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Abstract

The vitality of aquatic ecosystems is essential for biodiversity, water
quality, and comprehensive environmental sustainability. However,
exploring underwater environment poses many challenges due limited
accessibility, and the high expense of monitoring equipment.
Nowadays, ROVs has emerged as a viable solution that provides a cost-
efficient and customizable method, facilitating the swift creation and
deployment of lightweight, high-performance vehicles designed for
specific monitoring purposes. Nevertheless, designing ROVS involves
optimizing hydrodynamic efficiency through streamlined shapes and
propeller designs. The design, material selection, and thruster system
of ROVs are crucial for their performance, durability, and operational
effectiveness in underwater environments. This work integrates the
ROV control module with custom 3D printing design which is name as
‘3DSeaProbe’. The ABS Glass Fiber filament is used in 3D printing which
enhances the material's properties, making it more rigid and robust.
Six-thruster configuration is employed for the ROV manoeuvrability
capability. The 3DSeaProbe can reach depth and manoeuvre up to 50
meters and is able to be used in a range of underwater applications,
surveillance, operations, maintenance, and measurement.

1. Introduction

Remotely operated vehicles (ROVs) are unmanned, tethered underwater vehicles with a neutrally buoyant
umbilical cable that is controlled from the surface. Generally, the depth of operation ranges from 200 to 11,000 m
and is typically used in the exploration and mapping of underwater environments. In this work, designing the
3DseaProbe ROV involves optimizing hydrodynamic efficiency through streamlined shapes and propeller designs
custom for underwater environmental monitoring, such as lakes and ponds. The environment selected is a shallow
freshwater environment, which is crucial for providing safe drinking water, supporting agriculture, industry, and
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ecosystem conservation. The process includes selecting materials with high yield strength to maintain structural
reliability in challenging underwater environments [1].

For portability and lightweight 3DSeaProbe, the power systems need to be efficient, considering factors such
as propulsion, instrumentation, and communication [2]. Sensor integration and arrangement are crucial,
necessitating the application of sensor fusion techniques to combine data from multiple sources.

Buoyancy and motion control need to be aligned to ensure 3DSeaProbe stability and efficient navigation.
Tether management is a key consideration for minimizing drag, preventing entanglements, and enhancing the
overall durability of the design ROV [3-4]. Designing for varying operational depths involves considering
hydrostatic pressure, where the design must accommodate changing pressure conditions [5].

This work integrates the ROV control module with a custom 3D design. However, when designing an ROV, it
must be hydrodynamically efficient [6]. The ROV should have a smooth, streamlined shape and utilize thrusters
that are powerful enough to propel the ROV through the water at the desired speed. It is essential to note that
modifying the ROV's design or construction may impact other aspects of its performance, such as speed, payload
capacity, or range. It is important to carefully consider all the factors involved before designing 3DSeaProbe [7]-
[8]. Thus, calibration of the navigation control module and sensors is necessary to improve the performance of
ROVs [9]. Finding a fine balance between weight and power is certainly not an easy task. The underwater thruster
and navigation control module are crucial for achieving the desired navigation performance [10]-[11].

2. Methodology

This new ROV design takes into account the portability and shallow underwater constraints of lakes and ponds.
The overall design of the proposed ROVs has been based on study consideration in terms of structure designs,
materials, and maneuverability performance [12].

The design consists of six thrusters that enable the desired motion control of five degrees of Freedom, such
as translational motion (surge, sway, heave) and rotational motion (yaw & pitch). Additionally, the theoretical
underpinnings applied in the design and structures of the ROV 6 thruster represent effectiveness in energy use
and versatility in a variety of operational. Leverages existing developments in autonomy to allow ROVs to adapt
nimbly to instantaneous environmental changes. This consideration is complemented by the way remotely
operated vehicles (ROVs) achieve an integrated combination of multi-directional forces to move through currents
and barriers, as discussed in [13]. Figure 1 illustrates the 3DSeaProbe, a 3D Design Created using Fusion 360
software.

(9 (d)
Fig. 1 3DSeaProbe: 3D Design using Fusion 360 software (a) Isometric view; (b) Top; (c) Back; (d) Side
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The buoyant force (Fb) acting on the ROV is essential for maintaining neutral buoyancy underwater. This force
is determined by the formula

Fb:pwater -8 'Vdisplaced (1)

where is the density of water, is the acceleration due to gravity, and is the volume of water displaced by the
ROV. Achieving neutral buoyancy ensures that the ROV hovers at a specific depth, remaining stable and controlled
without sinking or rising, thereby facilitating stable and controlled operations. The tension in the tether (T)
connecting the ROV to the surface is determined by

T=+T¢ +W? (2)

This equation considers the tension in the tether (Tt) and the weight of the ROV (W). Maintaining optimal
tension is critical for stable communication, power transmission, and overall control of the ROV during
underwater operations.

The ROVs consist of an electronic part inside the acrylic cylinder that will secure all the electronic components
inside it from any possibility of danger that could happen during the operation of the ROVs. The use of ABS Glass
Fiber filament for the fabrication of the ROV body is a strategic choice due to its strength and durability [11]. The
specified printing temperature and speed parameters are crucial for achieving optimal results in terms of both
structural integrity and printing quality.

This is particularly important for applications such as ROVs, where the vehicle must withstand the pressures
and conditions of underwater environments. The recommended printing temperature of 250 °C, which is based
on the type of filament and printer conditions [14]. In our work, we used the Elegoo Neptune 3 Max FDM 3D
printer. The speed of printing, ranging from 50 mm/s to 80 mm/s, is another critical parameter. The printing
speed affects the quality of the printed object. Higher speeds may lead to decreased layer adhesion and
compromise the structural integrity of the printed part, while lower speeds might result in better detail and
adhesion. The fully assembled ROV is shown in Figure 2, featuring an integrated sensor module, control system,
battery, and tether.

(b)
Fig. 2 Prototype of 3DSeaProbe (a) Full design; (b) Buoyancy level

Table 1 shows the specifications for the 3DSeaProbe ROV. The 3DSeaProbe is with dimensions of 310 mm x
340 mm x 100 mm (expanding to 130 mm in height with sonar module) and a weight of 3.3 kg, features a six-
thruster configuration for precise maneuverability, powered by 12V Lithium lon batteries, and equipped with
advanced navigation and sensory systems, including a Pix Hawk 4 control system, Pi 4 companion computer, an
8-megapixel Pi Cam V2, multiple IMUs, depth/pressure sensors, and a Bluerobotic Ping Sonar for altimeter and
echosounder functionalities, ensuring optimal performance at speeds up to 2 m/s with a 0.5-hour endurance at 1
m/s.
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Table 1 Overall ROV specification (3DSeaProbe)

Features Specification

Dimension 310 mm (L) x 340 mm (W) x 100 mm (H): 130mm
(H) with sonar

Weight (air) 3.3Kg

Speed 0-2m/s

Endurance 0.5 hours @ 1 m/s

Watertight enclosure
Diameter

Watertight Enclosure Inner
Length

Battery Connector

Memory

Power Supply

Main Control System
Companion computer
Camera

Inertial Navigation System
Module

Depth/Pressure/Temperature

Sensor

Thruster
Electronic Speed Controller

Echo Sounder
Lights

Tether

Outer 90 mm
Inner 80 mm
230mm

XT30
SD Card 8 GB
12V Lithium-Ion Batteries (35S 2P) / 6000mAH
Pix Hawk 4
Pi 4 (Laptop communication module)
Pi Cam V2
8-megapixel resolution, CSI, Serial Interface
Horizontal FOV: 62.2 degrees
Vertical FOV: 48.8 degrees

MPU6000 (6-axis IMU)
L3GD20H (3-axis gyroscope)
LSM303D (6-axis IMU)
Honeywell HMC5883L Three Axis Compass IC
IST8310- 3-axis digital magnetometer

MS5611 Barometer - Pressure sensor/temperature
sensor for altitude measurements

Bar30 High-Resolution 300m Depth/Pressure
Sensor

Current and voltage sensing

Brushless 970 KV (6 unit)
Trust 1.4 kgf/unit
Bluerobotic Basic 30A ESC
Bluerobotic Ping Sonar Altimeter and Echosounder
4-unit x 23 mm diameter x 90 lumens, 12 v
Light beam angle 130 degrees
LED controller 20 A

5 mm Diameter
50-meter Length

Figure 3 shows a block diagram of 3DSeaProbe. The integration and placement of all devices, including the
vent hole and power module, must be well-balanced to ensure buoyancy capability, stability, and freedom from
water leakage [15-17]. Not only that, but the calibration of all readings and sensor placement must be carefully
decided to ensure the reliability of the recorded data, which may be affected by vibration from thrusters,
electromagnetic interference, and acoustic noise.
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INPUT OUTPUT
/Vector control (Left/right/ front / back)
Laptop
(Joystick) ‘ ESC ‘ ‘ Brusless Motor ‘
‘ ESC ‘ ‘ Brusless Motor ‘
] Controller Pixhawk
Camera  |—» RAspbemy Pi3 . (builtin IMU, ‘ ESC ‘ ‘ Brusless Motor ‘
B+ Compass,
Barometer, SD et ‘ ESC ‘ ‘ Brusless Motor ‘
Depth sensor Card, RGB LED) N
Echosounder Pixhawk PX4 ‘ ESC ‘ ‘ Brusless Motor ‘
GPS/Compass ‘ ESC ‘ ‘ Brusless Motor ‘
Neo VBN Merge / submerged
4 LED Buzzer

Power module Unit
(connected to Rpi, Pixhawk, ESC)

Fig. 3 3DSeaProbe block diagram

Buoyancy calibration is necessary for variations in water density across different water bodies; therefore, it
is a good practice to have an adjustable ballast weight near the center of mass for balance.

3. Results and Discussion

The 3DSeaProbe is equipped with six thrusters, enabling precise underwater maneuverability. This configuration
allows the ROV to move forward and reverse for linear navigation, yaw to the right and left for rotational
movement, and control vertical positioning through diving and submerging. The thrusters' strategic placement
and coordination ensure the ROV can navigate in underwater environments efficiently, making it ideal for tasks
such as underwater exploration, inspection, and research [18-20].

Figure 4(a) illustrates a sample for thruster direction in relation to the motion of the 3DSeaProbe yaw to the
right, and Figure 4(b) shows the 3DSeaProbe going forward. Next, Table 2 tabulates the movement configuration
of the thrusters when the 3DSeaProbe moves forward, reverses, yaws to the right, and yaws to the left, where CC
represents clockwise rotation, and CCW represents counter-clockwise rotation.

ﬁ Yaw to A
l the right Forward

= Force direction = Force direction
4 Eye looking at thruster direction A Eye looking at thruster direction
(a) (b)

Fig. 4 Thruster direction (a) Yaw motion to right motion; (b) Forward motion
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Testing was conducted at two locations to evaluate the durability of 3D design & fabrication in environments
near ponds in Johor, Malaysia. By utilizing different settings, it is aimed to observe how varying conditions
influence the outcomes across diverse environmental factors, enhancing the reliability and validity of the findings.

Table 2 3DSeaProbe movement configuration

Thruster (T)  Forward Reverse Yaw toRight Yaw to Left

1 ccw Cw cw CCwW
2 CCwW Cw CCW cw
3 cw CCW cw CCw
4 cw CCW CCW cw
5 - - - -

6 - - - -

The first testing location is at Kolam 20 Kaki, Gunung Ledang, Johor. The testing conducted presented
significant challenges due to the strong water flow, as shown in Figure 5. The 3DSeaProbe body and propeller
were able to withstand the force created by the waterfall without any leakage. Although the confident reading of
the echo sounder was 50% due to unstable motion contributed by strong water turbulence, the 3DSeaProbe was
able to navigate to the desired point.

(b)
Fig. 5 Testing for depth measurement (a) ROV during testing at the waterfall; (b) Depth reading

To validate the confident reading effect, another test was carried out at a nearby location with similar
characteristics but a more manageable water flow. This adjustment facilitated the acquisition of accurate data as
shown in Figure 6(a). It shows the depth is 1.01m. The measurements were re-evaluated using a tape measure, as
shown in Figure 6(b), to ensure precision and reliability in the results, yielding a result of approximately 1.07m.
The difference between sonar placement and camera placement is around 71.22mm. Therefore, reading accuracy
is around 99% which is quite high, although with a low confidence level.

(b)
Fig. 6 Validation of echo sounder reading (a) Confidence depth reading; (b) Depth ground truth
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Next, the second testing was conducted at UTHM Lake. Data was acquired using an echo sounder, revealing
that the center depth of the lake is 1.60 meters, as shown in Table 3. When the 3DSeaProb e moves to a location
near the land surface, the depth decreases to 0.99m.

Table 3 Data collected at UTHM lake
Depth PingViewer Location

(m)
0.99

1.60

Table 3 also includes graphical representation of depth patterns across UTHM Lake. However, visual
assessments using a camera were hindered by the murky water, preventing clear observation of the lake
environment. Furthermore, the uneven surface of the lake resulted in varying depths at different points.

4. Conclusion

Through the 3DSeaProbe design and development phase, 3D printing technology proved to be an effective method
for creating customized and complex ROV structures. The use of 3D printing allowed rapid prototyping and
iterative improvements, resulting in a robust and functional ROV design suitable for underwater operations. The
integration of advanced navigation control modules enabled the ROVs to perform precise maneuvers and maintain
stability across different underwater depths. This integration was critical for ensuring that the ROVs could adapt
to varying underwater conditions, demonstrating flexibility and reliability in their operations. Performance
assessments of the ROVs indicated successful maneuverability across several depths and underwater
environments. The ROVs exhibited consistent control and responsiveness, validating the effectiveness of the
design and navigation systems. These assessments confirmed that the ROVs could operate efficiently in diverse
underwater scenarios.
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