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Abstract: Fishing nets are tools used in fishing floating in the ocean for a period of 10 to 48 hours, while being able to travel in multiple
directions. This leads to problems such as uncertainty in the location of fishing gear, losses. The marine environment has experienced
increased severity due to the disposal of fishing gears. The government is working to reduce dumping and loss of discarded fishing
gears by tracking location of nets using Styrofoam and flags. Moreover, companies are also developing electronic buoys for monitoring
fishing nets and gears. However, conventional electronic buoys have disadvantages, such as limited range, increase in power consump-
tion, data loss, and unreliable communication. In this paper, we developed an electronic buoy to monitor fishing nets in real-time. The
buoy aims to prevent fishing gear loss and theft by monitoring the location of fishing gears, fishing grounds, and catch information.
This system attaches to fishing gears during hauling and transmits real-time location information and operation data of the fishing net
to vessels, allowing for easy monitoring. To overcome limitations, we improved communication distance by making our own transmit-

ter antennas through comparative experiments. In addition, we improved performance of low-power and long-distance communication

functions by introducing LoRa (Long Range) communication technology.

Keywords: Fishing net, Electronic buoy, LoRa

1. Introduction

Over the past few decades, the issue of marine debris and its
impact on the environment has become increasingly severe. Dis-
carded fishing gears account for a significant majority of marine
debris [1]. Discarded fishing gears, transported by winds and cur-
rents, cause various problems, including uncertainty in location
and loss of fishing gears. The negative impact on marine ecosys-
tems has led to a decline in marine biodiversity and an increasing
issue of marine pollution.

It is challenging for marine management organizations to re-
spond effectively when the whereabouts of discarded fishing gear
is unknown. In response, the government has announced a plan
to reduce marine debris by 60% by 2030 and complete elimina-
tion by 2050 [2]. The plan provides comprehensive coverage of
the entire process of generating, moving, and collecting marine
debris, providing systematic solutions. Other measures that sup-
port the government's policy include the establishment of a fish-

ing gear buoy deposit system to promote recovery and recycling

of discarded fishing gears, as well as strengthening the manage-
ment of discarded fishing gears. Recently, the government has
been making efforts to decrease marine litter by minimizing
dumping and loss of discarded fishing gears. This is achieved by
utilizing buoys made of Styrofoam and flags to identify nets
while hauling. Buoys at sea have a limited visibility as they are
not easily noticeable to the human eye. Furthermore, it requires
a minimum of 30 minutes of sailing time to find a buoy, and ad-
ditional time is needed at night and in fog.

In addition to government efforts, private companies are also
addressing marine environmental problems caused by discarded
fishing gears. To tackle the issue of discarded fishing gears, elec-
tronic buoys capable of providing real-time data on the wherea-
bouts and conditions of fishing nets are proposed [3]-[5]. With
accurate tracking of hauling locations using electronic buoys,
gear loss and theft can be prevented, and reduce fishing costs by
identifying gear locations. However, these electronic buoys have

limited functionality due to short range, legal regulations, battery
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life and performance, as well as high prices, ultimately limiting
system utilization.

This paper presents the development of an electronic buoy de-
signed to monitor the location information of fishing gears, fish-
ing grounds, and catch information in real-time in order to pre-
vent loss and theft of fishing gears. During fishing operations, an
electronic buoy is affixed to fishing gears to facilitate wireless
transmission of both the fishing gear's position information and
data relating to operation of fishing nets to vessels in real-time.
Additionally, the information received can be monitored and ob-
served on a vessels’ display.

Unlike conventional electronic buoys, the electronic buoy
transmitter for monitoring fishing nets utilizes GNNS (Gobal
Navigation Satellite System) antennas and GNSS modules to col-
lect data, thereby overcoming the limitations of a maximum
range. In addition, LoRa long-range, a low-power wireless com-
munication technology, enables efficient data transmission and
reception between sensors and devices. A Sub-Ghz RF radio fre-
quency front-end is used for battery optimization, and the elec-
tronic buoy receiver communicates via an RS-232 interface. De-
spite recent advances in communication technology, these de-
vices allow longer-distance communication with fewer wires,
making it ideal for use on fishing boats with poor installation.
They also minimized data loss rate between the electronic buoy
and the onboard receiver by utilizing the antenna that we devel-
oped in our experiments.

The implementation of a real-name system for fishing gear has
been made possible due to the development of electronic buoys
for monitoring fishing net. It enables the early collection of dis-
carded fishing gear while preventing gear loss and theft. It also
reduces lost fishing gear, reducing marine accidents caused by
discarded fishing gear and protecting marine ecosystems. The
aim of monitoring fishing gear management is to prevent dupli-
cate installation of fishing gear in the same fishing grounds and
effectively manage stolen fishing gear. This, in turn, contributes
to resolving disputes among fishermen and rationalizing manage-
ment.

This thesis is organized as follows: Chapter 2 reviews the cur-
rent status of existing electronic buoys in Korea and compares it
with the current status of electronic buoys abroad. Chapter 3 de-
scribes the design of an electronic buoy for fishing net monitor-
ing. In Chapter 4, we implement and experiment with an elec-
tronic buoy for monitoring fishing nets, and provide the conclu-

sion in Chapter 5.
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2. Related Work

2.1 Status of Domestic Electronic Buoy Status

Electronic buoys are developed to address the environmental
problems in the littoral sea caused by discarded fishing gears and
fishing nets. The proposed system aims to check the location and
status of fishing nets by connecting to a smartphone, which is
different from the existing electronic buoys [6]. The system uti-
lizes 890 MHz band of the WCDMAJ/LTE (band 8) cellular net-
work frequencies and employs Advanced Encryption Standard
(AES) encryption for data transmission in order to safeguard in-
formation pertaining to fishing activities. To lower power con-
sumption, it is designed to minimize power consumption by
blocking power after information is received. The system can
also be used to check the location and status of fishing nets in
real-time during fishing or shipboard activities, even when the
onboard electronic chart display is not visible.

Research has been conducted to develop electronic buoys that
utilize low-cost, non-toxic, and stable materials [7]. This system
proposes the use of non-toxic and stable low-cost materials in
electronic buoys, considering the marine environmental prob-
lems caused by toxicity of lithium and cobalt-based materials
found in batteries in electronic buoys. In addition, a current-
counting-based SBMS (Seawater Batteries Management System)
was introduced to identify the state of charge and discharge,
thereby significantly extending the lifespan of seawater batteries.

Research has been conducted and proposed on drifting buoys
capable of monitoring marine environmental information [8].
The focus of this research was to effectively configure a drifting
buoy system using a Lagrangian Drifter for marine environmen-
tal monitoring and optimized device development. In addition,
we developed a system to observe water temperature and salinity
as a fundamental survey element of the marine environment. We
also proposed a method for calibrating sensor gain to enhance

precision of measured data.

2.2 Status of Global Electronic Buoy

An electronic buoy monitoring system developed to track the
position of buoys by utilizing GNSS devices combined with In-
ternet of Things (loT) technology has been proposed [9]. The
name of this system is BMS (Buoy Monitoring System), and a
case study was conducted for all signals operating in the port of
Taranto. The system that has been developed is primarily de-
signed to ensure the safety of navigation and to continuously

measure signal conditions. All Signals proposed an loT-based
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method to collect and monitor maritime conditions, including
buoys, nautical markers, and beacons.

To address problems of meteorological and oceanographic
monitoring in the Adriatic Sea, an aluminum-plastic coated buoy
is proposed [10]. The system is specifically designed to ensure
reliable operation in the high waves and wind speeds that may
occur in the Adriatic Sea. What was also suggested is the intro-
duction of solar panels specifically designed to address buoy
power, to ensure continuous operation of the buoy's electronic
Sensors.

The problem of pollution in the marine environment was
noted, and a proposal was made to use an electronic buoy with
advanced sensors to detect oil spills [11]. The designed system
samples the air above water and generates data for classifying the
overall level of contamination detected. The study also sought to
tackle problems of classifying contamination levels from data

generated using two artificial neural networks.

3. System Design

3.1 Data Transmitter
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The electronic buoy transmitter for fishing nets utilizes a Low
Power Wide Area Network (LPWAN) module to communicate
with sensors and devices through Long Range (LoRa) transmis-
sion and reception technology. LPWAN is a wireless communi-
cation network technology primarily suited for long-distance and
low-power device communication, offering low-power, wide-
area communication [12].

LoRa transmission and reception technology use LoRa modu-
lation for data transmission and reception, facilitated by a LoRa
modem. This technology enables frequency spreading, multiple
access, low-power operation, and transmits data using frequency
modulation.

The electronic buoy transmitter for fishing nets enables low-
power data communication between sensors and devices, while
LoRa transmitting and receiving technology extends their cover-
age to a larger area. In addition, efficient data communication
with onboard receivers can be achieved by combining LPWAN
and LoRa technologies.

Sub-Ghz RF radio frequencies are used to optimize transmitter

RHT-639-0891
44IMHT SPRING ANTENNA

LPF

-‘ Lo

v

<

POWER
SWITCH

&l:
S

Praduct Name | Spring Antenna

Frequency : H42MHz

Antenna Gain | 1-2 a8

VSWR 15

Connector type : Soidering

Impecance : 5001

Wire Diameter : Dia 07-0.8mm

Antenna Size : Tid-TIGmmY(Totall x 4.6~ GmmiDia.}
Material : Copper Goid Plated)

Polarization : Vertical Polarizat

442175082
ZW(W-2.4W)

E0dBc
FID (F5K)

Figure 1: Block diagram of an electronic buoy transmitter for fishing net surveillance

Figure 1 shows a block diagram of a data transmitter. It col-
lects data via GNNS antennas and GNSS modules. GNSS refers
to a network of multiple satellites, including the Global Position-
ing System (GPS), which provide location and time information
around the world. The system provides various location infor-

mation of fishing gears with high accuracy and updates location

batteries. This provides the advantages of low power consump-
tion and long distance communication. Sub-GHz radio frequency
refers to the lower 1 GHz frequency band in wireless communi-
cations, and electronic buoys for monitoring fishing nets utilize
it to demonstrate several advantages such as low power con-

sumption, long-range communication, expandable networking
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capabilities, and cost-effectiveness.
Figure 2 depicts a block diagram of the power supply of an

electronic buoy transmitter.
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Figure 2: Block diagram of the power supply of an electronic

buoy transmitter

Low dropout (LDO) regulator is a type of linear voltage regu-
lator that maintains stable operation even when the input voltage
exceeds the output voltage. This allows for accurate voltage reg-
ulation while maintaining a stable output voltage with low varia-
tion. Low-dropout regulators generate less heat, making them
ideal for small and lightweight designs, such as electronic buoys.
Battery ICR18650-2S1P-3400mAh(7.2Vdc) is developed for

low power and extended operation.

3.2 Data Receiver

Figure 3 depicts an onboard block diagram data receiver.
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The data transmitted by transmitter communicates with a re-
ceiver onboard using a 442 Mhz frequency antenna. The 442 Mhz
frequency is a commonly used low frequency in wireless com-
munication. It is used to efficiently overcome obstacles and min-
imize power consumption [13]. These characteristics promote
long-range communication between transmitters and receivers,
ensuring an effective distance of communication between an-
tennas.

The received data is modulated using LoRa technology in
LPWANM1 and M2. RS-232 is a standard protocol and hardware
interface specification for serial communication, providing a
continuous transmission method of data bits [14]. This is com-
monly used as a standard for simple communication between ter-
minal devices, sensors, and computers.

The RS-232 interface is used in electronic buoys for monitor-
ing fishing nets to ensure reliable data transmission and enable
long-range communication with fewer wires. In addition, the RS-
232 has the advantage of being able to operate reliably in unfa-
vorable installation environments, such as fishing boats.

ST-Link, developed by STMicroelectronics, is an integrated
tool used for programming and debugging microprocessors and
microcontrollers [15]. The ST-Link enables users to monitor and
debug behaviors of a developed software in real-time. A program

developed using the ST-Link is used to display the data
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Figure 3: Block diagram of an electronic buoy receiver for fishing net surveillance
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transmitted by an electronic buoy for monitoring fishing nets.
Figure 4 depicts a block diagram of the power supply of an
electronic buoy receiver.
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Figure 4: Block diagram of the power supply of an electronic

buoy receiver

Line filters are connected in power circuits in electrical and
electronic devices to control and filter noise and electrical waves
[16]. The line filter removes noise from power entering circuits.
This improves the performance of an electronic buoy and helps
maintain electrical stability.

DC-DC Converter Isolation is used in power supply circuits
primarily for converting and isolating power between various
voltage levels [17]. This maintains an electrically isolated circuit
to prevent any noise or problems encountered during power con-
version from propagating to other parts of electronic buoys.
Maintaining isolation, especially particularly between high- and
low-voltage circuits, is crucial for protection of electronic buoys.

3.3 Format of Data
The type, size, and storage of the data received are shown in
Table 1.

Table 1: Format of Electronic Buoy Data

Type of data Data size Storing method
1D 22 hit Flash Memory
Latitude 24 bit Internal RAM
Longitude 24 bit Internal RAM
Battery level 2 hit Internal RAM
Check-Sum 8 bit Internal RAM

The types of data received are 1D, latitude, longitude, battery
level, and check-sum. Data is 10 bytes in size and consists of 22
bits of ID, 24 bits of latitude and longitude, 2 bits of battery level,
and 8 bits of check-sum. Data storage method is ID; important
data is stored in the internal flash memory, and other data is
stored in the internal RAM.

4. System Implementation and Experimenta-
tion
4.1 System Implementation

Based on the design, a transmitter and receiver of the

electronic buoy for monitoring fishing nets were developed. The
developed transmitter, shown in Figure 5, is waterproof and can
float on the sea surface. The average transmit power is 2 watts,
with arange of 1 to 2.4 watts. The occupied frequency bandwidth
is set to 8.5Khz or lower. The neighboring channel leakage power
is set to 60 Dbc or higher.

Figure 5: Electronic buoy transmitter device for monitoring fish-
ing nets

The developed receiver is shown in Figure 6. The receiver in
put voltage is DC24V. The receiving antenna is set to MRF120
C.

Figure 6: Electronic buoy receiver device for monitoring fishing

nets
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The data received from the developed electronic buoy for

monitoring fishing nets is shown in Figures 7(a) and 7(b).
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Figure 7: (a) Electronic buoy for monitoring fishing nets, (b)

Display for electronic buoy for monitoring fishing nets

4.2 System Experiment

Data loss rate is evaluated using the Received Signal Strength
Indicator (RSSI), which is a metric that measures strength of sig-
nal received in wireless communications. The signal quality is
typically expressed in dBm, and the higher it is, the better the
quality of the signal.
In the experiment, the size of RSSI sensitivity and transmits were
checked once per minute, and checks data for an hour to deter-
mine the amount of data transferred. This allows monitoring the
amount of data transmitted through wireless communication and
generating statistics. Figure 8 shows the data received. It stores
the buoy's ID, latitude and longitude, received signal strength,
and SNR. The buoy that transmits data is set at 35 kilometers, as

shown in Figure 9. At 35 kilometers, the maximum reception

Seong-Dae Lee

strength was measured to be -87 and the minimum reception
strength to be -106.

$GPRMC,000425 A 3453.072,N,12844.286,£,0.0,0.0,040822,,.4,0000023 R =-105,5=-18,3,0°20:
$GPRIMC,000430,4 3453 072 N, 12844 288 £,00,0.0,040822, A 00000233 = -87,5=-22,1,0"3A¢
$GPRIMC,000435,4 3453 071,N,12844 288 £,0.0,0.0,040222, A,0000023,2=-102,5=-15,2,024:
$GPRMC,000440,A, 3453 070,N, 12844 288,£,0.0,0.0,040922,,.4,0000023 R=-104,5=-13,3,0*2F«
$GPRIMC,000450,A 3453069, N,12844 288 £,0.0,0.0,040822, A, 0000023,R=-1055=-16,2,0°29:
$GPRIMC,000455,A 3453 069N, 12844 288 £,0.0,0.0,040222, A,0000023,2=-105,5=-17,3,0°2C:
$GPRIMC,000500,4 3453 069, N, 12844 288 £,0.0,0.0,040222, A,0000023,2=-105,5=-14,1,0°2C:
$GPRMC,000505,A 3453 069,N,12844 288, £.0.0,0.0040822,.A4,0000023 R =-106,5=-18,2.0°25:
$GPRIMC,000510,A 3453,069,M,12844 288 £,0.0,0,0,040822, A, 0000023,2=-1025=-18,3,0°24:
$GPRIMC,000520,A1610.764,N,11316.192,£,0.0,0.0,040822,, A, 01974153 =-105,5=-20,2 X*37-

$GPRMC,000545,A 3453.065,N,12844.288,£,0.0,0.0,040822 A 0000023 R=-106,5=-16,1,0"20¢

$GPRMC,000550,A,3453.065,N,12844.288,£,0.0,0.0,040922,,.A,0000023 R =-106,5=-15,2,0" 27

Figure 8: Receive data and server-stored data
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Figure 9: Buoy data transmission location

Comparative experiments were conducted on transmitting an-
tennas we built in order to increase a communication distance for

both transmission and reception in the 442Mhz band.
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Figure 10: Reception sensitivity by transmit antenna
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Figure 10 shows the reception sensitivity by transmit antenna
of the many antennas, antenna number 19 has the lowest sensi-
tivity, which is represented by -102. The antennas with the sec-
ond lowest sensitivity are numbers 6 and 18, which have sensi-
tivities of -110 and -111, respectively. The experimental results
demonstrate the difference in reception sensitivity among the an-
tennas, aiding in the selection of antennas for optimizing trans-

mission and reception distances in communication.

2o 22PCB +91nH 24PCB + 43nH 27PCB + 27nH
63mm -75.31 | 692 -6839 | -6473 | 7.23| -5750 | -69.03 | 7.03 | -6200
70mm 7513 | 91 -68.22 €258 | 77| -5487 | -6748 | 732 | -60.16
gomm | 7557 | 811 -6546 | -6158 | 7.08| -5450 | -6490 | 697 | -57.93
90mm | -7278 | 734 6544 6191 | 729| -5462 | -6381 | 828 | -5553
oomm | 7327 | B9 -6636 | -6314 | 807| -5507 | -61.38 | 718 | -542
10mm 6348 | 739 -561 5991 | 841 5150
120mm -59.84 | 838 | -5147

Figure 11: C4 reception sensitivity by antenna coil length

Figure 11 shows the results of an experiment where the length
of the C4 antenna coil was varied in order to enhance the com-
munication distance. The experiment utilized three antenna con-
figurations consisting of 22 PCB + 91 nH, 24 PCB + 43 nH, and
27 PCB + 27 nH, with reception sensitivity measured for each
antenna length. The reception sensitivity has the lowest value of
-65.44 at 22 PCB + 91 nH when the antenna is 90 mm long. When
the antenna is 24 PCB + 43 nH, and its length is 80 mm, the re-
ception sensitivity reaches its lowest value of -54.50. The recep-
tion sensitivity has the lowest value of -51.47 at 27PCB + 27nH
when the antenna is 120 mm long.

The experimental results demonstrate the impact of antenna
length on communication distance and indicate that optimal per-

formance is attained at a specific length.

5. Conclusion

The electronic buoy, developed throughout this research, mon-
itors the status and performance of fishing nets in real-time to
prevent indiscriminate capture of fish species and extend the life
of fishing nets. In addition, GPS and wireless communication
systems can be used to track the location and activity of fishing
nets, allowing for prompt action against illegal use of fishing
nets. Electronic buoys are considered essential tools in the fish-
ing industry with a positive impact in many ways, including im-
proving the efficiency of fishing nets, protecting the environ-
ment, preventing illegal activities, and increasing productivity.

For this reason, the development and introduction of electronic
buoys for monitoring fishing nets are expected to play a vital role
in enhancing sustainability of the fishing industry and conserving
fish stocks. Furthermore, the study addressed the limitations of
electronic buoys from previous research by incorporating a self-
made antenna into a transmitter, thereby reducing data loss rate
through experimental methods. Additionally, LoRa communica-
tion technology was implemented to optimize power usage and

extend the range.
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