally around 12
bytes [1]. In the case of LoRa WAN, technology development
is being led by the LoRa Alliance, a global alliance, and mobile
communication operators such as Switzerland's Swisscom and
Dutch operator KPN, as well as major hardware and software
companies, have participated in the alliance [2].

Developed to overcome the limitations of technology using
existing unlicensed frequency bands, LTE-MTC considers key
requirements such as long-distance low-power communication,
low power consumption, low construction cost, low-cost
equipment, large-scale terminal access, and stable coverage.
Reference [3] reports the increase in [oT products of Cat-NB1
and Cat-M1 products, as well as the release of chipsets and
modules compliant with 3GPP Rel-14 Cat-NB2. However, end
devices of NB-IoT consume additional power due to
synchronous communication and QoS processing, and
OFDM/FDMA access schemes consume more power [4].

Beamforming technology can be used as a method to
increase spatial diversity gain, and a recent study is hierarchical
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beamforming to reduce antenna training time and overhead [5].
Under the assumption that the same phase shift is applied to
each analog subarray to solve the hierarchical beam search
complex problem, a cross-correlation-based beam search
technique is proposed in the subarray [6], and a subspace
projection-based AoA (Angle of Arrival) technique suggested
[7]. In the subarray-based method, the phase ambiguity of AoA
detection is resolved through additional training symbols, post-
processing in the frequency domain, noise subspace projection,
and iterative update [8].

In this paper, we analyze the spatial diversity of the MXN
line-of-sight multiple input/output communication channel in
an interference channel environment without scattering of
electromagnetic waves, and simulate the 2X2 LOS-MIMO
channel as an example of the possibility of achieving maximum
diversity gain in communication over 50 km. and conducted a
field test on the related beamforming technology.

II. SPATIAL DIVERSITY GAIN ANALYSIS IN LOS-MXN MIMO
CHANNELS

In an interference channel environment with almost no
scattering of electromagnetic waves, when N transmitters
attempt simultaneous transmission to M receivers, the
transmitters cause interference to each receiver. The
relationship causing interference between the transmission x
and the reception y is represented by the area of the reception
signaly € C**! as shown in Equation (1).

y = Hx + No. (1)

Here, H € C2*2: channel vector, x € C2*!: transmission

signal vector, No € C>*!: AWGN (Additive White Gaussian
Noise).

In a line-of-sight wireless communication system, the
channel environment to transmit data through multiple
transmit/receive antennas can be set as shown in Figure 1.

7 o~
als
TX data| | Xz
stream

i

H

LIV N
—»T *n | pistance Channel
1 Matrix D Matrix H 1

x Yy
Transmitted vector Received vector

Figure 1. Parameter relationship between transmitting and
receiving antennas in a line-of-sight wireless communication
system that adjusts the antenna spacing.

Where, R is the effective straight-line range between
transmitter and receiver, L transmitting antenna separation
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distance, L,: receiving antenna separation distance, o>1: Tx
antenna separation distance control factor, and B>1: receiving
antenna separation distance control factor. The (m, n)-th
complex channel gain hy, in the channel matrix H can be
showed by Equation (2).

3
— A —j==dmr
= e i
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4mdm

N @
The communication distance dmn from the m-th receive antenna
to the n-th transmit antenna is expressed as the following (3)
when A is the wavelength of the carrier radio frequency.

9
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2t (3)
When the channel capacity C of the line-of-sight
communication system is the transmission power Ex and the
received noise Ny is, it can be expressed as the following
equation [9].

[T
—

= R{l+
{

Ex HHH |

C=log, dE.‘t(IH + NN, ;

“)
Here, in the case of MXN LoS MIMO channels, HH" can be
expressed as a product of a channel matrix H and a Hermitian

HY matrix. At this time, the spatial diversity gain SDG is
defined as follows when SNR — « [10, 11].

SNR ;
{ iogdes (I + JKHHK\J)(
n s 'Fl 1

SNE
togeet (Iy + " HE®)
SDG= lim m|1-  ~ "™ - .
SNKm min(m, 1) log SNR

min(m,nj IDgSNE ) (5)

For example, considering 2X2 LoS-MIMO channels, SDG
from Equation (5) can be approximated by Equation (6) [10].
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II. 2x2 LOS-MIMO CHANNEL CAPACITY SIMULATION

We set the transmission distance up to 50 km, the carrier
frequency 5 GHz (A=6 cm), and the antenna separation distance
as (alL)>= 250. At this time, the distance between the
transmitting and receiving antennas is a virtual distance
modified by an adjustment factor. In this 2x2 LOS-MIMO
communication system environment, spatial multiplexing gain
for communication distance was simulated. The results of the
simulation of spatial diversity gain for long-distance
communication systems are shown in Figure 2.

Space Divisity Gain

Distance (*500m
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1 11 21 31 a1 51 61 81 91

Figure 2. Space diversity gain simulation results for distance in
a line-of-sight wireless communication system up to 50 km.

IV. FIELD EXPERIMENTS ON LONG-RANGE 4X4 LOS-MIMO
BEAMFORMING SCHEME

The field experiment environment is set with a LoS
transmission distance of 50 km, a carrier frequency of 5.8 GHz,
and the distance between the transmit and receive antennas is
set as phase factors that adjust the delay length of the
transmit/receive signals input/output to each antenna. The
experimental site is located 52km between Deokjeok-do and
Seokmo-do, and is shown in Figure 3 below.

79

Figure 3. Experiment site between Deokjeok-do and Seokmo-
do to measure 52km communication performance.

Four 12dBi omni-directional antennas were applied to each
of the transmit and receive antennas. Figure 4 shows the results
of a 52km long-distance transmission field test. The vertical
axis represents the transmission rate and the horizontal axis
represents the time. At this time, in Figure 4, it was confirmed
that the transmission rate was 10.8 to 11 Mbps at the RF
receiving field strength of -86 to -88 dBm, achieving more than
10 Mbps.

Figure 4. Field test performance results at a transmission
distance of 52 km.
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Abstract— In this paper, we introduce a target tracking
method at the exhibition level that employs a standard Kalman
filter in a tracking radar system to predict the trajectory of target
loss. The proposed system aims to enhance tracking probability by
reducing tracking signal noise and narrowing the interval between

radar measurement values through computer vision-level analysis.

Furthermore, the accuracy of the results can be enhanced by
predicting and generating the target disappearance segment using
the predicted value from the Kalman filter and linearizing the
target's continuous position.

Keywords—Wartime-level, target tracking system, kalman filter,
predicting and generating the target disappearance section

I. INTRODUCTION

Modern naval warfare has evolved to prioritize long-range
missile-centered engagements, prompting navies worldwide to
develop strategies and tactics focused on acquiring and engaging
targets beyond the enemy's detection range. The Republic of
Korea Navy, for instance, has equipped its combat ships,
including the Chungmugong Yi Sun-shin destroyer (DDH-2),
with anti-aircraft and ship radars for long-range attacks. To
ensure improved anti-aircraft detection capabilities, the DDH-2
class ships are equipped with three radars: AN/SPS-49, MW-08,
and STIR-240, surpassing the capabilities of their predecessors.
However, with these radars being over 20 years old, they face
challenges in effectively countering the latest weapon systems.
As part of the DDH-2 upgrade plans, the installation of a
domestic combat system optimized for the MW-08 radar is
being considered.

Tracking algorithms employed by these radars process
information received through antennas, predict the target's next
location, and provide coordinates for guided weapons
interception. However, the MW-08 radar operates mechanically,
allowing only discrete tracking, and as the interval between
measurements increases, the probability of false detection rises.

Recognizing this issue, this paper aims to address the
problem by reducing tracking signal noise and increasing
tracking probability through computer vision-level analysis [1].
Additionally, the predicted value of the Kalman filter is utilized
to generate an expected target path, enabling continuous
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tracking even in the event of target loss. The proposed system is
illustrated in the flowchart above.

The primary objective is to enhance the effectiveness and
combat capabilities of combat ships by supplementing the
existing tracking methods employed by older ships. In the
current tracking system, the exhibitor's screen presented to radar
operators showcases measurements processed using internal
noise cancellation technology. However, once developed, this
system lacks frequent upgradeability due to its complex
operational requirements, and tracking is interrupted when
direction cannot be determined due to weather conditions or
wave interference.

To overcome these challenges, this paper proposes a method
to analyze the screen itself based on the Kalman filter [2]-[3].
This approach involves noise removal, linearization of the
target's continuous position, and further enhancement of result
accuracy. By utilizing the predictive capabilities of the Kalman
filter, the lost portion of the target's trajectory can be
compensated. Additionally, error resonance is mitigated by
eliminating the error resonance value. This method aims to
improve the accuracy of older radars and increase the precision
of guided weapons.

II. THEORETICAL BACKGROUND

A. Research on tracking algorithms using existing extended
Kalman filters and particle filters

Step 1 : Selection of standard Kalman filters

Traditional tracking radars analyze measurements by
inputting them into built-in filters. Among them, Extended
Kalman Filter (EKF) is suitable for non-linear model tracking
similar to motion on the inertial coordinate system of an object.
This is why EKF is also used in Aegis radar tracking systems
that use phase array antennas or mechanical radar-based Korean
combat systems. However, since this filter operates nonlinearly,
the amount of computation increases exponentially in the
operation of a high-dimensional vector. Anti-aircraft targets that
require confirmation of three-dimensional orientation are



Fig. 1. Flowchart of proposed wartime-level target tracking system using a kalman filter

particularly computational. Using EKF in this system, which
applies filters every frame, makes real-time calculations difficult,
resulting in tracking one step behind, and multiple targets cannot
be tracked at the same time.

Particle Filter, one of the filters commonly used with EKF,
was also considered [4]. However, the computational
complexity of this filter was also great, and it was excluded
because it was difficult to solve the problem of cursing at the
dimension when analyzing the location over time. Since the
standard Kalman filter operates linearly, there is a probability of
error compared to other filters in the inertial coordinate system.
Nevertheless, this filter was selected based on the fact that the
computational speed was fast, and that most of the target motion
did not deviate significantly from the linear. In addition, it was
judged that there was no major problem in the application of the
linear filter because the nonlinear filters already built in the
existing system estimate the motion of the target close to the
linear. The pre-processing process of the image and the change
of existing parameters performed to reduce the tracking error of
the Kalman filter will be described later [4].

Step 2: Image preprocessing and changing filter parameters

The process of preprocessing an image so that the Kalman
filter is easy to calculate is essential in the above system [1].
Since filters are applied once per frame, multiple frames per
second fall short of the real-time tracking specification [3]. In
addition, it is easy to find a tracking target only when the contrast
between the background and the target in the video is clear. In
the sample image, the target was set to green on a black
background to increase the contrast. Filter parameters are largely
related to the preprocessing of images and are greatly affected
by the set values due to the nature of a linearly operated system.
Motion model is consist of Constant Velocity and Constant
Acceleration.

As one of them, you can choose a state closer to the motion
of the object. The sample image was set to Constant Velocity
because it was close to constant velocity motion. The location of
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the object can be specified when the filter is substituted with
'initial location', and the code recognizes the target on its own
and automatically specifies it through the command.

B. Compare code parameters with Kalman filter variables

The value that can be determined in advance in the Kalman
filter algorithm is a system model consisting of A, H, Q, and R.

Table 1. Compare code parameters with Kalman filter variables

A System Matrix n*n matrix
H Output Matrix m*n maxtrix
System noise . .
Q yster . n*n diagnal matrix
covariance matrix
Measurement  noise S 1 .
R . . m*m diagonal matrix
covariance matrix
state variable n*1 column vector
Measurement m*1 column vector

Table 1. shows four variables constituting the system model
and two initial values. Variables are values that the user
determines in advance when configuring the Kalman filter, and
are calculated with the initial value to predict the estimated value
and error covariance. Since this code also operates as a Kalman
filter, we will look at the corresponding part in Table 1.

The 'Motion Model' refers to the state of motion of the
system, so it corresponds to A. 'Initial Location' corresponds to
because it specifies the initial position of the target. 'Initial
Estimate Error' is an H that defines the relationship between and .
'Motion Noise' and 'Measurement Noise' are represented by Q
and R, respectively. 'Segmentation threshold' is a parameter
related to the preprocessing of an image, and the sensitivity of
the filter can be set through this value, but the value adjustment
is unnecessary because the contrast of the image itself is clear.



III. SYSTEM ARCHITECTURE AND METHODOLOGY

A. Implementation of single target tracking in video

An experiment was constructed to prove the performance of
the system presented in this study [2]. First, a circuit and a radar
screen for acquiring image samples were implemented. For
security reasons, it was not possible to directly obtain images
detected by the radar during the operation, so an ultrasonic radar
was produced using a microcomputer. An ultrasonic sensor was
attached on top of the servomotor to detect the 180° orientation
through mechanical rotation. Next, the information detected by
the radar was implemented as a display screen through
processing. Through Fig. 2, the information detected by the
radar is displayed in a green circle as shown in Fig. 3. It was set
to a diameter suitable for recognition by the Kalman filter, and
two tracks per second were recorded for high accuracy.

Fig. 2. Ultrasonic radar realized with MC circuit

Fig. 3. Radar screen displayed in processing
B. Predict and track the target's movement paths

Based on the images obtained above, target tracking was
performed. We designed a code that tracks a single target in the
screen using MATLAB, and we want to find out how well it
tracks consecutive targets.

Step 1: Synthesis of target movement frame

Fig. 4 (a) is the result of combining all the frames by
analyzing the screen inside the code, and Fig. 4 (b) shows the
path in red by tracking the target by each frame. This algorithm
is performed automatically, and it can be seen that it appears as
a smooth straight line in contrast to Fig. 4 (a). Next, an
experiment was conducted to detect the predicted path when the
target currently being tracked was lost.

Step 2: The movement path of the target tracked by the
Kalman filter

The process of preprocessing an image so that the Kalman
filter is easy to calculate is essential in the above system. Since
filters are applied once per frame, multiple frames per second
fall short of the real-time tracking specification. In addition, it is
easy to find a tracking target only when the contrast between the
background and the target in the video is clear. In the sample
image, the target was set to green on a black background to
increase the contrast.
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Step 3: Synthesis of target movement frame

Fig. 4 (c). shows the state where the value input to the radar
during target tracking is 0. Existing radars are delivered as they
are on this screen. Fig. 4 (d). shows prediction of the vanishing
target of the Kalman filter. However, using the program
presented in this paper, it can be confirmed that a red line is
drawn within the path where the target is lost.

Step 4: The movement path of the target tracked by the
Kalman filter

This is the mechanism by which the Kalman filter predicts
in-between paths. Through high precision, the predicted path
can be displayed as a reference material, and based on the path,
tracking continues without interruption.

(a) Synthesis of target movement frame

(b) Movement path of the target tracked by the Kalman filter

(c) Synthesis of target movement frame

(d) Movement path of the target tracked by the Kalman filter

Fig. 4. Result of predict and track the target's movement paths

IV. RESULTS AND DISCUSSION

In this part, Matlab based code simulates a target tracking
method at the exhibition level that can predict the loss path using
a standard Kalman filter in a tracking radar system. This code
demonstrates how a Kalman filter can be used to estimate the
state of a tracked object based on noisy observations, providing
a more accurate prediction of the object's path.



Step 1: System Initialization and Model Definition

The code starts by initializing the initial state of the tracked
object and the initial covariance matrix. The system model is
defined using the state transition matrix (A) and the observation
matrix (H). The state transition matrix describes how the state of
the system evolves over time, while the observation matrix
relates the measurements to the state variables.

Step 2: Process and Observation Noise Covariance

The covariance matrices for process noise (Q) and
observation noise (R) are defined. These matrices represent the

uncertainty or noise in the system and observations, respectively.

Step 3: True Path and Observation Generation

A set of true states for the tracked object is generated using
the generate true states function. This function uses the system
model, initial state, and process noise covariance to generate the
true states. Observations are generated by adding observation
noise to the true states using the generate observations function.
This function uses the observation matrix, true states, and
observation noise covariance to generate the observations.

Step 4: Kalman Filter Initialization

The filtered states and covariances are initialized with zeros.
The filtered states will contain the estimated states of the tracked
object at each time step, and the filtered covariances will contain
the corresponding covariance matrices.

Step 5: Kalman Filter Update

The main loop applies the Kalman filter to estimate the states
of the tracked object based on the observations. At each time
step, the filter goes through two steps: prediction and update.

a. Prediction Step: The prediction step estimates the next
state based on the previous filtered state. The predicted state is
obtained by multiplying the state transition matrix (A) with the
previous filtered state. The predicted covariance is obtained by
propagating the previous filtered covariance using the state
transition matrix and adding the process noise covariance (Q).

b. Update Step: The update step incorporates the new
observation into the prediction to improve the state estimate.
The innovation is the difference between the observation and the
predicted state transformed by the observation matrix. The
innovation covariance is obtained by propagating the predicted
covariance using the observation matrix and adding the
observation noise covariance. The Kalman gain is calculated by
multiplying the predicted covariance with the transpose of the
observation matrix and scaling it by the inverse of the innovation
covariance. Finally, the filtered state is updated by adding the
product of the Kalman gain and the innovation to the predicted
state, and the filtered covariance is updated using the Kalman
gain.
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(a) True Path vs Observations (b) True Path vs Filtered Path

Fig. 5. Result of proposed wartime-level target tracking system

V. CONCLUSION

The system proposed in this paper utilizes radar
measurements to generate images and employs Kalman filters
for noise cancellation and prediction paths. The use of standard
Kalman filters ensures low computational load and enables real-
time target processing. This simple yet powerful program offers
a potential upgrade for the aging combat systems currently in
use by the Korean Navy, and it can serve as an additional system
when equipped with a new combat system. The improved
tracking probability provided by this system holds significant
benefits for the performance of combat ships in modern
battlefields where anti-aircraft detection capabilities are crucial.

However, as the development of this system is still in its
early stages, several tasks need to be addressed. Firstly, since re-
analysis is conducted based on radar-generated images, inherent
time delays occur. In situations where guided weapons approach
the self-ship at high speeds, there is a possibility that the Kalman
filter may encounter a hit before the analysis is completed.
Secondly, the system is currently unable to detect multiple
targets within the code progression. To devise a multi-object
tracking system, the movement paths of individual targets need
to be separated, and unless specified directly by the operator,
machine learning techniques must be employed, further
complicating the implementation process.
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Abstract— This paper investigates the naval application of laser communication technology and discusses necessary
laser communication as a potential replacement for traditional improvements and requirements to overcome current
sound wave communication in underwater environments. A laser  technological limitations and enhance overall performance. The
transmitter/receiver system utilizing Arduino was configured, and objective is to maximize the effective implementation of
a water tank experiment was conducted to verify the feasibility of  ypderwater laser communication in naval operations, ultimately

communlc?tlon in diverse u.nderwater. CondltIOI'lS. ].3ulld1.ng upon improving power and information delivery capabilities.
these findings, our analysis emphasizes applications in naval

tactical communication, remote sensing, and underwater drone In conclusion, this paper highlights the benefits derived from
control. Furthermore, we propose an improvement plan to the adoption of underwater laser communication and explores
address current technical limitations and enhance performance in its potential as an innovative technology capable of replacing
this field. conventional sonic communication technology. Through this
research, valuable insights are provided regarding the design and

Keywords—Underwater  laser  communication,  changing  \tilization of efficient underwater laser communication systems
underwater environment, applying MATLAB & Arduino to naval in areas such as naval tactical communication, remote sensing,
operations and underwater drone control. The findings of this study
contribute to enhancing the efficiency and safety of naval

I. INTRODUCTION .
operations.

In recent years, there has been a growing demand for

underwater marine exploration, underwater environment II. THEORETICAL BACKGROUND
monitoring, navigation, and naval operations, leading to active
research in the field of underwater communication technology.
Conventional underwater acoustic communication technologies
have made progress in wireless communication, but they still
face limitations such as low bandwidth, transmission bandwidth
constraints, high latency, and vulnerability to security breaches. When radar sizes are the same, underwater laser
As a result, laser optical communication technology has communication transmits data over ultra-high frequencies
emerged as a promising alternative in underwater  higher than underwater acoustic communication ensuring fast
communication. data transmission speed. In Table 1, underwater acoustic
communication shows a data transmission speed of Kbps, while
underwater laser communication shows a data transmission
speed of Gbps.

Underwater laser communication is a communication
method that transmits information using a laser in water, and has
many advantages over underwater acoustic communication that
is mainly used for underwater communication.

Underwater laser communication offers numerous
advantages, including fast transmission speed, high bandwidth,
low latency, and strong security [1]. These advantages make
underwater laser communication highly valuable for enhancing Unlike  other = communication, underwater laser
the efficiency and stability of naval operations. This study aims ~ communication is capable of real-time communication. This is
to verify the feasibility of laser communication in diverse  a very important factor in marine research and military use [2].
underwater environments through experiments and focuses on In addition, since it is below the surface of the water, it is not
its potential applications in various naval environments and  affected by weather changes, and stable communication is
missions. To comprehend the benefits of underwater laser  possible, such as not affecting other underwater equipment.
communication for the navy, we compare and analyze it against
conventional acoustic wave communication technology,
exploring its utilization in operational fields such as naval
tactical communication, remote sensing, and underwater drone
control. This paper presents the future prospects of underwater
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Table 1. Comparison of underwater wireless communication technologies

Parameter Acoustic RF Optical
—— Distance and frequency Frequency and conductivity 0.39 dB/m (oce'an)
dependent (0.1-4 dB/km) dependent (3.5-5 dB/m) 11 dB/m (turbid)
Speed 1500 ms™! 23x 108 ms™! 2.3x 108 ms™!
Data Rate kbps Mbps Gbps
Latency High Moderate Low
Distance more than 100 km <10 m (500131_;i?en;ﬁa1)
Bandwidth 1 kHz-100 kHz MHz 150 MHz
Frequency Band 10-15 kHz 30-300 MHz 5x 10" Hz
Transmission Power 10W mW-W mW-W

III. SYSTEM ARCHITECTURE AND METHODOLOGY

A. Hardware design

Experiments on underwater laser communication were
conducted separately for each communication process. In the
first experiment, when data is transmitted through the laser, the
desired message is transformed into data and transmitted, and it
is received and confirmed to be converted into the correct
message. In the second experiment, it was confirmed whether
the communication works in the underwater situation, In the
third experiment, the limits of laser communication in
underwater conditions were measured and confirmed.

To implement the above experiment, the laser was emitted
using the DM-104 Arduino laser module. This module transmits
data by emitting a 650nm red laser with a voltage of 5V. As the
receiving device, PP-A435 module and CDS light sensor
module were used. The PP-A435 module is a laser receiving
sensor, and the receiving unit receives the laser emitted from the
laser module and analyzes the data contained in it. The CDS
illuminance sensor module was used as a measurement tool to
check the limits of laser communication in various underwater
situations by measuring the intensity of light in underwater
communication situations.

B. Software design

The DM-104 module converts the 'Red Sub Found' message
converted into binary code into a laser signal and transmits it at
regular intervals. Characters are converted to 1s and Os, and
output values of 1s and Os are delivered at intervals of 10
microseconds. With the input signal, the module emits laser and
transmits data. In order to increase communication efficiency,
Arduino's SPI parallel communication, which transmits several
bits at the same time, is applied rather than serial communication,
which transmits several bits one by one. Since parallel
communication transmits bits simultaneously, it greatly reduces
transmission time and increases transmission speed, enabling
efficient communication.
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The PP-A435 module receives binary messages sent to the
laser. The laser signal is received through the receiver, and the
received binary data is converted into text and decoded into a
message. The time interval of the receiver is set to 10
microseconds like the transmitter to minimize the occurrence of
errors. The receiver receives the transmitted binary code and
rearranges it back into a string. Since the string of transmitted
data is transmitted at once, the decoded string is displayed as
'‘Red Sub Found' in the form of 'Received Message: ' in the result
window.

(a) System architecture

(b) Experimental Setup

Fig. 1. System architecture and experimental setup



IV. RESUTLS AND DISCUSSIONS

Command Window

turbidity: 5 suitable lasser wave length: 532nm
turbidity: 20  suitable lasser wave length: 633nm
turbidity: 55  suitable lasser wave length: 785nm
turbidity: 180 suitable lasser wave length: 1064nm

Fig. 2. Optimal wavelength for turbidity

The experiment was conducted in an empty water tank, a
water tank with water, a situation seawater, and a situation in
which impurities were added to seawater.

According to the results, laser communication was possible
in the situation of empty water tanks, water tanks only, and
seawater. However, it was confirmed that communication was
impossible in the situation where impurities were added, and the
number of communication failures increased as the
concentration of impurities increased. More accurately, the CDS
level in the empty tank is about 6 lux, and the CDS level
increased in the case of seawater, and when impurities were
added. The increase in CDS levels means that the substances in
the water tank interfered with the laser's progress and made
communications difficult.

In particular, when comparing dust and plastic debris, in
can be seen that each level is different in impurities. In Table 3,
communication was more difficult than plastic debris in the dust
situation. Table 3 shows that the communication state is
different even though the same amount of impurities are added.
The CDS of the dust was 270 lux at 7g and the plastic debris
were 131 lux. At this time, communication was not possible in
the soil and it was possible in plastic debris. When confirming
in eyesight, the dust situation was no reached by scattering in the
middle of the laser process due to the turbidity of the water,
However, in plastic debris, turbidity was not as bad as dust, and
it was confirmed that the laser reached the receiver. In the
experiment through this, it was confirmed that turbidity was the
factor that most influenced laser communication.

It proposes a method of varying the wavelength if the laser
as a method for communication even in murky situations. There
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Fig. 3. Relation between turbidity and laser wavelength [3]
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is already a method of calculating turbidity by varying the laser
wavelength. Accordingly, it is possible to obtain a laser
wavelength suitable for each turbidity. A code that presents the
optimal wavelength of the laser for turbidity was written through
the Matlab code, and the execution results are shown in Fig. 2.

Table 2. Laser communication according to the environment

Experiment 1st 2nd 3rd
empty tank o o o
basic water 0 0 0
sea water o o o
(120g of salt)
sea water
(240g of salt) © © ©
sea water o
X X
(120g of salt + dirt 3.5g)
sea water
X X X
(120g of salt + dirt 7g)
sea water
(120g of salt o X o
+ plastic debris 3.5g)
sea water
(120g of salt X o X
+ plastic debris 7g)

Table 3. Comparison of measured values of CDS ambient light sensor
according to environment

Experiment Ist 2nd 3rd average
general situation 698 702 699 699.67
empty tank 6 5 7 6
basic water 9 12 11 10.67
sea water
23 26 24 243
(120g of salt)
sea water 30 29 32 303
(240g of salt) ’
sea water
180 175 177 1773
(120g of salt + dirt 3.5g)
sea water
270 269 273 270.76
(120g of salt + dirt 7g)
sea water
(120g of salt 88 91 92 90.3
+ plastic debris 3.5g)
sea water
(120g of salt 134 129 132 131.67
+ plastic debris 7g)




As shown in Fig. 2, the wavelength of the laser increases as
the turbidity increases. This phenomenon can be explained in
Fig. 3. Fig. 3 shows a graph extracted from a paper explaining
the relationship between laser and turbidity. In this graph, the
laser shows a phenomenon in which the absorption rate
decreases at a high turbidity as the wavelength increases. As the
turbidity increases, the wavelength of the laser increases, and the
wavelength value of the paper and the laser wavelength value of
each turbidity presented in this study almost match, showing that
the code presented and the result value are reliable [4].

V. UTILIZATION PLAN FOR NAVY APPLICATION

Based on the results of the experiment, we will find out what
advantages laser underwater communication and in what
direction it is applied to the Navy.

Submarine communication is capable of communication
between submarine-warship, submarine-submarine, and
submarine-aircraft, and has high bandwidth and reliability,
enabling stable communication between the inside and outside
of the submarine. In particular, even in deep-water areas, stable
communication is possible compared to sound wave
communication, and it has the advantage of being able to
transmit a large number of sensor data quickly. In fact, the U.S.
Navy had succeeded in laser communication between aircraft
and submarines. In this experiment, the results showed that the
laser of blue light was the most suitable in the deep sea, and the
data transmission success rate was more than 80% using a laser
of about 532nm wavelength [5]. Such submarine
communication technology has also been actively introduced by
the Korean Navy, and the importance of submarines is currently
drawing attention, and it is one of the technologies that can be
developed with great power.

In marine operations, communication between underwater
drones and robots is expected to play an important role as
unmanned technologies such as drones and robots are further
developed in the future. Multiple operations using this
unmanned technology are more efficient than a single operation,
and laser communication between drones and robots more
quickly and accurately, and transmit/receive a large number of
data.

This paper deals with underwater sensor data
communication and communication objects such as submarines
and underwater drones(AUVs), and proposes underwater
reconnaissance and threat detection methods using them.
Underwater sensor data communication can be used as an alarm
system by detecting collisions, sinks, and other hazards
underwater by utilizing submarine sensor installation and laser
communication. These technologies will greatly help prepare for
submarine threats from North Korea and neighboring countries
and take control of the sea.
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VI. CONCLUSION

In this paper, we investigated the "Naval Application of
Laser Underwater Communication Utilizing MATLAB &
Arduino". We examined the potential effectiveness of laser
communication underwater compared to traditional methods
and explored its possible applications in the navy.

Throughout our research, we successfully developed a laser-
based underwater communication system using MATLAB and
Arduino. Our findings revealed that turbidity had the most
significant impact on communication performance. To address
this issue, we experimented with varying the laser wavelength
and supported our approach with evidence from relevant studies.
Based on this information, we developed MATLAB code that
recommended different wavelengths based on turbidity levels,
offering a potential solution.

The laser communication system showcased higher data
transmission rates compared to current acoustic communication
methods, providing increased bandwidth and reduced latency
underwater. Moreover, laser communication demonstrated
remarkable  resistance  to  interference, = enhancing
communication stability in underwater environments. This
laser-based underwater communication system holds promise
for diverse naval applications. For instance, it could greatly
enhance the efficiency and precision of submarine
communication, seabed sensor networks, and unmanned
underwater exploration equipment. This advancement would
significantly improve the speed of information collection and
transmission, delivering substantial benefits in future
operational scenarios.

In conclusion, our study has demonstrated that laser-based
underwater communication outperforms conventional acoustic
communication methods, offering significant value in naval
operations. As this technology continues to evolve, we
anticipate further advancements in naval communication
systems, ultimately contributing to comprehensive maritime
security and operational support.
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Abstract—In this paper, the car brand & model and body
part detection algorithms based on convolutional neural
network (CNN) and transfer learning for repair cost
estimation is proposed. The algorithm consists of five models:
car brand & model detection module, car body parts detection
module, car damage classification module, damaged car part
calculation module and repair cost estimation module. The
study is expected to help auto insurance companies simplify
their cost estimation process, identify car brands and models,
and classify car damages.

Keywords—Car Damage, Object Detection, Car Brand &
Model Detection, Image Classification, CNN, Transfer
Learning

[. INTRODUCTION

In recent years, with the development of computer
vision and artificial intelligence technology, this technology
has been applied to insurance companies [1]. In this paper,
an algorithm to estimate the cost of car repair by using
convolutional neural networks (CNN) and transfer learning
is proposed in this paper. This algorithm consists of five
modules: car brand & model detection module, car body
parts detection module, car damage classification module,
damaged car parts calculation module and repair cost
estimation module.

II. PROPOSED ALGORITHM

The basic design ideas of proposed algorithm mainly
uses CNN, transfer learning, car brand and model dataset
and vehicle dataset. Datasets are built by sites such as
Kaggle, COCO dataset, and others such as the Sandford
Cars dataset [2-3]. Through the training model, the car brand
and model was identified and classified, the body parts were
identified, and the damaged parts were classified by
percentage calculation. Through the comprehensive
analysis of a number of index results, the maintenance cost
of damaged car is estimated.

The proposed algorithm consists of five modules such as
car brand & model detection module, body parts detection
module, car damage classification module, calculation
module for damaged area of the vehicle part, and repair cost
estimation module [2]. The car brand & model detection
module are used to detect the automobile itself and
determine the brand and model of the automobile. The car
body parts detection module is used to detect all parts of the
car, circle each part, such as bumper, fender, door, glass,
head-lamp and tail-lamp, and calculate the area of each part.
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Car damage classification module checks the damaged
parts of the body, such as scratches, dents, damage, etc., and
draw the damaged area and calculate the area of the
damaged area, and calculates the percentage of the damaged
area in this part. The repair cost estimation module is based
on the repair and replacement costs of each part of the car
brand and model, and the final result is used to estimate the
cost required for car damage maintenance.

III. EXPERIMENTS AND ANALYSIS

The transfer learning method based on DenseNet161 in
the proposed algorithm has the highest accuracy of 93.85%.
In addition, in reference [4], the highest accuracy was
obtained by using ResNet50, which was 76.68%. The
accuracy of DenseNet161 adopted in this paper is higher
than that of Reference [4]. Therefore, DenseNet161 method
used in this paper is adopted for the car brand and model
detection module.

IV. CONCLUSION

In this paper, an algorithm for damage detection and
repair cost estimation based on car accidents is presented.
The accuracy of the four methods used for detecting car
brand and type reached 17.3%, 91.1%, 88.3%, and 93.85%,
respectively. This study is expected to have an important
utilization value in the field of calculating repair costs that
occur in the process of settling automobile claims if it goes
through the process of supplementing technology for
commercialization in the future.
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Abstract— In this paper, an indoor positioning algorithm
that improves positioning accuracy and prediction
performance by using a decision tree model in an ultra-
wideband (UWB) environment is proposed. It then uses the
decision tree model to accurately predict the coordinates of
the UWB tag in the next direction. In addition, a total of 4
UWB anchor nodes and 1 tag node were placed in an indoor
6m x 6m X 2.5m space, and then the 3D positioning coordinate
group was measured using the trilateration technique.

Keywords— WPAN, UWB, Decision Tree, TWR, Indoor
Positioning,

L INTRODUCTION

Recently, research on positioning technology using
ultra-wideband (UWB), belonging to the wireless personal
area network (WPAN) technology category, has received a
lot of attention [1-2]. However, the level of positioning
technology using UWB is still in its infancy, and there are
many tasks to be further studied. In this paper, an indoor
positioning algorithm that can improve positioning
precision and positioning prediction performances using a
decision tree model in a UWB environment is proposed.

II.  PROPOSED INDOOR POSITIONING ALGORITHM

The positioning process using UWB sensors and
decision trees consists of the following four steps: 1)
training of the decision tree model; 2) testing of the decision
tree model; 3) real-time running of the decision tree model;
and 4) updating of the dataset.

The proposed algorithm uses two decision tree models,
the distance decision tree model and the direction decision
tree model, which are overlaid in order to predict the next
coordinate of the UWB tag [3-4]. The proposed algorithm
selects the distance range class using the distance decision
tree model and then selects the direction of the tag using the
direction decision tree model. Proper selection of the
distance range and direction is critical for accurate
prediction of the next coordinate of the UWB tag.

III. EXPERIMENTS AND RESULT ANALYSIS

A total of four UWB anchor nodes are placed at the
vertices of a 6m x 6m X 2.5m cube indoors using a tripod,
and the tag node for positioning is placed inside the building
cube designated as the vertex of the anchor node. The
estimated position coordinates of the tag relative to the
coordinates (10cm x 10cm) of one fixed tag can be
displayed in the order of time in the 3D space. It can be seen
that the estimated position coordinates of the tag are
measured in various ways due to the noise caused by the
multipath generation of the UWB radio signal as shown in
Fig. 1. The experiment method is as follows: First, after
setting 4 anchors and 1 tag in the UWB measuring
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equipment, measure the distance and calculate the location
coordinates using the trilateration method. Then, after
placing tags at 10 cm intervals at each coordinate point, the
location coordinates of the tag and the distance between
each anchor are measured for 30 seconds at 100ms intervals.

2(mm)

290992
994995398
’((m/,,, 300(5020

Fig. 1.Cluster map of measurement coordinates in 3-dimensional

coordinates (3.0m x 5.4m x 0.6m).

IV. CONCLUSION

In this paper, an indoor positioning algorithm using a
decision tree in a UWB environment is proposed and its
performance was tested. In the future, we plan to generate
simulated learning data and conduct simulations, followed
by testing with actual UWB-equipped devices to validate
the proposed algorithm.
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Abstract—In this paper, a path estimation algorithm based PSHP [6] for each Pose Model, Resnet50, RSN50, and

on weight-real-time object detectors HPE-weight position (W- HRNet w32.
RTMDet HPE-WP) is proposed. In addition, the error distance The results of the experiment, regarding the performance
of the movement trajectory of proposed algorithm is compared  ,fthe error distance for the movement trajectory are presented.
g‘th R:yg‘g#ggox ZH%I;LMD%;SHP acc(:lr(:lnlg to RT]M]?et, It was confirmed that the error distance of moving trajectory
esnetS0, R; > an et w32 pose model. In conclusion, 4o 1ron0sed algorithm was decreased in all pose models
the error distance of the movement trajectory and the error compared to RTMDet B-Box and RTMDet PSHP. It was
distance of the movement coordinates in our proposed decreased by an average of 37.34cm compared to RTMDet B-

algorithm were found to be significantly superior to both
RTMDet B-Box and RTMDet PSHP. I]?gl)jfpand by an average of 4.92cm compared to RTMDet

Keywords-Path Estimation, Human Detection, Localization, IV. CONCLUSION
W-RTMDet, HPE-WP ’
In this paper, the error distance of moving trajectory of

. INTRODUCTION proposed algorithm is confirmed to be far superior compared

In the path estimation method using HPE (Human Pose ~ to RTMDet B-Box and RTMDet PSHP. The localization

Estimation), the lower body information is very important ~ Methods using pose models in real-time indoor obstacle
among the joint information of the posture estimation of the ~ environments exist errors according to the distance. However,
moving person. In particular, since humans walk upright, our proposqd algorithm atheved satisfactory rqsults mn
ankle information is essential for accurate path estimation [1- obstacle e.:]rclwronmen:s, and it wou(lld]be.hi}lp ﬁ]il tohlmp rove
3]. However, it is difficult to obtain accurate joint information churacy 1hwe ca;n s ectha pose mode Sult? ¢ for changes i
in an obstacle environment using the method using HPE [4- istance. In conclusion, the error distance of moving trajectory

. . . and the error distance of moving coordinates of our proposed
6]. In an indoor real-time obstacle environment based on £ prop

; . . algorithm are confirmed to be far superior compared to
video, the accuracy of human object detection and pose  RTMDet B-Box and RTMDet PSHP.

estimation significantly decreases due to obstacles. In

particular, it is difficult to obtain ankles information due to In the future, we plan to have experiments in real-time
obstacles. indoor moving environments based on proposed algorithm. In
addition, we intend to apply our proposed algorithm to

II. ALGORITHM DESIGN services that estimate the path of people in a CCTV

The proposed HPE-weight position (W-RTMDet HPE-  cnvironment.
WP) algorithm consists of 4 steps such as preparation step,

W-RTMDet step, HPE step and localization step as shown in ) o
Fig. 1. This research was supported by the MISP (Ministry of

Science, ICT & Future Planning), Korea, under the National
Program for Excellence in SW) supervised by the IITP
(Institute for Information & communications Technology
Promotion) (2018-0-018740301001).
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Abstract— Knee osteoarthritis is a prevalent condition that
can result from joint load, which refers to the force applied to a
weight-bearing knee joint. Several factors contribute to this
condition, including injuries, high-impact activities, and obesity.
Gait modification is a commonly used technique to reduce knee
load and potentially slow the progression of knee osteoarthritis.
This modification changes the foot progression angle (FPA),
which is the angle between the direction of walking and the long
axis of the foot. The present study aims to develop a system to
monitor and provide real-time feedback on gait modification in
a home environment. The system incorporates an inertial
measurement unit (IMU) sensor to detect normal, toe-in, and
toe-out walking postures by measuring the ground reaction
force (GRF) when attached to a person. The dissimilarities
between the acquired data suggests that this system can leverage
few-shot learning (FSL) to accurately classify the walking
posture, enabling efficient and effective monitoring of gait
modification in real time which is the novelty of this work in
progress research.

Keywords— foot progression angle, ground reaction force,
gait cycle

I. INTRODUCTION

A frequent orthopedic condition that puts a lot of strain on
a person's knees is excessive medial knee loading [1]. Chronic
exposure to this condition may cause serious health issues
such knee osteoarthritis, which can limit mobility [2].
Multiple factors, such as high-impact activities, injuries, and
excessive weight gain, can cause knee loading [3]. One
effective method to remedy this issue is to modify the gait by
adjusting the foot progression angle (FPA) using camera feeds
and pressure pads [5]. But the operation process, high cost and
non-portability of the equipment, limits its application outside
clinical settings, preventing real-time feedback. Therefore, to
overcome these limitations Nan Jiang [6] et al proposed a
method called the EarWalk system with an embedded inertial
measurement unit (IMU) sensor in earbuds. This method can
identify a person’s FPA during walking with a 95% accuracy
in laboratory settings. However, the system's performance is
limited by the controlled environment of the testing setup, as
a person's gait and FPA can vary unpredictably in real-world
situations. The purpose of this research is to enhance the
existing method of identifying FPA and simplify its
implementation by incorporating deep learning automated
feature extraction with minimal pre-processing. The resulting
method is expected to offer higher accuracy and precision.
The work can be divided into three steps: testing ground
reaction force (GRF) data using an IMU sensor, creating a
database of normal, toe-in, and toe-out walking postures from
40-50 individuals, and designing a few-shot learning (FSL)
model to train and test the data.

In the initial GRF data acquisition phase, promising results
were obtained using an IMU sensor. Graphs obtained from
different walking postures were compared, and the
dissimilarities were observed, indicating the potential for
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using a supervised FSL model. Additionally, resampling the
data into smaller samples could increase the data points and a
2D convolutional neural network (CNN) model can also be
used to potentially improve precision. This is a novel approach
for real time gait monitoring and modification. The general
working process is described followed by the experimental
procedure section. The paper concludes by presenting the
results and describing future works.

II. GENERAL WORKING PRINCIPLE

Toe-in and toe-out walking postures involve pointing the
foot inwards or outwards during walking, causing the inner
knee to receive induced GRF as the foot contacts the ground.
This leads to counterclockwise rotation of the shinbone
around the knee joint due to GRF, increasing compression and
stress on the inner knee joint. These postures have been found
effective in reducing medial knee loading by altering the
direction of applied GRF closer to the knee center through
changing the foot-ground contact region [4]. By reducing the
rotation caused by the GRF and minimizing the distance
between the GRF and shinbone, this shift lessens the stress on
the inner knee. This impact is demonstrated in Figure 1.

Fig. 1. GRF changes based on toe-in and toe-out where dnorm is the normal
walking GRF which reduces to din or dout, based on toe-in or toe-out [6]

The primary aim of this study was to identify the variance
in the induced GRF that is transmitted from the foot to the
body. Previous research indicates that IMU sensors can be
installed at various points in the human body to detect GRF.
The original EarWalk system [6] was designed to detect GRF
from the earbud's IMU sensor. However, in this study, a
commercial IMU sensor, namely the BNOO055, was selected
for data collection. The waist region was selected as the ideal
location for mounting the IMU sensor, as it can capture the
GREF forces produced by different walking patterns and output
them as distinct signal values. Figure 2. depicts the overall
experimental process. The data was collected from one
individual by mounting the experimental apparatus firmly
around the waist. The apparatus consists of an Arduino Uno,
the Adafruit BNOO055 IMU sensor, a Bluetooth HC-06 module
and a 9V battery to power the device. The data was sent from
the Arduino to a laptop where it was collected using a serial
monitor ‘Putty’ and exported as a .csv file for easier
evaluation. The sampling rate of the Bluetooth device was set
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to 10hz, and communication throughput was 9600. The
Arduino code for the IMU sensor found on the Adafruit
website, was modified to output sixty seconds of data and then
stop. The process can then be restarted by pressing the ‘r’ key
on the laptop.

Fig. 2. Overall experimental process

The data was later processed and normalized using
MatLab and results were observed. The processing was a
simple time vs acceleration graph. During the processing, the
sample data was equally scaled to 20 seconds to see the visible
differences between the different FPA. Even though visible
differences can be seen, on a large scale for many individuals
the FPA is vastly different as gait is a type of biometrics for
an individual person [6]. However, there are still differences
that can be identified by a deep learning model that humans
simply cannot comprehend.

III. EXPERIMENTAL PROCEDURE AND RESULT

The experimental procedure entailed collecting data for
each of the FPA patterns for one minute to assess differences
between them. The participant was instructed to walk in a
straight line in laboratory condition for one minute each in
normal, toe-in, and toe-out configurations to avoid data
overflow while a smartphone video capture was used as a
reference. The height, weight and age of the participant were
172 cm, 80 kg, and 29 years respectively.

Fig. 3. Difference between normal, toe-in and toe-out GRF patterns
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The system was mounted securely on the participant's
waist, and they were instructed to walk at a slow pace of 1 m/s.
Figure 3. depicts the induced GRF of an individual's walking
or gait cycle for each of the three tested FPA patterns. The
study found that each FPA resulted in unique recurring GRF
patterns as shown in Figure 3. This suggests the potential to
train and test with an FSL model. This method could later be
used to detect FPA patterns in real-time.

IV. CONCLUSION

The results of the initial data acquisition phase for gait
analysis using an IMU sensor have demonstrated promising
outcomes. The graphs obtained from different walking
postures showed enough dissimilarities which indicates the
potential for automated feature extraction through deep
learning. Additionally, resampling the data into smaller
samples can result in more data points for the deep learning
model, thereby potentially improving precision. In future
work, a database comprising normal, toe-in, and toe-out
walking postures from 40-50 individuals will be created. The
collected data will then be utilized to train and test an FSL
model that can accurately identify the postures. The dataset
parameters can be increased though resampling and also be
used for automated feature extraction system on a 2D CNN
model, which will be augmented with necessary tools and
modifications to enhance its simplicity and accuracy. Finally,
the model will be tested in real-life scenarios to provide live
feedback of FPA from individual subjects. These findings
hold significant implications for developing a robust and
reliable system for gait analysis in clinical settings.
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Abstract— In this paper, we address the performance of covert
communications with the help of a friendly jammer under the
Nakagami-m distribution. Particularly, we study the false alarm
probability (FAP) and the miss detection probability (MDP) of
the warden. Our findings show that FAP and MDP have contrary
behaviors with respect to the transmit power of the jammer.

Keywords—Covert communications, false alarm probability,
miss detection probability

I. INTRODUCTION

With the exponential growth of wireless-connected devices,
information security has become one of the critical issues
in wireless networks along with the long-term challenging,
namely, energy efficiency and spectral efficiency. However,
the conventional cryptography-based approach is only effective
provided that the end devices are capable to handle large
and sophisticated computations. Nonetheless, most of the end
devices in the Internet of Things (IoTs) are low-cost and have
fewer computation capabilities. Besides the cryptography-
based approach, there is another low-cost approach that is
lying in the physical layer called physical layer security (PLS).
The main drawback of the PLS approach is that eavesdrop-
pers still receive information from legitimate links. They, as
a consequence, can employ several advanced techniques to
wiretap the secure information such as transmit and/or re-
ceiver diversity schemes and exploit channel state information
(CSI) of the main link to either wiretap or send malicious
information to the intended receiver. Fortunately, a pioneer
work of Bash and others in [1] has shed light on information
security. Particularly, by hiding the secure information detected
by the wardens, one can guarantee information security and
achieve so-called covert capacity. Such communications are
named covert communications. Compared with PLS, it also
employs the physical layer, however, the approach is totally
different. In covert communications, the transmitted signals
are secretly transmitted, i.e., hiding in the background noise,
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so that the wardens do not realize whether the transmitter
has transmitting information or not while in the PLS, the
eavesdroppers always know that the transmitter is transmitting.
Thus, it can theoretically provide better protection [2].

Although covert communications have much potential com-
pared with the cryptography approach and PLS, the number
of works in the literature was limited [3]-[6]. More precisely,
the authors in [3] studied the probability of detection error and
average covert rate of the dual-hop networks where the relay
secretly transmits its own information. Two relay selection
schemes were proposed in [4] to improve the covert rate
in the IoTs networks. The performance of the delay-tolerant
covert communications with fixed and random transmit power
was addressed in [5]. They showed that the amount of
secrecy information successfully transmitted logarithmically
increased under the finite block length. The performance of
the multiple antennae covert communications was studied in
[6] where the locations of both the interferer and wardens
are modeled according to tools from stochastic geometry. The
covert throughput was maximized under the impact of both
small-scale fading and large-scale path-loss. Their findings
illustrated that the centralized antenna systems provided better
performance compared with its counterpart, i.e., distributed
antennae systems.

Nevertheless, all of the above-mentioned work do not
consider the Nakagami fading as well as the impact of the
friendly jamming to improve the hidden probability. In the
present work, different from the above-mentioned work, we
studied covert communications under the impact of Nakagami
fading and with the help of a friendly jammer. Particularly,
we derive the false alarm probability (FAP) and miss detection
probability (MDP) of the warden.
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Fig. 1. System model

II. SYSTEM MODEL

Let us consider covert communications comprised of a
source node Alice denoted by A, a legitimate destination Bob
denoted by B, a warden William denoted by W, and a friendly
jammer denoted by J. Alice secretly transmits information to
Bob and Willie detects whether Alice is transmitting or not.
Jame, on the other hand, continuously creates artificial noise
(AN) toward Willie to help Alice transmit information to Bob.
In this work, we consider the friend jamming scenario, which
means that both Alice and Bob know the signals transmitted
by Jame. Willie, yet, does not know this signal. The whole
transmission is taken place in a time slot and all nodes are
assumed to equip with a single antenna. We further assume that
the channel coefficient follows by Nakagami-m distribution
and the fading changes independently between time slots. The
received signals at Willie under the n time slot is formulated

as follows:
yw ] :{ VPahawia (] + VPrhywe, [n] +nw [n] Hy
()

where P,, x,, u € {A, J} are the transmit power and trans-
mitted signals of Alice and Bob; nyy is the additive Gaussian
white noise (AWGN) at Willie; h,, w is the channel coefficient
from node u to Willie and is followed by Nakagami-m
distribution with shape and scale parameters m, and J,.
Here, we assume that z,, u € {A,.J} has unit power, i.e.,

VPihywxy[n] +nw [n] Hy

E {\.ru|2 = 1,Vu, E{.} is the expectation operator. Hy is
the hypothesis that Alice does not transmit information while
H;, on the contrary, is the hypothesis that Alice transmits
information. It is noted that James periodically changes its
jamming signals so that Willie is not able to recognize its
pattern so that can subtract these signals.

The false alarm probability and miss detection probability
are defined as

FAP = Pr { D1 | Ho} = Pr{PJ|hJ,W|2 to2 > 'y‘ HO}
MDP = Pr{ Dy| H,} 2)
:PI‘{PA‘hA_’]/V|2 +PJ|hJ,W|2 +012/V < ’y‘ Hl} .

Here Pr{.} is the probability operator, Dy and D; are the
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events that Willie make a favorable decision on Hy and H;, ~y
is the detection threshold, 03, = —174 + NF + 10log;, BW
[dBm] is the noise variance of Willie.

III. NUMERICAL RESULTS
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Fig. 2. FAP and MDP vs. P,,, s with various values of ~.

Fig. 2 illustrates the performance of the FAP and MDP
with respect to the transmit power of the jammer with various
values of . We observe that FAP and MDP have a contrary
behavior with respect to the P,,,;. Particularly, MDP is a
monotonic decreasing function while FAP is an increasing
function regarding P, ;.
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A Review on Resource Scheduling and Association
Scheme 1n Cell-Free Networks
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Abstract—In order to guarantee the quality of service in
6G, cell-free networks are attracting attention. Cell-free is one
of the massive MIMO technologies that perform cooperative
transmission by distributing multiple APs It guarantees high
SINR and connectivity compared to tradistional networks. This
paper introduces the state-of-the-art schemes of cell-free and
user-centric cell-free networks.

Index Terms—Cell-free, User-centric Cell-free, Clustering,
mMIMO

I. INTRODUCTION

Cell-free is a massive multiple-input multiple-output
(mMIMO) technology in which all access points (APs) provide
services to users at the same frequency and time. The APs
are connected to one central processing unit (CPU) The user
is guaranteed a higher signal than the traditional network. In
addition, even if the user moves, connectivity is maintained
thanks to a number of connected APs, that is, handovers do not
occur. However, as the AP performs channel measurement and
data transmission for all users, there is a problem of excessive
traffic overhead in the fronthaul. In this paper, we study the
resource and user association scheme in cell-free.

II. RESOURCE AND ASSOCIATION IN CELL-FREE
NETWORK

Ngo et al. [1] proposed a cell-free mMIMO technique with
a pilot assignment and power control algorithm to improve
throughput. The scheme maximizes the smallest user data rates
compared with traditional small cell networks. Zhang et al. [2]
suggested a resource allocation with a heuristic method as a
neighborhood field optimization to increase energy efficiency
and throughput. To decide the optimal solution to the complex
hypothesis task, the heuristic algorithm is combined with an
adaptive boosting method. Vu et al. [3] designed a framework
for uplink training and resource allocation with federated
learning. In order to optimize transmit power and processing
frequency, the schemes aim to minimize channel training time
and execution time of learning. Le et al. [4] proposed a user
clustering and beamforming scheme to optimize the transmit
power of APs. The clustering scheme based on k-means
decides the center uesrs for clusters and allocates transmit
power through the inner approximation framework. However,
since exchanging channel information between all APs and
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CPU for transmission to UE in front haul occurs, it causes
increasing computational and power consumption overhead.

Fig. 1. User-centric cell-free

In the user-centric cell-free, a user receives packets from
a set of APs, not all APs. In user-centric, the user connects
only a few APs, not all APs. This reduces fronthaul traffic
while ensuring high signal. However, there are challenges
such as optimal AP clustering and itra-handover between
CPUs. In [5], the authors extended the user-centric cell-free
including power allocation to maximize the lower bound for
sum rate and the minimum spectral efficiency lower bound.
Xiao et al. [6] analyzed the CPU handover and AP handover
in a hybrid AP selection method that combines conventional
coordinated multipoint with the joint transmission for pure
user-centric cooperation. The scheme shows that the handover
rates are affected by the size of the AP within the CPU
and the size of the AP set. Zaher et al. [7] suggested a
soft handover approach using pilot association and clustering
control. The scheme minimizes the handover of a master AP
that assigns pilot sequences instead of other APs in a cluster.
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Ammar et al. [8] proposed distributed user scheduling and
beamforming schemes with low computational complexity. In
order to optimize resource allocation, the Hungarian algorithm
and fractional programming are applied. Demirhan et al. [9]
designed a beamforming scheme for wireless front haul be-
tween CPU and APs to improve end-to-end data rate. To
reduce computing complexity for max-min fair optimization,
the scheme applies a suboptimal iterative solution.

Unlike the common cell-free, the user-centric cell-free is
not completely handover free. However, most studies of user-
centric cell-free networks do not consider the handover issue.
Some studies [10], [11] analyzed the handover rate depending
on the cluster size of APs. These schemes show that the
handover rate is affected by cluster size. Kibinda et al. [12]
designed the handover pattern in user-centric networks and
proposed a handover scheme based on the UE path. The
scheme predicts UE mobility patterns and decides whether or
not to conduct the handover.

Although existing works try to improve performance for
cell-free, there are several challenges such intra-handover
problem, dynamic power control, and clustering interference.
Therefore, we are supposed to study adaptive resource alloca-
tion scheme for cell-free network.

III. CONCLUSION

In this paper, we introduce the various network scheme
for cell-free and user-centric. In future work, we suggest a
joint optimization scheme for clustering for user-centric and
resource allocation.
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Abstract—The utilization of full-duplex (FD) in combination
with multiuser (MU) MIMO exhibits a strong potential as
an optimal technological solution for wireless communications
beyond 5G. In FD-MU-MIMO systems, prevalent factors that
limit performance include self-interference (SI), co-channel in-
terference (CCI), multiuser interferences (MUI), and noise.
Furthermore, the system model incorporates the consideration
of imperfect channel state information within the context of
the Rician fading channel. In this study, we propose a signal-
leakage-plus-noise ratio precoding scheme (SLNR-PS), which is
not restricted by antenna constraints and is found to exhibit
superior spectral efficiency gain as compared to both zero-forcing
and block-diagonalization precoding methodologies as validated
using simulation results. The results indicate that, even in the
presence of high SI, channel error, and Rician factor, the FD-
MU-MIMO system provides significant SE improvements over
HD MU-MIMO systems based on SLNR-PS.

Index Terms—Full-duplex, Rician fading channel, imperfect
CSI, spectral efficiency

I. INTRODUCTION

Next-generation wireless communication systems will re-
quire reliable and spectrally efficient transmission techniques
to support emerging high-data-rate applications. Full-duplex
(FD) systems have received much attention from academia
in 5G and beyond technologies due to their ability to double
spectral efficiency (SE) when compared to half-duplex (HD)
for mmWave, short-range, and different applications [1]. In
FD transmissions, self-interference (SI) is typically much
greater than the co-channel interference (CCI) of other users,
preventing double sum-rate gains. As a result, it is crucial
to effectively manage SI in order for FD systems to achieve
spectral efficiency that is significantly higher than HD sys-
tems. Several SI mitigation techniques exist, including antenna
cancellation combined with RF interference cancellation [2],
analog cancellation [3], and digital baseband interference sup-
pression [4]. Insightful current studies illustrate SI cancellation
in FD devices illustrated that residual SI power at the noise
floor could be considerably mitigated by SI cancellation [5]-
[8]. It is clear from this result that FD-based systems can
be applied to practical situations. FD-based MU-MIMO (FD-
MU-MIMO) system is a system in which downlink (DL)
and uplink (UL) channel users receive and transmit data

This work was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) under a grant (No. NRF-
2021R111A3050535).

*Corresponding author

97

streams, respectively, from/to base station (BS) at the same
resources. This system severely suffers due to interferences
such as SI, CCI, and multi-user interferences (MUI) in both
channels. To mitigate these interferences, relying on sub-
optimal and lower complex transmission schemes is necessary.
Most related works have focused on SE maximization for FD-
MU MIMO systems with zero-forcing/block-diagonalization
(ZF/BD) precoder designs, and a few studies based on signal-
leakage-to-noise-ratio precoding scheme (SLNR-PS) when the
transmitter is available a channel state information (CSI) [9]-
[11].

In addition, the SE of FD-MU-MIMO systems for Gaussian

distribution and independent and identically distributed (i.i.d.)
Rayleigh’s fading environment was widely analyzed. Never-
theless, in a real-world circumstance, there is a line-of-sight
(LOS) link between the transmitter and the receiver [12], [13].
For instance, in short-range and mmWave communications, for
example, there is an LOS link, and in such fading conditions,
the channel is rather described by the Rician fading model.
Mathematically, the random channel matrix in a MIMO chan-
nel with a Rician-faded channel is a complex Gaussian matrix
with a nonzero mean matrix, unlike in an i.i.d. Rayleigh-faded
MIMO channel where the channel matrix is of zero mean.
Clearly, the Rayleigh-faded model can be viewed as a special
case of the Rician fading model by setting the mean is set
to zero. To get a more realistic assessment of the capacity
increasing potential of MIMO channels, it is important to
evaluate this capacity in a Rician fading environment. This
fading channel model comprises a direct path (LOS) and a
non-line-of-sight path (NLOS). To include this scenario, we
use a flat Rician flat fading channel.
Motivated by those works, in this work, the effects of imper-
fect channel state information (ICSI) on sum rates of DL and
UL channel users, taking into account CCI at the DL and SI
at the UL channel for single stream and multiple antennas per
user over Rician fading channels is examined.

o By using the proposed SLNR-PS, the sum rates of UL and
DL channel users are achieved. For FD-assisted systems,
the sum rate of both channels results in a new total SE.
In this study, the SEs of all the FD modes of interest
are compared with those of the conventional half-duplex
system. A half-duplex MU-MIMO mode base station’s
total spectral efficiency can be calculated by dividing the
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downlink channel sum rate by the uplink channel sum
rate without taking SI into account.

II. FD-BASED SYSTEM MODEL AND PROPOSED
TECHNIQUES

Our work considers the FD mode of base-station equipped
with total antennas Ny = N; + N,, in which N; and N,
designate the transmitting and receiving antennas at the BS se-
quentially. The numbers of antennas for each user can be rep-
resented as Ng j,7 =1,2,--- ,Dyand Ny ;,7 =1,2,--- U,
for DL and UL channels, respectively. The Rician non-
frequency selective fading channel components can be written
L5l 4/ g iy, 5= 1,2, U [14],
where m and U are changeable according to the UL and
DL. As well, s stand for the Rician factor, IjIm,7j refers the
specular matrix and H,, ; designates the Rayleigh entries with
zero-mean unit-variance, which is CN(0,1 Nu.;)- Moreover,
it is assumed that the BS and channel users have inaccurate
information about the state of the channel. Based on the
imperfect channel state information (ICSI), the channel model
is formulated as H,, ; = H,,, ; + A, j, where H,.; and A, ;
represent the nominal and uncertainty channels, respectively.
The elements of A, ; represented as zero-mean i.i.d complex
Gaussian random variables with variance 02A [15].

as H,, ; =

A. Downlink Transmission

The signal model for the DL transmission can be described
as follows. The received vector at the j** user formulated as

Uqg
va,; = Ha jzq jXa; + Ha Z 24, Xd,r + Heei jXeei
vy
+nd,ja ]:]_7 ,Ud,

(D

where z4 ; is precoding vector and x4 ; is the intended signal.
Then, we normalize the vectors x4; and z,4 ; as E[|xq;[*] =
1 and ||zq;||* = 1, respectively. The four elements in the
sequence shown on the right side of (1) are the desired signal,
MUI, CCI, and noise.

We examine the strategic transmission scheme for the DL
system model. For this system, a signal-leakage-to-noise-ratio
precoding scheme (SLNR-PS) is proposed to suppress CCI
and maximize the sum rate despite co-channel interference
for a given receiver structure by only using the CCI plus-noise
covariance matrix at the base station. Then, the Ny ; X Ng ;
CCI-plus-noise covariance matrices at user j can be expressed
as

H
cct,j

Ji =Hcei ;Weei ;H 2

2
+ UnINd7].,

where W ; E[chi,jxfci,j] stand for the covariance
matrices of the CCI and Tr(W.; ;) = Pc¢; ;. The whitening
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matrix can be defined by T; = J;1/2. Then, (1) can be

multiplied by T'; as well, considering the ICSI, and it becomes

Uqg
Va;j = T;jHg ;jzq j%a,; + T;Hg; Z ZdrXd,r
I#i
o, 3)
+ Z TjAd’jZd’de’j + fld,j,
j=1
where fig; = T;(Heei,jXcei,j + Da,j) With covariance Iy,
because of the whitening matrix.
Using the figure of merit of SLNR, the optimization prob-
lem for user j can be described as shown in (4).
According to SLNR as the optimization metric in [16], [17],
the optimization problem for user j by making use of the
Rayleigh-Ritz quotient can be formulated as

2l (AT THy j + 03T T)) 2,
zll (Najo2 + 603 T, T, + HY . THT Hy )24,
< Ao (HEL T T Hy j + 0A T T,
Ngjok +0oATHT; + HY , T/ T;H, ;)

(&)

H
d,j—1

where H,
Ug— 1.

Based on general eigenvalue decomposition (GEVD) in
[18], the objective function (5) can be simplified as follows.
Thus, the optimal precoder for j** user is given by

—[H(Iifl-nH H(I;,{j+1"'H£Ud]H and § =

o< maz. eigenvector ((Ny ;o2 + 502AT§ITJ- +

I?Ingijﬁdyj)71ﬁngijﬁd,j + (72ATJHT]-).

o
24,

(6)

B. Uplink Transmission

In this subsection, the system model and proposed design
for UL channel transmission will be presented as follows. The
received signal vector y,, € CV*1 can be written as

Uu
Yu = Hu,jvu,jxu,j + § Hu,rvu,rxu,r + Hsi,jxsi,j + Ny,

T£]

(N
where H, ;€ CN-*Nwi is the channel matrices for user
j. n, € CN*l refers to AWGN, x,; € CNex!
is the SI transmitted vector, and Hgr; represents
the SI channel matrix. The SI channel generated as

p)
K105,

- 2

H,; ~ CN(y/ eyt Hsi s %INTM), where the Rician
factor 1 without loss of generality that is used to
characterize the residual SI according to [1]. Additionally,
o2, is added to parameterize the efficiency of SI suppression
mechanisms. The desired signal, multiuser interference, SI,
and noise of the j* user are denoted at the right-hand side
of (7), respectively. The normalization of the precoder and
intended signal vectors of the ;" user can be expressed as
[V ;]|? = 1 and E[|x, ;|?] = 1, sequentially.

We next suggest the SLNR strategy, which minimizes SI
while also maximizing the sum rate for a specific receiver

in the presence of SI, employing the SI-plus-noise covariance




T Ha j2a,;|1> + oAl Tiza,l*

Zg; = arg max
7 24, €N Ny joz + (Ug — 1)0A||T;2a,
subject to ||zq||> = 1,

j=1,--

“4)

2+ 30, | T Ha 2,

|2
aUd~

matrix at the transmitter. The NV, x IV,. SI-plus-noise covariance
matrix of (7) is therefore represented as

HY 4+ J2IN

51,7

A Hsz stz J (8)

where Qg ; = E[xsiijgﬁ»] is the covariance matrix of SI
and Tr(Qg; ;) =

Py; ;. Let us define a whitening matrix L; =

A% and multiply (7) by L;, and we obtain the following
expression which also shows the effect of ICSIL.

~ Uu ~

Fug =Ly VuXug + L Y Hup VX,
r#j
v, )
) LAV X, + v
j=1

where 0, ; = L;(H,; ;X ; + nu,j) and this has covariance
of identity. The components of A, ; distributed as circularly
symmetric complex Gaussian i.i.d. with 0% variance and zero
mean.

Using the leakage concept, the optimization problem is
given in (10).

The precoder design based on the Rayleigh-Ritz quotient
can be expressed by

Vﬁj(ﬁuH,ijHLjﬁu i +oAL "Ly vy,
(0% + (Uu = DoAL; "Ly + B LI H v
§ f}/ma:c(HH L HL 'Huj + CTAL 'HLJ-’

0%+ (U, — 1)oaLYL; + H LYL,H, ;)
(1)

H

Vau,j

which H, ; = [HY,---HI, HT,  ...HI, 17
The optimal precoder using GEVD is given by

Vo.j OC maz. eigenvector (02 + (Uy — )UQAL;_ILJ‘
L ) B UL R - AL

Accordingly, the total spectral efficiency of FD-MU-MIMO
mode is calculated, and given by

Rrp = Ra + R, (13)
where R4 designates the sum rate of the DL channel obtained
using an optimized precoder in (6). As well, R, represents
the sum rate of the uplink channel by substituting the optimal
precoder in (12). The complete spectral effectiveness of half-
duplex communication corresponds to the combination of the
DL total rate and the attainable UL total rate without any SI.
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III. SIMULATION RESULTS AND DISCUSSION

We simulate FD-multiuser MIMO under Rician flat fading
conditions with channels suffering from channel error. In
this study, the maximum transmitted power at every user is
assumed to be equal for all users in which P ; =
As well, the noise power is expressed as 02 . = 02 =
for j =1,2,---,U, where U stand for downlmk or uplmk
channel users. It is assumed that the number of users is two
per channel. The total number of antennas at the half-duplex
system is taken Np = N, + N,.. We assume that the power
transmitted at the base station P, = 27 dBm and at uplink
channel users P,; = 23 dBm. We acquired the results by
averaging 1000 realizations per channel.

Figure 1 presents the achievable SE of the full-duplex and
half-duplex system by varying imperfect CSI scenarios for
different Rician factors. Scenario 1: we vary the Rician factor
k =1 and k = 5 and set the number of antennas at the BS
N; = N, = 6 and at both channel users Ny ; = Nuj = 3.
Scenario 2: we increase the error variance from o3 = 0.01
to O'QA = 0.5. For both scenarios, this figure confirms the
significant improvement in SE of full-duplex over half-duplex
for a given transmission power. However, the total SE of
the HD and FD systems decreases significantly as the Rician
coefficient increases. This is because the Rician fade effect
resembles an AWGN channel. In addition, a strong LOS link
reduces channel capacity, i.e. MIMO communication merits a
richly distributed environment. Although the SE of the FD-
MU-MIMO mode system decreases as the Rician coefficient
increases, even now it still provides good performance com-
pared to the HD MU-MIMO mode of communication system.

Figure 2 shows the performance comparisons of the SLNR,
BD, and ZF precoding schemes under the imperfect CSI con-
dition when the number of antennas at the base station varies.
We observe that as NV; increases from N; = 4 to N; = 8, the
SEs for SLNR, BD, and ZF precoding schemes significantly
improve. According to the figure, SLNR-PS provides a sig-
nificant performance improvement over both methods. This
implies that the proposed SLNR-based precoding not only
attains good SE gain by compromising the interference and
noise but also can overcome the dimensional constraints on ZF
and BD precoding schemes and make use of all the channel
degrees of freedom. Thus, we can conclude that the SLNR-PS
provides an effective solution to achieve the optimum SE with
a low-computational complexity and it performs well.

ul-

IV. CONCLUSION

In this paper, an SLNR scheme has been proposed to
mitigate co-channel interference in the context of downlink
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transmission while also maximizing the sum rate. This is
achieved through the utilization of only the CCI plus noise
covariance matrix at the base station, which is used in con-
junction with a specified receiver structure. Furthermore, we
present another methodology for uplink communication that
takes into consideration SI. To enable interference cancella-
tion, a model incorporating a whitening filter at the receiver
and a precoder design based on the covariance of noise and SI
is employed. Consequently, the issue of enhancing precoding
coefficients is depicted as the maximization of the SLNR-PS
for all users concurrently. The objective function is optimized
through the utilization of the general eigenvalue decomposition
approach. Upon equating the optimized beamformer to the
sum rates of both the DL and UL systems, the total sum
spectral efficiency of the overall system can be attained. The
present investigation involves the assessment of the efficacy

of the FD and HD systems within the context of a small-cell
system through the implementation of the proposed precoding
schemes.
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Linearly Scaling Achievable Rates through
Cell-Free Massive MIMO Systems
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Abstract—This paper demonstrates that the spatial DoF can
be effectively converted into linearly scaling achievable rates by
deploying cell-free massive multiple input multiple out systems
when the antennas are densely and evenly distributed over the
service area and interference suppressing schemes are adopted.

Index Terms—degrees of freedom, capacity, cell-free massive
MIMO

I. INTRODUCTION

Multiple input Multiple out (MIMO) systems provide the
spatial dimension which can be leveraged as the dimensions
of time and frequency. It is well-established that the capacity
of point-to-point MIMO systems scales linearly with the mini-
mum number of antennas between the transmitter and receiver
at high signal to noise ratio (SNR) [1]. That is, in additive
white Gaussian noise channel with M inputs and N outputs,
the capacity can be shown to be min(M, N) log(SNR) at high
SNR. In multi-user (MU) MIMO systems, which encompass
MIMO multiple access channels (MAC) and MIMO broadcast
channels (BC), the capacity exhibits a linear growth pattern as
the number of antennas or users is augmented.

The factor in the capacity formula that undergoes linear
multiplication is referred to as the spatial degrees of freedom
(DoF) [2]. The linear increase in capacity with the spatial DoF
suggests that the achievable rate for each user may remain
constant even as the number of users increases. However,
in most common wireless communication environments, the
achievable rate tends to decrease as the number of users in-
creases. This is primarily because each user does not uniformly
experience high SNR regardless of their locations, and the
presence of interference typically leads to a degradation in
achievable rates.

This paper demonstrates that the spatial DoF can be ef-
fectively converted into linearly scaling achievable rates by
deploying distributed antennas evenly and effectively manag-
ing interference. Such a translation can be realized in cell-free
(CF) MIMO systems.

This work was supported by the Korea Institute of Marine Science &
Technology Promotion (KIMST) funded by the Korea government (MSIT)
in 2023 (No. 2021-0626, Development of Polar Region Communication
Technology and Equipment for Internet of Extreme Things (IoET))
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II. DEGREES OF FREEDOM AND CF MASSIVE MIMO

The definition of the spatial DoF is given as [2]:

Cx(p)
1m
p—oo log(p)

where Cx(p) is the sum capacity at SNR p. In MU-MIMO
systems equipped with M base station antennas and N single
antenna users, 77 = min(M, N).

CF MIMO systems are equipped with a large number of
access points (APs), and each AP can be uniformly deployed
over the service area. This allows CF MIMO systems to
achieve a large number of degrees of freedom (DoFs), which
is equal to the number of users. Additionally, the close-in
distance between an AP and a user can provide macro diversity
gain, which further improves the system performance [3].

The key ingredient to achieve linearly scaling achievable
rate stems from the DoF gain linearly scaling up as the number
of users. However, in most wireless communication system,
the achievable rate decreases as the number of users increases.
This is due to the fact that the SNR value largely varies
depending on locations and the interference from other users
is treated as noise.

The key to achieving linearly scaling achievable rates is
the DoF gain, which scales linearly with the number of
users. However, in most wireless communication systems, the
achievable rate decreases as the number of users increases.
This is because the SNR varies significantly depending on
the user’s location, and the interference from other users is
treated as noise. In CF massive MIMO systems, APs can be
densely deployed, which results in a short distance between
BSs and users. This leads to a uniformly high SNR for
all users. Additionally, coherent signal processing is used to
manage interference. As a result of the uniformly high SNR
and interference management, linearly scaling achievable rates
are possible in real wireless systems. This means that the
rate of each user does not decrease even if the number of
users increases or users are located at the edge of each AP’s
coverage area.

The linearly scaling achievable rate was demonstrated in a
simulation. The simulation considered 40 or 400 APs deployed
over a 120 m by 50 m square area on the ceiling. Fig. 1 shows

A

(D

)
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Fig. 1. Location of APs when the number of APs is 400.

the explicit locations of 400 APs. Users are randomly located
over the square.

Beamforming schemes are chosen to maximize the received
power, minimize the received interference, or to maximize
the signal to interference and noise ratio. The simulation
parameters and setup are largely based on the indoor hotspot
model in the ITU-R guideline document for the evaluation of
5G technologies [4].

Figs. 2 and 3 show the spectral efficiency of each user when
the numbers of APs are 40 and 400, respectively. UL MR,
DL MR, UL ZF, DL ZF, UL MMSE, and DL. MSLNR rep-
resent uplink maximum ratio combining, downlink maximum
ratio transmission, uplink zero-forcing, downlink zero-forcing,
uplink signal to interference and noise maximization, and
downlink signal to leakage and noise maximization schemes
respectively.

III. DISCUSSIONS

The very steep slope of the lines in Fig. 3 verifies the
spectral efficiency is almost the same regardless of user’s
location. When the number of users is the same as that of
APs, the performances of ZF is less than those of MMSE or
MSLNR. This is because null space dimension is used up for
cancelling interference, thus no dimension is not available for
maximizing signal power. When the number of APs is much
more that that of users, the performance gap between ZF and
MMSE is negligible. The performance of MR is much less
that those of ZF and MMSE/MSLNR, which indicates that
MR does not effectively suppress interference in CF massive
MIMO systems. When a massive number of antennas are
co-located in a base station, MR processing is expected to
provide interference management as a consequence of law
of large numbers. However, this positive effect does not
seem to be observable in CF massive MIMO systems. The
results of varying number of users are skipped in this paper.

Fig. 2. Spectral efficiency of each user when the number of APs is 40.

Fig. 3. Spectral efficiency of each user when the number of APs is 400.

With different numbers of users and APs, the linearly scaling
achievable rates is shown to be possible in [3].
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Abstract—Automatic speaker identification is a crucial task
that can help ensure safety in the use of maritime autonomous
vehicles (MAVs). Most of the best solutions to automatic speaker
identification tasks have been performed using speech. One
challenge is that speech features that work perfectly for speech
tasks may not be suitable for automatic speaker identification
tasks. As a result, the selection of the best features to employ
is critical. To address this issue, this work explores multiple
speech features based on different configurations and trains a
K-nearest neighbor algorithm using these features. The best
performance was obtained from a concatenation of gammatone
cepstral coefficients, Mel frequency cepstral coefficients, and
pitch. This configuration achieved a validation accuracy of 0.98
and 98.76% and a test accuracy of 0.76 and 84.54% based on
the Jaccard similarity index and F1 score metrics, respectively.

Index Terms—automatic speaker identification, maritime au-
tonomous vehicles, features, KNN, concatenation

I. INTRODUCTION

In recent years, there has been a tremendous rise in the
development and deployment of autonomous vehicles in di-
verse domains, including the maritime sector [1], [2]. Maritime
autonomous vehicles (MAVs) offer a lot of benefits, including
a reduction in operational costs, improved safety, and enhanced
efficiency [2], [3]. With this advancement comes a major
concern: Security. One security measure that has been explored
is the use of automatic speaker identification (ASI) systems,
which can identify users based on specific features in their
voices [4], [5]. Although ASI systems are majorly based on the
users’ speech, the task of speaker identification should not be
confused with speech recognition. While speech recognition
systems identify the words said by the user, ASI systems
identify the user itself. Research shows that certain speech
features which might be suitable for speech recognition tasks,
may not thrive well when used for speaker identification tasks.
As a result, it is important that the best features for ASI tasks
be carefully selected [6].

Fig. 1. Typical speaker identification in maritime autonomous vehicles

ASI is very important in MAYV, as it helps to ensure that only
authorized users can control the vehicle or, where necessary,
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access it [7], as illustrated in Fig. 1. Machine learning (ML)
has been extensively applied to speech recognition and ASI
tasks, with impressive results. To develop a robust ASI ML
model, there are so many things to consider; including the
feature extraction method. Feature extraction plays a key role
in the design of the ASI system, as due to the variety of
speeches made by different genders, certain features might
prove redundant compared to others [8]. Moreover, consider-
ing that every individual’s vocal tract has a different shape
which helps to identify them when listening, it is important
for an ideal ASI system to be able to perform its task based
on some unique features.

Mel frequency cepstral coefficients (MFCC) are features
that are frequently used for speech-related tasks. MFCC has
been successfully applied for ASI tasks as presented in [9].
The same features were also employed in [10], along with
timbre features, to identify speakers when the speech is
in whispers. [11] also employed MFCC features for text-
independent ASI.

Motivation - All these works have shown the robustness of
MFCC features in ASI systems. However, gammatone cepstral
coefficients (GTCC) [12] have been shown to be more robust
to noise than MFCC [13] and have thus been preferred for ASI
[13]. One other feature commonly applied for ASI is pitch
[14]. The pitch has been used to improve the performance of
ASI tasks in [15], where hybrid features comprising pitch and
MFCC were used to develop a more robust ASI system.

Contribution - To overcome these above-listed limita-
tions, and enhance the robustness of speaker identification
in MAVs, this paper investigates the effectiveness of multi-
feature concatenation. The main objective is to experiment
with a hybrid of other prospective speech features and select
the best-performing ones for ASI. An investigation and exper-
imentation of the possible concatenation of multiple features
were conducted for the development of a robust ASI system.
The performances of several configurations of multiple feature
concatenations were compared based on the Jaccard index, F1
score, and processing time.

II. METHODOLOGY

A. Problem Formulation

Consider a maritime autonomous vehicle M.AY with a set
of authorized users N' = {1, ..., N} and a set of unauthorized
users M = {1,..., M}, as illustrated in Fig. 2.
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Fig. 2. Proposed system model for automatic speaker identification in maritime autonomous vehicles

It is assumed that users can issue speech control prompts
to MAV, and MAY can, in turn, recognize those prompts
and take action. To ensure safety, it is important that M.AY
takes instructions from only users in the A set. Given that all
users from sets A and M issue speech commands with speech
signal x, where x has a frequency that falls between H =
{h,...,H}, and F = {f,..., F} features can be generated
to represent x, we term the users speakers, and formulate the
closed set ASI problem. This problem requires an algorithm
A that can be embedded into M.AV after being trained on
the best features from the set F, obtained from a signal x
from speakers in the set NV, to accurately recognize speakers
only from this set with the minimum error and in the shortest
possible time.

B. Feature Extraction

Feature extraction aims to convert the speech signals to
a format that clearly shows the distinctive attributes of the
speaker’s voice. As illustrated in Fig. 2, a typical ASI system
is composed of two modes: the model training mode and the
model testing mode or recognition mode. These two modes
both contain a feature extraction unit. In this unit, the feature
extractor transforms the speech signals into feature vectors
which are numerical samples that will be fed to the training
model. In this paper, five different features were employed.

1) Mel Frequency Cepstral Coefficients (MFCC): MFCCs
are critical features for ASI tasks. They are extracted through
a cepstral analysis of the speech signal. The cepstral analysis
of a speech signal separates the source components into
excitation source and vocal tract source.

2) Gammatone Cepstral Coefficients (GTCC): The gam-
matone (GT) filter banks are an improvement over mel scale
triangular filters. The GT filter is a linear filter that is repre-
sented by an impulse response g(t) given by:

g(t) = at" e 2™ cos(2m ft + @), (1)

where ¢ represents the phase of the carrier in radians and f
is denotes the center frequency in Hz, n is the order of the

filter, a is the amplitude, ¢ is the time, and b is the bandwidth
of the filter in Hz.

3) Pitch: The pitch can be generated by first applying a
pre-emphasis filter to the speech signal, which would enhance
the high-frequency content of the signal. When Pitch features
are employed, short-term energy (StE) and zero crossing rate
(ZCR) features are used to help differentiate speech from
silence and unvoiced from voiced speech respectively.

C. Automatic Speaker Identification

1) Dataset: The dataset employed was obtained from the
“Common voice” dataset from Mozilla and consists of 10
speakers with a uniform distribution between males and fe-
males. Each speaker utters short sentences at a signal fre-
quency of 48kHz. This dataset was suitable for this work,
as it registers different races, sexes, and accents. As shown in
Table I, a total of 28,844 speech samples were used in the
experiment.

2) System Model: This work conducted experiments on
different sets of fused features for speaker identification. As
illustrated in Fig. 2, the experiments were conducted in two
phases: the model training phase and the model testing phase.

The performance of five different single and concatenated
feature configurations was compared based on the accuracy
and time of validation and testing. The following paragraphs
detail the different hybrid feature configurations.

i. GTCC features: The GTCC features were extracted using
a Hamming window of length 0.03 x samplerate and an
overlap length of 0.025 x samplerate.

ii. MFCC features: The MFCC features were extracted using

a Hamming window of length 0.03 x samplerate and an

overlap length of 0.025 x samplerate.

GTCC-Pitch features: This hybrid feature consists of the

GTCC, pitch, short-time energy, and ZC R features. The

MFCC features were extracted using a Hamming window

of length 0.03 x samplerate and an overlap length of

0.025 x samplerate. The StE features were extracted

1il.
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TABLE I
STATISTICS OF DATASET

Dataset / Speaker index 1 2 3 4 5 6 7 8 9 10 Total
Training data 3094 1424 4339 2128 2661 2904 2290 968 1857 1456 23,121
Test data 756 441 1029 525 732 673 461 226 481 399 5,723
Total dataset 3850 1835 5368 2653 3393 3577 2751 1194 2338 1855 28,844

with a threshold of 0.005, while the ZC R features were
extracted with a threshold of 0.2.

iv. MFCC-Pitch features: This hybrid feature consists of
the MFCC, pitch, StE, and ZCR features. The MFCC
features were extracted using a Hamming window of
length 0.03 x samplerate and an overlap length of
0.025 x samplerate. The energy features were extracted
with a threshold of 0.005, while the ZC R features were
extracted with a threshold of 0.2.

v. GTCC-MFCC-Pitch features: This hybrid feature was
made up of GTCC, MFCC, and Pitch features along with
the ZC'R and energy features.

Since the ZC'R and StE features are used to decide when to
use the pitch feature, it was only employed for hybrid features
involving pitch.

3) Feature Concatenation:

i. Normalization: To prevent bias in the classifier, all fea-
tures were normalized by deducting the mean and divid-
ing by the standard deviation, thus ensuring that they are
all on the same scale.

ii. Concatenation: All feature vectors were concatenated,
and the output is a matrix, which serves as an input to
the KNN classifier. In this matrix, each of the columns
matches a particular feature.

D. K-Nearest Neighbor

The K-nearest neighbor (KNN) algorithm is a nonpara-
metric classifier that uses a supervised learning approach to
perform its classification tasks. KNN is used to identify the
nearest neighbors to a given point based on distance metrics.
This study adopted the Euclidean distance as denoted below.

2)

We also used k& = 5 neighbors and a squared inverse distance
weight.

III. MODEL TRAINING & EVALUATION
A. Simulation details

All systems were simulated in MATLAB. The dataset was
imported using a helper function that helps to download and
organize the data. The dataset was split into two parts. 80%
was used for training, while the remaining 20% was used
for testing. All models were trained using a k-fold cross-
validation approach, where k£ = 5. This divides the dataset into
folds and ensures that each fold is used to test the models at
intervals during the model-training process. A total of 23,121

data points were used for training the models. Optimizing
validation and test accuracy, the number of neighbors was
set to 5, and the squared-inverse weighted Euclidean distance
metric was employed. In the testing phase, the trained KNN
classifier was tested using test speech signals from each of the
speakers. Like in the training phase, the features were extracted
and normalized before the KNN model is tested. The speaker
for each frame was then predicted.

B. Results

1) Metrics: The results of the models were evaluated based
on three metrics: F1 score, Jaccard index, and processing time.
The F1 score measures the accuracy of the validation and
test sets, while the Jaccard similarity index is usually used
to estimate the similarity between two sets of data, in this
case, the predicted and the true label (speaker). The F1 score
is calculated using the statutory formula defined:

2 x Precision x Recall

F1 = (3)

Precision + Recall

The Jaccard index score is calculated using the following
formula:

X lyNg| ]
J(y,9) . = = =, )
yl+ 19l —lynagl  y+y—1
where y is the total number of samples, and § is the number

of correctly predicted samples.

1| 724 2 6 20 1 2 1 95.8%| 4.2%
2| 1 292 74 3 20 6 10 25 10 66.2% | 33.8%
3 8 968 1 46 4 2 94.1%| 5.9%
4| 1 443 4 60 3 4 84.4%|15.6%
5| 2 1 69 5 648 5 1 1 88.5%|11.5%
ﬁ 6| 18 73 36 | 525 5 7 9 78.0% | 22.0%
E 7| 5 2 425 4 1 14 92.2%| 7.8%
.‘_:' 8| 6 3 2 1 1 171 19 23 75.7% | 24.3%
9 1 5 3 21 3 21 404 23 84.0% | 16.0%
10| 2 2 7 3 " 4 1 24 | 345 86.5% | 13.5%
94.1% | 96.1% | 86.5% | 82.5% | 82.4% | 83.2% | 91.8% | 91.4% | 81.5% | 80.0%
5.9% | 3.9% [13.5% (17.5%|17.6% |16.8% | 8.2% | 8.6% |18.5% |20.0%
1 2 3 4 5 6 7 8 9 10

Predicted Class

Fig. 3. Test confusion matrix of best performing concatenated features

2) ASI Result: Table II and Fig. 3 represent the results
from the experiments. The best-performed concatenated con-
figuration among all the implemented models was the GTCC-
MFCC-Pitch feature concatenation, which scored the highest
F1 score and Jaccard similarity index of 98.76% and 0.98
on the validation set and 84.54% and 0.76 on the test set,
respectively, as illustrated in Table II.
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TABLE II
F1 SCORE, JACCARD INDEX, AND COMPUTATION TIME RESULTS OF ALL FEATURE CONCATENATION CONFIGURATIONS

Metrics & Features F1 Score (%)

Jaccard Index Computation time (s)

Validation — Testing  Validation  Testing  Validation Testing

GTCC [13], [16] 96.99 69.29 0.94 0.56 0.15 0.251
MFCC [9] 97.66 81.5 0.95 0.71 1.56 0.26

GTCC + Pitch 96.82 71.23 0.94 0.58 0.18 0.26
MFCC+ Pitch [15] 97.73  82.23 0.96 0.73 0.44 0.29
MFCC + GTCC + Pitch 98.76 84.54 0.98 0.76 0.29 0.50

Table II shows that the best computation time was obtained
when only GTCC features were used, for both validation and
testing. However, the F1 score and Jaccard index for this fea-
ture are too low. Although the best-performing configuration
of MFCC, GTCC, and Pitch have a high computation time,
the accuracy is quite high when compared with the other
approaches.

In Fig. 3, the identification results for test identification of
speakers are represented. It indicates that all accuracy was
above 97%, with the best being 99.7% for speaker 1, and the
least being 97.3% for speaker 4.

IV. CONCLUSION

This study was aimed at comparing the performance of dif-
ferent speech features including MFCC, GTCC, pitch, energy,
and zero crossing rate, when used independently and when
fused together, for the task of automatic speaker identification
for MAVs. The configuration with MFCC, GTCC, Pitch, short-
term energy, and zero crossing rate performed best. It however
incurs a high computation time when compared to the other
configurations. It is expected that the experiments conducted
will contribute towards further study on speech feature extrac-
tion for ASI tasks within and outside the MAVs domain. Future
works will focus on developing a real-time ASI model with
considerably low computation time and appreciable accuracy
on these selected features.
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Abstract—Automatic Identification System (AIS) was intro-
duced in the maritime domain to enhance sea traffic safety by
broadcasting messages containing vessel identification, position,
and speed, so as to help prevent collisions and improve situational
awareness. However, the dynamic nature of AIS exposes it to
various cyber-attacks, requiring protection against unauthorized
access. This work leveraged the multi-layer perceptron (MLP)
to design an intrusion detection model for anomaly detection
in the Maritime Transport System (MTS) network. Our model
was evaluated on the CIC-IDS2017 cyber-security dataset. The
simulation results show the proposed model’s superiority over
state-of-the-art models, in terms of high accuracy and timeliness
in detecting attacks.

Index Terms—AIS, Anomaly, Intrusion Detection, Maritime
transport system.

I. INTRODUCTION

The Automatic Identification System (AIS), an Internet of
Things (IoT) technology, is a vital component of the Mar-
itime Transportation System (MTS). It plays a crucial role
in enhancing safety and security in maritime operations by
providing essential communication and tracking capabilities.
AIS was introduced to the maritime domain with the objective
of improving situational awareness and ensuring the safety of
sea traffic [1]. On-board ships embedded with AIS transceivers
broadcast information obtained from the global navigation
satellite system (GNSS) to authorities and vessels in their
region periodically. However, AIS suffers from the fundamental
drawback of being inherently unreliable due to its open wireless
medium architecture which exposes it to different malicious
interference (zero-day attacks) in the network [2], necessitating
the need for intelligent security solutions capable of detecting
new cyber threats. This requirement arises from the fact that
emerging cyber-attacks targeted at the MTS have exposed the
inadequacies of existing intrusion detection systems, which rely
on predictable rules and fixed attack patterns, rendering them
ineffective in identifying and addressing novel threats within
the network [3].

Machine learning (ML) and deep learning (DL) IDMs
have been proposed for MTS networks, but not specifically
for AIS. For instance, in [4], a computational-efficient 1-
dimensional convolutional neural network (1-CNN) was pro-
posed, achieving an accuracy of 86%. Also, authors in [5],
designed an ML-based model leveraging adaptive incremental
passive-aggressive ML for IoT-enabled MTS networks, and
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their model achieved an accuracy of 99%. However, the above
solution lacks target systems, and they fail to consider the
temporal dynamics and environmental factors peculiar to the
MTS networks. Therefore, this paper presents a robust DL-
based anomaly detection in AIS tracks to protect the vessels
from attacks. Specifically, this study makes the following
contributions:

1) The design of a DL-based framework, to be embedded in
the AIS of each vessel to enhance the security of MTS
via anomaly detection.

2) Evaluated the impact of different activation functions on
the convergence speed of the model.

3) The use of Principal Component Analysis (PCA) to elim-
inate irrelevant features and improve detection accuracy.

II. SYSTEM METHODOLOGY

A. Conceptualized Detection Architecture and Model Structure

As detailed in Fig. 1, the MTS network seamlessly connects
sea and land areas, allowing for smooth navigation and com-
munication. AIS transponders installed on vessels are essential
to this network, enabling real-time data exchange between
vessels, coastal stations, and satellites. Our innovative self-
defense model, a five-layer sequential neural network model
can be integrated into the AIS system on each vessel, actively
monitoring and analyzing network traffic data in real-time. This
robust system is designed to identify and resist any anomalies
that deviate from the established normal network patterns,
ensuring the security of legitimate vessels from malicious ones,
as well as the integrity of the MTS network. By employing
advanced monitoring and analysis techniques, our model safe-
guards the network against potential threats and enhances the
overall reliability of maritime operations.

B. Dataset Description

The CIC-IDS2017 dataset comprising 36 features and
1,061,342 instances with 9 attack types and normal traffic was
utilized. It was divided into an 80:20 train-test split. Redundant
features were removed using the PCA technique, thus, reducing
the curse of dimensionality and increasing the performance of
the model.
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Fig. 1. Proposed Model Architecture

C. Experiment

The simulation was done on Windows 10 operating system,
Python with Tensorflow 2.9, Intel Core i5-7400 processor, 8GB
RAM, and Tesla K80 GPU. For the simulation parameter, a 5-
layer architecture was used with Adam optimizer for 50 epochs.
A Categorical cross-entropy loss function and a batch size of
30. The activation functions employed were ReLU and softmax.

III. PERFORMANCE EVALUATION/ RESULTS DISCUSSION

Firstly, we explored the effectiveness of different activation
functions to determine the model’s optimal performance while
keeping other parameters constant. Table I indicates that Relu
is the best candidate for our model. The proposed MLP model
was evaluated in terms of its accuracy in detecting attacks.

Fig. 2 illustrates the accuracy of the model on both the train
and validation set, demonstrating a remarkable accuracy of
99.2% in the prediction of complex attacks in the network,
within a training time of 187sec, The proposed MLP model
demonstrates efficiency in securing the MTS from malicious
intrusions.

In comparison with recent related studies, as indicated in
Table II, our proposed model exhibits the highest performance
accuracy of 99.2%, with precision, recall, and Fl-score of
99.1%, 99.2%, 99.2% respectively, outperforming the perfor-
mances of existing models.

IV. CONCLUSION

This study proposed a DL framework for anomaly detection
in the Automatic Identification System(AIS) track, Our pro-
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TABLE I
ASSESSING THE IMPACT OF ACTIVATION FUNCTION ON THE MLP

Activation  Batch

function Size Epoch  Accuracy Loss  Precision Recall Time

Relu 30 50 99.2 0.026 99.1 99.2 187

Leaky Relu 30 50 98.7 0.035 98.9 98.9 200

Tanh 30 50 98.8 0.032 98.8 98.9 205
Fig. 2. Accuracy of proposed model

TABLE 11
COMPARISON OF PERFORMANCE WITH OTHER STUDIES FROM LITERATURE
Accuracy | Precision | Recall | Fl-score
Ref Model (%) (%) (%) (%)
[5] AL-PAML 98.7 99.0 99.0 99.0
[4] LCNN 86.0 88.0 86.0 85.7
Our model MLP 99.2 99.1 99.2 99.2




posed model shows optimal accuracy and efficiency in detect-
ing attacks and enhancing MTS security when compared with
current state-of-the-art. Future work aims at improving model
timeliness, also we hope to develop a framework leveraging
blockchain technology to guarantee robust security.
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Abstract—In this paper, we propose a parked-vehicle-assisted
computation offloading scheme, which employs parked vehicles
as opportunistic computing resources to expand the capacity
of conventional multi-access edge computing paradigms for
offloading tasks from mobile devices. The objective is to maximize
the total offloading utility in terms of the benefit of latency
reduction through offloading and the cost of using computing
and networking resources. The preliminary results verify the
superiority of our proposal over conventional schemes.

Index Terms—computation offloading, edge computing, vehic-
ular network.

I. INTRODUCTION

Multi-access edge computing (MEC) has emerged as a
paradigm that facilitates the offloading of resource-intensive
tasks (e.g., face recognition, video analytics, and online gam-
ing) from mobile devices (MDs) to MEC servers at the
network edge (e.g., base stations and WiFi access points).
Additionally, recent research introduced the utilization of
parked vehicles (PVs) to assist MEC servers for computa-
tion offloading, which can relieve the resource congestion of
MEC servers during the peak time [1]. This is promoted by
the ubiquity of PVs with underutilized computing resources
and the development of vehicle-to-everything communication
technologies. However, the majority of research has primarily
concentrated on full offloading schemes, where MDs either
fully process or fully offload their tasks. Meanwhile, partial
offloading schemes, which parallelize each task on both local
and remote resources, have often been overlooked [1].

In this paper, we propose a PV-assisted offloading scheme
to maximize the total utility of all MDs in terms of service
latency and the cost of using computing and networking
resources. Specifically, we derive a closed-form expression of
the optimal offloading ratio and resource allocation, and solve
the task assignment problem by using a binary version of the
whale optimization algorithm (BWOA) [2]. The efficiency of
our proposal is verified by preliminary evaluation results.

II. SYSTEM MODEL AND PROBLEM FORMULATION

Fig. 1 presents the system model consisting of a MEC-
enabled base station (BS), and a set N of MDs and a set M
of PVs within the communication coverage of the BS. Each

This research was supported by the MSIT(Ministry of Science and ICT),
Korea, under the Innovative Human Resource Development for Local In-
tellectualization support program (IITP-2023-2020-0-01612) supervised by
the IITP(Institute for Information & communications Technology Planning
& Evaluation). It was also supported by Priority Research Centers Program
through the National Research Foundation of Korea(NRF) funded by the
Ministry of Education, Science and Technology (2018R1A6A1A03024003).
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MD has a computation task characterized as (B;, C;), where
B; and C; denote input data size (in bits) and computation
density (in CPU cycles per bit). In our model, the BS serves
as a resource controller to monitor and select reliable PVs for
computation offloading. Denoting A; as the offloading ratio,
each MD i can locally execute (1 — \;)B; bits of its task and
offload the rest to the MEC server (j = 0) or a PV j € M.

Denoting f! as the local capacity of MD i, the partial local
computing latency is expressed by

tise = A= 2)B:C AJ;)BZCZ. (1)
where f! represents the computing capacity of MD i.

For computation offloading, we consider the same commu-
nication model as in [1]. Let R} and RJ?Y denote the
transmission rates from MD ¢ to the MEC server and to nearby
PVs j € M, respectively. The partial offloading latency of the
MEC offloading mode is expressed by

off _ AiB; AiB;C;

0 Rfﬂ EC in ’
where f;p denotes the computing resources allocated to MD
i by the MEC server. The partial offloading latency of the
device-to-vehicle (D2V) offloading mode is expressed by

(of f _ XiBi | AiBiC

19 RE_QV Fj )
where I; denotes the computing capacity of the PV j.
The overall latency is ¢;; = max{tlo° 211, 5 e MuU{o}.

(€5

3

iy 0 7ig
Let a = {a;j]i € N,j € M U{0}} be the task assignment
profile, where a;; = 1 indicates MD i offloads its task to

computing node j and a;; = 0 otherwise. The utility is then
defined based on the benefit of latency reduction and the cost
paid for communication and computing resources as follows:

W= %

JEMU{0}

aiWij = 3 ai;[Ge(tf

— tv‘,j) _ Ptransx\,;B,; _ P;)Tﬂﬂfij]’
JEMU{0}

“4)
where G; denotes the unit gain of latency reduction, t* denotes
the latency of fully local computation, and P*"*"* and P}"*°
respectively represent the unit price of data transmission and
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computation resources when offloading to computing node j.
The problem formulation can be expressed as follows:

2 ©
ieEN
st. Y a <1, VieN, (5a)
JEMU{0}
Z ai; <1, YjeM, (5b)
iEN
> aiofio < Fo, (5¢)
iEN
te =61, vieN,jemui{o}, (5d)
OSAigl,aijE{O,l},ﬁoZO, ViGN,jEMU{O}.
(5e)

where (5a) and (5b) represents the offloading relationships.
(5¢) represents the MEC resource allocation constraint. (5d)
indicates the conditions for minimizing latency in the partial
offloading. And (5e) imposes boundaries of the variables.

III. PROPOSED APPROACH

To solve the above-mentioned problem, we decompose it
into two subproblems as follows:
A. Optimization of offloading ratio and resource allocation

Given (1), (2), and (5d), the computing resources of the
MEC server allocated to MD ¢ can be expressed by
o )\ZB-LCZ

fo = A30BCi/ f— NBi /R
Substituting (6) into W;; in (4) and then analyzing the
function W;o(\;) by differentiation, we can obtain the optimal
offloading ratio of MD ¢ in the MEC offloading mode:

6)

. 0, if EtBiCi _ ptransp < or A<0

A =9 — fi @)

A, otherwise,
proc
. B;C;Rio—B;C;Rio f} \/me
where A = “B.CRoiBT =
For the D2V offloading mode, the optimal ratio is
« B;CiR;; F;

Ai = ®)

" BiCiRi;fl+ (BiCiRij + Bif)F;
B. Optimization of task assignment

Given the obtained offloading ratio and resource allocation,
the problem (5) can be rewritten as follows:
max Z W;
*ien
(5a), (5b), (5¢), ai; € {0,1}.

(C)]

S.t.

To solve this, we adopt the whale optimization algorithm
(WOA), which is inspired by the prey hunting strategy of
humpback whales. Each whale represents a candidate solu-
tion or search agent, whose position is iteratively updated
according to three main operations: encircling prey, bubble-
net attacking method (exploitation phase), and search for prey
(exploration phase) by using adaptive parameters. The original
WOA is only appropriate for unconstrained continuous opti-
mization problems. Therefore, we adopt the penalty method
as the constraint-handling technique. The fitness function is

Fitness(a) = — Z Wi(a) + P(a). (10)
ieN

Algorithm 1 Pseudocode of the BWOA-based scheme
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1: Initialization:
« Initialize the population of random search agents (i.e., task
assignment solutions) and the parameters of the BWOA
« Based on the obtained offloading ratio and resource alloca-
tion according to Section III-A, compute the fitness value of
each search agent and determine the best solution

2: repeat

3 for each search agent do

4: Update parameters in the BWOA

5: Update the position of the current search agent
6 end for

7 Compute the fitness of each search agent

8:  Update a™ of the best search agent

9: until reaching the maximum number of iterations 7i,qq
10: return the best search agent

where P(a) is the penalty function. The minus sign in front of
the objective function is to convert to a minimization problem.
On the other hand, we use the sigmoid function in [2] as the
transfer function to develop a BWOA. The pseudocode of the
proposed BWOA-based scheme is shown in Algorithm 1.

IV. PRELIMINARY EVALUATION RESULTS
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Fig. 2: Total utility versus: (a) Data size, (b) Density.

Using similar simulation settings as in [1], we consider a
single cell coverage of 200 m x 200 m, in which a MEC-
enabled BS (Fy = 10 GHz) and 10 PVs offer the computation
offloading service for 20 MDs. We compare the performance
of our proposed scheme with two baselines: full offloading
scheme and partial offloading without PV assistance scheme.
Fig. 2 presents the system utility with respect to varying input
data size and processing density. We can see that the partial
offloading can improve the system utility compared to the full
offloading, even in some cases using only the MEC server to
offload. And our proposal takes a joint optimization of both
offloading modes to achieve the best total utility.

V. CONCLUSION

This paper introduced an efficient partial computation of-
floading scheme optimizing both the MEC and D2V offloading
modes. The initial findings showcased the efficiency of the
proposed scheme. In-depth performance analysis with more
baselines and under different scenarios is left for future work.
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Abstract—This paper discusses the use of Particle Swarm
Optimization (PSO) for transmission repetition optimization
using Irregular Repetition Slotted ALOHA (IRSA) in wireless
networks. This study deals with a method to minimize collisions
and improve transmission efficiency in Industrial IoT networks.
In Industrial IoT, the power of devices can cause battery drain,
so many transmissions can increase battery drain. In this paper,
we describe how to reduce transmission collisions and reduce
power consumption by using PSO. The simulation results show
that the proposed method can reduce power consumption.

Index Terms—Uplink, Irregular Repetition Slotted ALOHA,
Optimization, Particle Swarm Optimization, Industrial IoT

I. INTRODUCTION

The Internet of Things (IoT) is a technology that allows
physical objects to be connected to the Internet and exchange
data. These objects are typically composed of sensors, cam-
eras, and actuators, and their main function is to communicate
with each other, and collect, process, and analyze data. In
industrial IoT systems, wireless communication technology
plays a very important role. Wireless communication is easier
to install and maintain than traditional wired networks, and
it is suitable for mobile devices [1]. In addition, IoT devices
typically operate on low power, so low-power technology plays
a very important role in wireless communication. Therefore,
the development of wireless communication and low-power
technology in 10T is very important. In a wireless IoT network,
if a grant-free uplink scheme is applied, when many IoT
devices communicate with each other, transmission collisions
can occur, which can cause problems in data transmission. If
Irregular Repetition Slotted ALOHA (IRSA) is used instead
of the commonly considered Slotted ALOHA (SA) scheme,
higher transmission efficiency can be confirmed. IRSA is one
of the effective Medium Access Control (MAC) protocols
in wireless communication, and it minimizes transmission
collisions using an irregular repetition structure [2]. This col-
lision recovery is possible using Successive Interference Can-
cellation (SIC) technology. In addition, IRSA can minimize
transmission collisions using an irregular repetition pattern,
and due to these advantages, IRSA can enable more stable
transmission than SA in grant-free uplinks. However, repeated
transmission can affect battery consumption in IoT networks,
where low-power systems are typically introduced. Therefore,
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in this paper, we use Particle Swarm Optimization (PSO) to
optimize the repetition pattern for IRSA’s irregular repeated
transmission, and we aim to simultaneously achieve collision
recovery and energy consumption minimization [3] [4]. The
composition of this paper is as follows. In Chapter 2, we
explain IRSA and the application of PSO. In Chapter 3, we
discuss the simulation results, and in Chapter 4, we discuss
the conclusion and future research.

II. SYSTEM MODEL AND PROPOSED SCHEME

This chapter discusses how to optimize the IRSA
retransmission-related coefficients using PSO. The optimiza-
tion is performed in the direction of minimizing the number of
retransmissions while eliminating collisions. First, what IRSA
is going be explained. IRSA is a random access protocol
based on slotted ALOHA. When transmitting data, IRSA
intentionally causes collisions by transmitting data through
an irregular repetition pattern. In the event of a collision,
the Successive Interference Cancellation (SIC) recovers the
collided data. The following is the formula for retransmission
between timeslots and users.

Az) & ZAlasl, U(x) 2 Z Uzt 1)
l l
In Equation (1), is the probability distribution of the trans-
mission pattern that the node will transmit. is the probability
distribution of the number of transmissions received per times-
lot, that is, the probability distribution of collisions.

g>A1-e99),  Vge(0,1]. (2)

In Equation (2), g represents the probability of decoding.
That is, the first ¢ in the above formula is the decoding
probability at i+1, and the g used in the calculation of the
exponent multiplier is the decoding probability at i. In this
case, g;4+1 must be greater than g;. So, by repeating the above
process, the decoding probability can be increased. If ¢ at
i + 1 is less than or equal to q at %, it means that the
SIC of IRSA is not working properly, and the probability
distribution of retransmission in (1) is incorrect. In order to
set this probability distribution within the correct range and
at the same time reduce the number of retransmissions to
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Fig. 1. Rewards

reduce the power consumption of the node, PSO was used. In
other words, optimization was performed through PSO. The
pseudo-code for the fitness function used for optimization is
as follows.

Algorithm 1: Fitness Function

Input: the number of timeslots n
Output: score s

1 coefs = getDist(A(x))

2 for ¢ in 0.1:0.01:1 do

3 result = \(q, coefs)
4 if ¢ > result then

5 | s=-10

6 if s £ 10 then

for j in 1:n do
L s =s + n - coefs[j]*(+1)

In PSO, the particles are initialized randomly and then move
through the search space according to the velocity and position
update equations. The optimization process is repeated until
the fitness function value converges.

III. SIMULATION

This chapter discusses the results of optimizing the IRSA to
minimize the number of iterations and resolve collisions using
PSO. The simulation parameters were set to 50 particles and
200 iterations. The number of timeslots in a frame was set
to 10, and the number of transmission nodes was set to 7.
As you can see in Figure 1, the fitness score increases as
the number of iterations increases through PSO. This shows
that the number of unnecessary iterations can be reduced,
which can save energy. Figure 2 shows the collision rate as
the number of SIC iterations increases. We can see that the
collision rate decreases as the number of iterations increases.
This means that the optimized distribution by PSO can reduce
the collision rate, just like the fixed distribution that previous
research has suggested.

113

Fig. 2. Collision Rates

IV. CONCLUSION

In Industrial IoT systems, battery consumption is a major
problem. To solve this problem and the collision during
transmission, this paper proposes a method to use Particle
Swarm Optimization (PSO) to optimize the transmission rep-
etition using the Irregular Repetition Slotted ALOHA (IRSA)
protocol. IRSA is one of the effective MAC protocols in wire-
less communication, and it minimizes transmission collisions
using an irregular repetition structure. This IRSA protocol
was improved to avoid transmission collisions and reduce
power consumption by using PSO. To this end, the proposed
method was simulated to confirm that it can reduce power
consumption. These research results are expected to be helpful
for various research to reduce power consumption in IoT
networks.

ACKNOWLEDGMENT

This work was supported in part by the Ministry of Sci-
ence and ICT (MSIT), Korea, under the Grand Information
Technology Research Center Support Program, supervised
by the Institute for Information and Communications Tech-
nology Planning and Evaluation (IITP), under Grant IITP-
2023-2020-0-01612, in part by the Priority Research Centers
Program under Grant 2018R1A6A1A03024003, and in part
by the Basic Science Research Program through the Na-
tional Research Foundation of Korea (NRF), funded by the
Ministry of Education, Science and Technology, under Grant
2022R111A1A01069334.

REFERENCES
(1]
(2]

Farooq, M. Umar, et al. "A review on internet of things (IoT).”
International journal of computer applications 113.1 (2015): 1-7.
Paolini, Enrico. “Finite length analysis of irregular repetition slotted
ALOHA (IRSA) access protocols.” 2015 IEEE International Conference
on Communication Workshop (ICCW). IEEE, 2015.

Ryu, Won Jae, Gandeva Bayu Satrya, and Soo Young Shin. "Bio-
Inspired Scheduling for Factory Automation in the TD-LTE System.”
IETE Technical Review 39.5 (2022): 1189-1207.

Ryu, Won Jae, and Soo Young Shin. "Performance evaluation of a
power allocation algorithm based on dynamic blocklength estimation for
URLLC in the multicarrier downlink NOMA systems.” Turkish Journal
of Electrical Engineering & Computer Sciences 29.1 (2021): 310-320.

[3]

[4]



Orbital Angular Momentum Enabled Device-To-
Device Communications

Jiarui Pang Sudhanshu Arya Yeon Ho Chung
Department of Artificial Intelligence School of Systems and Enterprises Department of Artificial Intelligence
Convergence Stevens Institute of Technology Convergence
Pukyong National University Hoboken, NJ, USA Pukyong National University
Busan, South Korea sarya@stevens.edu Busan, South Korea
jiaruipang@pukyong.ac.kr yhchung@pknu.ac.kr

Abstract— Internet of Things (IoT) refers to the incorporation absence of sophisticated advanced infrastructure and
of billions of devices connected through the internet. To enable management.
connectivity among IoT devices, Radio Frequency (RF)-based

technology is most predominantly deployed in various . . . .
environments. However, optical wireless communication  Measurements have been implemented using optical wireless

(OWC) has shown promising and significant improvements in commupication (OWC). OWC has be.en pf(?Posed as an
overall performance. Orbital angular momentum (OAM), alternative to complement and coexist with RF-based
which is the revolutionary property of light, describes the twist technologies, therefore enabling promising results for
or helical shape of the electromagnetic field. When combined ~ Wwireless communication in a broad range of IoT domains [2].
with OWC, OAM is believed to enhance data transmission By operating in another domain of spectrum, OWC is
significantly. This paper focuses on OAM-based OWC in IoT  possible to effectively mitigate the above issues in terms of
and the objective is to analyze the performance of the system in spectrum licensing [2], larger capacity offered by the
terms of data transmission rate and bit error rates (BER) for =~ modulated optical beam, and higher scalability when it comes
various spatial separations between IoT devices as the o alarge number of connected devices. OWC utilizes visible
transmitter and the receiver. Moreover, we make an important  or invisible lights for data transmission between transceivers
observation that the achievable data rate varies non-linearly and the optical components in OWC establish a better figure
wit'h the.BER requirements of the OAM-enabled IoT system at of design due to its size, weight, and power-cost design in
a given link range. comparison to RF components [2]. In recent years, orbital
angular momentum (OAM) has been undertaken to leverage
the capacity of OWC. The property of OAM represents a
I. INTRODUCTION structure light, allowing it to bq obtained as an opt.ic.al beam
with a tailored spatial amplitude [3]. In addition, the
implementation of multiple channel modes and multiplexing
with OAM results in sophistical improvements in minimizing
crosstalk and leveraging the data transmission quality [3].

To further address the mentioned concerns, additional

Keywords— OAM, OWC, Internet of Things

The definition of Internet of Things (IoT) encompasses a
huge expansive domain that establishes the foundation for
integrating the physical devices and digital layers. In recent
years, billions of ToT devices have been deployed and this

tremendous trend is anticipated to continue in the foreseeable OAM integrated OWC is envisioned to bolster wireless
future. A crucial component facilitating the traffic of  communication in IoT networks by offering higher capacity,
information in IoT networks is wireless communication, lower latency, and increased efficiency compared to

which plays an indispensable role for the connectivity  traditional RF-based solutions. The future OAM-based OWC
between primary entities. Among prevalent wireless  in loT should provide optimal data rate in transmission
solutions in contemporary IoT domains, Radio Frequency channel with low bit error rates (BER). This paper delves into
(RF) based technologies, such as Wi-fi, Bluetooth, and  the deployment of OAM-based OWC for device-to-device
Zigbee, are the most common solutions, and they are utilizing ~ communications in IoT by elucidating the system model of
low power operating in communication links affected by loss =~ OAM-based OWC. It presents an analysis of data
and noises [1]. Due to their performance and capacity for transmission rate in the system channel and conclusions are
distance coverage, stability, power consumption and  drawn.
penetration ability, RF-based wireless communications have

evolved into a well-established method of transmitting and II. SySTEM MODEL

facilitating the data traffic between IoT devices. The system model of OAM based OWC is represented in
Figure 1. The parameters used are shown in Table 1.
Moreover, the channel impulse response for OAM-OWC in IoT is
represented as follow:

Although RF-based technologies provide an easily
deployable and cost-effective solution, it also faces some
severe challenges, such as interference, spectrum congestion
and latency. RF signals are strictly regulated therefore, they
pose a challenge due to the interferences of other devices
operating in the same frequency band [2]. Additionally, as the
number of users grows, congestion is likely to occur in the
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where [ is the different channel response input of OAM, p is the
transmission power, 71 is related to the radius of the OAM
propagation circle shown in Figure 1. And the transmit power is
shown as
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Figure 1 illustrates how OAM beam’s propagation occurs along the
channel between the transmitter (T) and the receiver (R,)

Figure 1. OAM-based OWC transmission

Table I: SYSTEM PARAMETERS

Transmitter-Receiver Distance (d) 0.Imtolm
Radius of OAM beam propagation 7
Transmit Power (P,,) 107
OAM Mode Index (I) 2
Bandwidth 10*

III. SIMULATION

As a proof-of-concept, we present the achievable data rate
relative to the link range for different reliability constraints,
i.e., the maximum bit-error-rate (BER) a system can tolerate.
The simulation parameters are illustrated in Table I. As
expected, as the link range increases, the achievable data rate,
for the given reliability constraint, reduces. We make another
important observation that the achievable data rate an OAM-
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enabled IoT system can support for a given link range varies
non-linearly with the BER requirements of the system.
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Figure 2. Achievable data rate relative to the link range for
different BER requirements.
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IV. coNCLUSION

In this work, the OAM-based OWC for data transmission
in IoT networks has been considered in terms of data rate and
BER. Moreover, the impact of varying distances between the
devices has been examined. Further research will be
undertaken to obtain a more comprehensive understanding of
the system model’s characteristics and performance by
incorporating other essential parameters that have not been
addressed in this work.
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