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Abstract — Water hyacinth has become widespread in freshwater
bodies in several countries, leading to various issues, particularly its
substantial water consumption and the resulting need to control its
growth. Among the different methods of controlling water hyacinth,
mechanical control stands out as the most effective and
environmentally friendly approach. A proposed harvester robot has
been developed, capable of efficiently cutting and collecting water
hyacinth from the water's surface. The robot boasts several
advantages, including its ability to operate in narrow water paths and
lakes, use clean energy sources to preserve the water ecology, employ
a GPS module for safety and error detection, and generate maps for
evaluating work and predicting annual growth. When compared to
other technologies dealing with water hyacinth, this innovative water
hyacinth harvesting robot presents a significantly lower cost of 0.01
$/kg, making it an optimal solution for addressing water hyacinth
problems.

Keywords— Water hyacinth, aquatic weed control,
mechanical aquatic weed removal, water hyacinth harvester,
water sustainability.

I.  INTRODUCTION

One of the most significant challenges in water bodies located
in tropical and subtropical regions is the presence of large
masses of the floating aquatic weed Eichhornia Crassipes,
known as Water Hyacinth. This weed was first reported in the
Egyptian region during the late 1800s. Today, it poses
numerous problems in rivers, lakes, irrigation canals, and
agricultural drainage networks, particularly in the River Nile
region after the construction of the Aswan High Dam [1].
Water hyacinth is notorious for its high water consumption
rate. In various climate conditions, it exhibits an
evapotranspiration rate 3.2 to 3.7 times greater than the
normal evaporation rate of the water surface[2]. This becomes
a major concern, especially in water-scarce situations in
Egypt. While the total area covered by water hyacinth in
Egypt remains unpublished, estimated figures suggest
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coverage of approximately 487 km? in irrigation and drainage
network canals and about 151 km? in lakes, resulting in a loss
of 3.5 Gm’® of water [3]. The consequences of water hyacinth
proliferation are far-reaching, including obstructing water
transportation, affecting water supply systems, and
hydropower, leading to water floods by blocking water flows,
impacting biodiversity, consuming excessive water oxygen,
fostering the growth of pests and vectors, and adversely
affecting fish populations [4], [5].

Water hyacinth exhibits rapid and extensive growth
capabilities. For instance, within just 50 days, a single plantlet
with specific dimensions can expand and generate numerous
offsets. If left unchecked, this plant can lead to disastrous
effects, covering vast areas in water bodies like Lake Nasser
with a staggering number of new offsets [6], [7]. Its swift
reproduction causes it to form extensive mats that cover the
water's surface, blocking sunlight from reaching other aquatic
plants and leading to decay and oxygen depletion, ultimately
harming pond creatures [8]-[10]. As a result, this invasive
species has become a grave concern in many countries
worldwide, spreading from the American tropics and now
widely distributed in tropical and subtropical regions, occupying
water systems such as lakes, ponds, canals, and rivers. Water
hyacinth is characterized by its lavender-purple blossoms and
glossy, rounded green leaves, and it floats freely due to a
buoyant structure near its base [3], [8], [11] as shown in Fig.1.
Eichhornia crassipes is found in various regions globally,
thriving in tropical and subtropical climates, and even expanding
into Mediterranean climate zones [12]-[14] as shown in Fig.2.

135



Fig. 1. Morphological description of not matured water hyacinth (photo by
Lin Shang 2015)
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Fig. 2. Eichhormia crassipes distribution in the world

A. Herbicide control

In South Africa, herbicide application stands as the primary
approach to control Water Hyacinth. Despite its rapid action and
efficacy, achieving comprehensive control requires a sustained
commitment, involving regular follow-up applications for two
decades or more. Water Hyacinth exhibits high susceptibility to
herbicides like 2,4-D, diquat, paraquat, and glyphosate, making
them effective in managing this invasive species in smaller
water systems like irrigation canals and dams covering
approximately one hectare in size [15].

B. Biological control

Plants like Water Hyacinth exhibit exponential growth and
expansion, partly because their original habitats lack natural
enemies like browsers or pathogens. To address this issue,
biological control, or biocontrol, involves introducing these
natural enemies to curtail the plant's competitive advantage and
reduce its vitality to a level comparable to that of the native
vegetation. Commonly employed biocontrol agents include
insects, mites, or pathogens like fungi or bacteria, which
specifically target various plant organs, including leaves, stems,
roots, flowers, fruits, or seeds [16].

The project's objectives include developing an intelligent
cleaning robot with a hybrid driving system capable of
performing underwater rhizome cutting, gathering aquatic
plants, compression, and facilitating land-water circulation.
Additionally, the robot will be equipped with intelligent
navigation capabilities to maneuver in confined spaces, and river
data will be linked to specific locations through geographical
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information system (GIS) modeling. Lastly, the intelligent
cleaning robot group will be controlled for large-scale, multi-
point data collection, and water quality evaluation, with the
operation centralized on a cloud network.

C. Mechanical control

Utilizing mechanical control methods is an eco-
friendly means of removing water hyacinth, offering the added
benefit of using the harvested plants as biomass for various
applications [7], [17]. Mechanical techniques involve both
manual labor and machinery to harvest aquatic weeds.

Mechanical control (manually):

This approach is controlling water hyacinth through
manual extraction, which consists of removing the weeds from
small lakes or canals by draining the water and using nets, hands,
or rakes for retrieval. Another option is to pull the weeds
manually from the water surface. However, this method is only
practical for small water bodies and proves ineffective for larger
ones. It demands considerable labor and carries risks associated
with exposure to harmful microorganisms like bilharzia and
potential encounters with crocodiles. Moreover, handling the
harvested weeds poses transportation challenges [4].
Researchers have also developed a tool to aid in the manual
control of water hyacinths, as described in [18].

Mechanical control (using machines):

This method for controlling water hyacinth is regarded as
costly, as it necessitates the use of large machines like mowers,
crusher boats, destruction boat dredgers, and weed harvesters,
along with bulldozers, conveyors, and trucks for transportation.
However, this technique may not be adequate for managing
extensive infestations [4], [19]. In some scenarios, these
machines can effectively clear pathways for boats to apply
herbicides.

Recently, researchers have been exploring the concept of
robotic harvesters as a mechanical solution to control the growth
of aquatic weeds [20], [21]. Previous investigations have led to
the development of constructions for wheeled harvesters,
tracked harvesters, brush cutter heads, and sand-fixing
equipment. Additionally, controlling systems based on cloud
network technology with the global positioning system (GPS)
and the BeiDou navigation satellite system (BDS) have been
implemented, enabling robots to collaborate and perform
functions like data collection in desert and forest areas [22]—
[24]. The integrated design of an autonomous robot showcased
in this study demonstrates its capability to control water
hyacinths and collect GIS data for scanned river basins. The
proposed design incorporates innovative and unique
mechanisms [25]-[27]. The primary goals of water hyacinth
harvesters are to enhance aquatic habitats' functionality and
health, while also providing economic and societal benefits.

This paper introduces a mechanical robot known as the
aquatic weed robot-harvester, or water mower, mowing boat,
and weed-cutting boat. Its purpose is to manage inland
watercourses by cutting and harvesting underwater weeds,
reeds, and other aquatic plant life. The robot operates on solar



energy during the daytime, eliminating the need for external
power sources. With its small size and submersible depth, the
robot can navigate narrow watercourses and perform water
sample analysis, facilitating informed decisions regarding water
quality management, particularly in lakes affected by sewage
leakage.

II.

A catamaran hull is a watercraft design characterized by
having two parallel hulls or pontoons, unlike the single hull seen
in conventional boats. These two hulls are usually connected by
a platform or bridge, offering several benefits compared to
monohull boats, including enhanced stability, speed, and
maneuverability as shown in Fig.3.

ROBOT DESIGN APPROACH

Fig. 3. Full design of water hyacinth robot

A. Maneuvering of water hyacinth harvester robot

Following the aforementioned characteristics, the hull was
developed. The buoyancy equation, which relates an object's
essential dimensions to its light displacement, must be
thoroughly considered during the preliminary design phase.

Ly. B.T.Cp. p=LTD+DWT )
Displacement

The weight of water displaced by the boat is presented in

Eq.2.

LTD or D=0.6 L;;!**. B3, T0¢7 @

Prismatic Coefficient
a measure of how much the boat's shape deviates from that of
a rectangular prism (calculated from Eq.3).

v
C, =
PAsL

3)

Displacement to Length Ratio %

the ratio of the weight of the boat to the weight of water
displaced by the boat (Eq.4).

_D_
2.240
(0.01*LWL)3

D
L

4)
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Sail Area to Displacement Ratio %

a measure of the boat's sailing performance relative to its
weight (Eq.5).

SA_ SA

> 2 (%)

Py
Capsize Screening Formula:
a measure of a boat's susceptibility to capsizing calculated
from Eq.6.

B
Cap= T (6)

(])/64,2)j
The angle of Vanishing Stability AVS

the angle at which the boat's stability is lost and it capsizes
(Eq.7).

B 400

AVS =110+ 20 )
B2

S8V = BR*DCB*3/D ®)

Ballast to Displacement Ratio

the ratio of the weight of the ballast to the weight of water

displaced by the boat (Eq.9).
BR = %100 9)

Hull Speed:

the maximum speed the boat can travel based on its waterline
length (Eq.10).

1.34

Hull Speed = W

(10)

B. Force analysis of the water hyacinth harvester robot is
shown in Fig.4.

Total reaction forces
Fb: Bouyancy

Fig. 4. Force analysis on water hyacinth robot
Buoyancy force in the upward direction given in Eq.11.
F,=pVg (11)

The weight of robot force in the downward direction is
calculated from Eq.12.

W=m.g (12)



The weed reaction force on the robot affects in belt direction.

Apply Newton's 2" law on the belt conveyor in Eq.13.

mi= Y f, (13)
mx=f, +fz+fi+mg sinf (14)
Where:
szkx
fB=b X
4A
fi= 0= (15)
Dy
Vb= O)(t) 7 (16)
. » Dp
X= 6(0 7 (17)
Fr= ftight+ fsla(:k (1 8)
fighe= 1.123f 0+ 120 (19)
Tight _ ouo
flack e” (20)

The power consumption for belt operation in Eq. 21.

f

tight+ fotack) v

p=( 2y

Maximum capacity of conveyor (M) in Eq.22.
M =pQ = pk (0.9B-0.05)* x v(22)

Productivity of water hyacinth harvester after shredding and
compressing in ballets calculated from Eq.23.

Pro= Vpal'ppal' t (23)

III. OPERATION AND METHODOLOGY

An autonomous water hyacinth harvester's maneuvering
system typically consists of a mix of sensors, control systems,
and propulsion components. The sensors serve the purpose of
guiding the harvester through water and detecting the presence
of water hyacinth. Propulsion mechanisms receive instructions
from the control systems, based on sensor data, and enable the
harvester to move in the desired direction. Depending on the
harvester's design, various propulsion systems may be integrated
into an automatic water hyacinth harvester. However,
controlling such a harvester can be challenging due to the
unpredictable nature of water bodies and potential obstacles.
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The harvester must navigate through tight channels, past
obstructions, and in shallow water without getting stuck or
causing harm to the environment. These complexities need to be
taken into account during the harvester's design to ensure
effective and secure operation. Aspects like the harvester's size,
shape, propulsion system speed, and steering algorithms play
crucial roles in determining its maneuverability. For instance, a
smaller harvester may exhibit better agility and maneuverability
in confined spaces, but it might have limitations in its ability to
collect a large quantity of water hyacinth. Additionally, the
propulsion system's speed can also influence the harvester's
maneuverability. To facilitate smoother movement of the motor
and conveyor system, multiple rollers are utilized between the
motor and the cutters, as well as the side cutters. These rollers
serve as connectors, allowing various components to move
together seamlessly. By connecting the rollers, continuous
motion is achieved, effectively transferring the motor's
rotational action to the cutters and side cutters. This connection
mechanism is vital for the successful chopping and processing
of water hyacinth. The complete flow chart of the water hyacinth
harvesting robot is shown in Fig.5.
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Fig. 5. Flow chart of water hyacinth harvesting robot.



A. Simulation of water hyacinth harvester robot

This study uses MATLAB Simulink Multibody to simulate
and analyze a water hyacinth boat machine. Before the machine
is physically implemented in the actual world, the goal is to
assess the benefits of simulation. The simulation helps in the
design and optimization process by giving a thorough
understanding of the machine's performance, behavior, and
effectiveness. The general block diagram and Multibody
simulation for the robot motor and mechanism are shown in
Fig.6, and 7. Comprehensive analysis is possible due to the
automated and random nature of the simulation procedure. The
ability to choose which revolute joints you want to alter and
choose the ideal starting circumstances.

Controll

Rob: i

W Ci)sler o

Foto: molor centol

.....
nnnnnnn

Fig. 7. Multibody simulation for robot motor and mechanism

B. Control system

At the core of the system, there is a microcontroller that
functions on a 9-volt DC power source, as shown in Fig. 8 which
supplies 3.3 volts to the GPS module and the Xbee (sender)
module, while the transducer receives 5 volts. The
microcontroller receives electrical signals containing obstacle
data from the transducer and position coordinates from the GPS
module. The Xbee module serves the purpose of creating a radio
link between the microcontroller and the PC. For data collection
and monitoring, LabView will be employed on the computer to
process the received data.
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Fig. 8. Wiring diagram for harvesting robot maneuvering control

C. The proposed water hyacinth harvester robot's cost
analysis:

The feasibility assessment for the proposed water hyacinth
harvesting robot includes evaluating the boat, harvesting
mechanism, power supply unit, and control unit. Estimated
operational and maintenance costs are approximately 20% and
30%, respectively. The feasibility equations provided below
[28], [29] are utilized to calculate the productivity cost of the
suggested harvesting robot.

Fixed cost of the system (co)

The proposed system's fixed cost (Co) includes the expenses
associated with the boat, harvesting mechanism, power supply
unit, and control unit, amounting to $10,000.

Annual Operating Cost (Ac)

The annual running costs (Ac) encompass operation costs,
set at 20% of the fixed cost, and maintenance costs, estimated to
be 30% of the initial investment. The fuel, however, is provided
free of charge. Labor and other miscellaneous expenses were not
taken into account.

Capital recovery factor (CRF)

The annualized value, equivalent to the initial investment,
was calculated using Eq.23: where (d) denotes the discount rate
setat 12% in the current analysis. The discount rate allows future
cash flows to be adjusted to their present value. The estimated
life of the system components (L) is 20 years.

_da+t

CRF= (1+d)L-1

(23)

where (d) denotes the discount rate set at 12% in the current
analysis. The discount rate allows future cash flows to be
adjusted to their present value. The estimated life of the system
components (L) is 20 years.

Annual life cycle cost (ALCC)

The present value of all expenses incurred over the proposed
hyacinth harvester robot's lifespan was obtained by adding the
present value of the annual expenditure to the initial investment,
utilizing Eq. 24 to calculate ALCC.

ALCC=(CoxCRF)+Ac (24)
Annual productivity (Ap)

To determine the annual hyacinth productivity (Ap), the
daily productivity (the number of operation days per year) was
multiplied by the number of operation days per year.

Hyacinth productivity costs (c)



Eq.25 was used to calculate the cost of hyacinth productivity.
C=ALCC/A, (25)

IV. RESULTS

Force and productivity analysis:

The outcomes of the study demonstrate the effectiveness of
the proposed robot in handling water hyacinth and performing
successful harvesting. The robot's key specifications are as
follows: dimensions of 120 * 100 * 200 cm, a speed of 0.5 m/s,
an hourly coverage area of 10,000 m?, an average density of 96
kg/m? for water hyacinth, and pallet dimensions of 50 * 70 * 30
cm. Figure 9 shows a comprehensive view of the water hyacinth
boat machine's overall load, along with the distribution of forces,
loads, and torques acting on the motor, is presented. This
illustration sheds light on the forces' size and direction affecting
different components.

Fig. 9. Forces distribution for harvesting robot

During the initial startup, the motor faces a substantial load,
potentially higher than the constant loads during regular
operation. As the machine runs, the motor and other vital
components bear continuous loads. The diagram also reveals the
load and force distribution across various joints and sections,
which helps identify areas where reinforcement may be required
to maintain the structure's integrity and pinpoint potential stress
concentration points.

The results of the robot's operation and the total productivity
of the harvested water hyacinth are shown in Table 1.
Considering the proposed robot's operational schedule of 300
days per year and factoring in all relevant aspects, it can be
concluded that the robot is capable of harvesting approximately
5,115 kg of wet hyacinth daily or about 409 kg of dewatered
compressed hyacinth daily. The estimated production cost for
dewatered hyacinth is approximately 0.0106 $/kg, making it a
viable resource for supplying pharmaceutical, fertilizer,
cosmetics, biomass, and other manufacturing plants.

Table 1. The water hyacinth harvested result.

Time | Area coverage | Robot Harvested weight
(hr) (m2) speed (m/s) | (Kg)
4 1100 0.5 3650
6 1700 0.5 5115
8 2100 0.5 6750
10 2600 0.5 8000

The following are the benefits of the proposed water hyacinth
harvesting technique:

In the following ways, the proposed harvesting technique
outperforms other types of harvesting:
Simplicity

The suggested water hyacinth harvesting strategy involves a
basic robot powered by a single motor, utilizing a set of
uncomplicated parts that can be easily disassembled, installed,
and maintained.

Multifunctional

Furthermore, besides its main function of harvesting water
hyacinth, the robot can be employed for water purification,
removing various crops and suspended impurities from
waterways, and monitoring different sections of water bodies.

Environmentally friendly

The suggested system operates without the use of fossil
fuels, produces no emissions, and does not include any
hazardous or environmentally harmful components, thereby
presenting an eco-friendly solution for water hyacinth
harvesting.

Efficacy of disinfection

In contrast to conventional methods, the proposed robot
performs flower separation and collection during the harvesting
process, effectively minimizing the chances of water hyacinth
regrowth.

V. CONCLUSION

The proposed robot is highly adaptable, functioning
effectively in diverse aquatic environments like rivers, canals,
seas, or bays, regardless of their width. This versatility enables
the robot to operate in confined spaces, stagnant waters, and
even remote and challenging locations. Operating at a speed of
0.5 m/s with a belt velocity of 2 m/s, the suggested water
hyacinth harvester robot demonstrates impressive potential. It
distinguishes itself from alternative water hyacinth control
methods through its cost-effectiveness, boasting a low
productivity cost of $0.01 per kilogram of harvested water
hyacinth, surpassing the rates of other technologies.
Furthermore, the robot excels in efficiency, reliability,
performance stability, ease of deployment, and environmental
sustainability.

SYMBOLS AND ABBREVIATIONS:

Ly: hull length

B: beam

DCBorT: draft

Cp: Prismatic Coefficient

LTD or D: light displacement or displacement
DWT: deadweight

LwL" length of the boat at the waterline
AVS: Angle of vanishing stability
SSv: Screening stability value

BR: Ballast ratio

DV: displaced volume

V: The immersed volume of the hull
A: The maximum cross-section area
L: The waterline length
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Capsize Screening Factor
angle of wrap
coefficient of friction

REFERENCES

L. Navarro and G. Phiri, Eds., Water hyacinth in Africa
and the Middle East: A survey of problems and
solutions. Ottawa: International Development Research
Centre, 2000.

R. Van Der Weert and G. E. Kamerling,
“Evapotranspiration of water hyacinth (Eichhornia
crassipes),” J. Hydrol., vol. 22, no. 3-4, pp. 201-212,
1974.

Y. H. Fayad, A. A. Ibrahim, A. A. El-Zoghby, and F. F.
Shalaby, “Ongoing Activities in the Biological Control
of Water Hyacinth in Egypt,” in Biological and
Integrated Control of Water Hyacinth, Eichhornia
crassipes: Proceedings of the Second Meeting of the
Global Working Group for the Biological and
Integrated Control of Water Hyacinth, Beijing, China,
9—12 October 2000, 2001, vol. 102, pp. 43—46.

N. Mujere, “Water hyacinth: Characteristics, problems,
control options, and beneficial uses,” in Impact of
Water Pollution on Human Health and Environmental
Sustainability, no. January 2015, 2015, pp. 346-364.

M. Fawad and A. Jamal, “Water Hyacinth: Utilization
and Impact on Biodiversity,” Black Sea J. Agric., vol.
2,no. 1, pp. 58-62, 2019.

K. H. Batanouny and A. M. El-Fiky, “The water
hyacinth (Eichhornia crassipes solms) in the Nile
system, Egypt,” Aquat. Bot., vol. 1, no. C, pp. 243-252,
1975.

S. H. Yan, W. Song, and J. Y. Guo, “Advances in
management and utilization of invasive water hyacinth
(Eichhornia crassipes) in aquatic ecosystems—a
review,” Crit. Rev. Biotechnol., vol. 37, no. 2, pp. 218—
228,2017.

J. Lu, J. Wu, Z. Fu, and L. Zhu, “Water Hyacinth in
China: A Sustainability Science-Based Management
Framework,” Environ. Manag. 2007 406, vol. 40, no.
6, pp- 823-830, Sep. 2007.

S. Prasetyo, S. Anggoro, and T. R. Soeprobowati,
“Water hyacinth Eichhornia crassipes (Mart) Solms
management in Rawapening Lake, Central Java,”
AACL Bioflux, vol. 15, no. 1, pp. 532-543,2022.

B. Getnet, E. Id, W. Worie, A. Id, and A. Gezie,
“Socioeconomic effects of water hyacinth (Echhornia
Crassipes) in Lake Tana, North Western Ethiopia,”
PLoS One, p. 21, 2020.

A. MAULIDYNA et al, “Economic impacts of the
invasive species water hyacinth (Eichhornia crassipes):

141

[15]

[16]

[17]

[20]

[21]

[22]

Case study of Rawapening Lake, Central Java,
Indonesia,” Int. J. Bonorowo Wetl.,vol. 11, no. 1,2021.

M. O. O. Pellegrini, C. N. Horn, and R. F. Almeida,
“Total evidence phylogeny of Pontederiaceae
(Commelinales) sheds light on the necessity of its
recircumscription and synopsis of Pontederia L.,”
PhytoKeys, no. 108, p. 25, 2018.

J. Coetzee, M. Hill, A. Hurtado, C. Laranjeira, M.
Nang’alelwa, and T. R. Téllez, “Report of a Pest Risk
Analysis,” 2008.

J. LU, Z. FU, and Z. YIN, “Performance of a water
hyacinth (Eichhornia crassipes) system in the treatment
of wastewater from a duck farm and the effects of using
water hyacinth as duck feed,” J. Environ. Sci., vol. 20,
no. 5, pp. 513-519, 2008.

M. J. Byrne et al., “Integrated management of water
hyacinth in South Africa: management plan for Water
Hyacinth control, combining biological control,
herbicidal control and nutrient control, tailored to the
climatic regions of South Africa.,” Water Research
Commission, South Africa: Gezina, 2010.

M. P. Hill and T. Olckers, “Biological Control
Initiatives against Water Hyacinth in South Africa:
Constraining Factors, Success and New Courses of
Action,” in Biological and Integrated Control of Water
Hyacinth, Eichhornia crassipes: Proceedings of the
Second Meeting of the Global Working Group for the
Biological and Integrated Control of Water Hyacinth,
Beijing, China, 9-12 October 2000, 2001, pp. 33-38.

G. K. Gaurav, T. Mehmood, L. Cheng, J. J. Klemes,
and D. K. Shrivastava, “Water hyacinth as a biomass:
A review,” J. Clean. Prod., vol. 277, p. 122214, Dec.
2020.

M. R. Zoolfakar and I. I. Chacha, “A Water Hyacinth
Harvester,” in Advanced Engineering for Processes
and Technologies, vol. 102, A. Ismail, M. Husaini, and
A. Bakar, Eds. Springer, 2021, pp. 193-207.

N. J. Waltham, M. Pyott, C. Buelow, and L. Wearne,
“Mechanical harvester removes invasive aquatic weeds
to restore water quality and fish habitat values on the
Burdekin floodplain,” Ecol. Manag. Restor., vol. 21,
no. 3, pp. 187-197, 2020.

E. Tudor, M.-G. Matache, V. Ionut, I.-C. Sburlan, and
V. Stefan, “Automation and remote control of an
aquatic harvester electric vehicle,” Sustainability, vol.
14, no. 6360, 2022.

M. Matur, I. Bhavi, and S. Lingappa, “Development Of
Low Cost Miniature Weed Harvester To Control Water
Hyacinth,” Volatiles Essent. Oils, vol. 8, no. 6, pp.
1203-1212, 2021.

H. Yuan et al., “Evaluation of Smart environmental
protection systems and novel UV-oriented solution for



(23]

[24]

[25]

[26]

integration, resilience, inclusiveness and
sustainability,” in 2020 5th International Conference
on Universal Village (UV), 2020, pp. 1-77.

S. S. Nair, A. P. Sudheer, and M. L. Joy, “Design and
fabrication of river cleaning robot,” in Proceedings of
the Advances in Robotics 2019, 2019, pp. 1-8.

C. N. Nguyen, T. N. L. Le, V. D. Nguyen, T. P. Tran,
and T. T. Nguyen, “A Study on Localization of Floating
Aquaculture Sludge Collecting Robot,” in Advances in

Asian Mechanism and Machine Science: Proceedings
of IFToMM Asian MMS 2021 6, 2022, pp. 512-518.

J. Zhu, Y. Yang, and Y. Cheng, “SMURF: A Fully
Autonomous Water Surface Cleaning Robot with A
Novel Coverage Path Planning Method,” J. Mar. Sci.
Eng., vol. 10, no. 11, p. 1620, 2022.

D. Park et al., “Autonomous Cleaning System Using
Manipulator for Niche Area of Ship Hull: A
Preliminary Study,” IFAC-PapersOnLine, vol. 55, no.

142

(28]

31, pp. 216-221, 2022.

A. Sinha, P. Bhardwaj, B. Vaibhav, and N.
Mohommad, ‘“Research and development of Ro-boat:
an autonomous river cleaning robot,” in Intelligent
Robots and Computer Vision XXXI: Algorithms and
Techniques, 2014, vol. 9025, pp. 195-202.

K. H. Motwani, S. V Jain, and R. N. Patel, “Cost
analysis of pump as turbine for pico hydropower
plants—a case study,” Procedia Eng., vol. 51, pp. 721—
726,2013.

Ahmed , M.E., Abdellatif, M.A., Attia, A.A.A. et
al., “Evaluation of small hydropower turbines installed
downstream of Nile River branches (Egypt),” Sci.
Rep., vol. 13, 10.15061, 2023.


https://www.researchgate.net/publication/374875687

