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Summary:

Rongzhen Kaiwu is an eco-conscious and minimalist-oriented startup specializing in remotely
operated vehicles (ROVs). Building on its existing OctaXplore platform, the company has
drawn on its accumulated experience and introduced innovative upgrades to launch the

OctaXplore pro max, an innovative and highly scalable underwater robot framework.

Committed to continuous growth and global expansion, the company strives to strengthen its

presence on the world stage and contribute to global marine conservation efforts.
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1 ABSTRACT

Rongzhen KaiWu is aninnovative team specializing in underwater robotics under the umbrella
of Beijing Bayi High School in China, whichis dedicated to protecting the marine ecology through
the power of science and technology. The team’s newly developed “OctaXplore” underwater
robot (ROV) utilizes an innovative octagonal design and an environmentally friendly and eco-
nomical PVC pipe for the main frame, ensuring structural stability while considering the con-
cepts of cost-effectiveness and sustainability. Inspired by the characteristics of sea turtles, the
robot is lightweight (< 15kg) and perfectly suited for a wide range of underwater environments
thanks to 3D modeling and printing.

Equipped with high-precision motors, grippers, and an underwater camera, the OctaXplore
pro max is capable of performing a wide range of tasks such as shipwreck mapping, buoy sensor
replacement, invasive species detection, etc., and it’'s especially suited for operations in com-
plex water environments, such as the Great Lakes region and offshore wind farms. It is es-
pecially suitable for operation in the Great Lakes and offshore wind farms and other complex
water environments.

The research and development team adheres to the principle of environmental protection,
adopting recyclable materials for the whole system, realizing zero emission through electric
power drive, and minimizing the disturbance to marine ecology through non-invasive sampling
technology. In terms of safety performance, the team has established a perfect safety guaran-
tee system, with JSEA (Job Safety Environment Analysis) led by the safety officer throughout
the entire research and development process, and all thrusters are equipped with all-around
protective covers moldedinto the propellers to ensure safe and reliable operation of the equip-
ment.

As a science and technology enterprise focusing on sustainable development, Rongzhen
Kaiwu also actively fulfills its social responsibility through campus science popularization, wa-
ter quality monitoring of the company’s surrounding environment, etc., and is committed to
promoting the innovation and development of marine environmental protection technology.
OctaXplore pro max 3 underwater robot shows the company’s strength of research and devel-
opment in the field of environmental protection technology, and will continue to contribute to

global water environmental protection with innovative solutions.
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2 PROJECT MANAGEMENT

2.1 COMPANY STRUCTURE

FIGURE 1: GROUP PHOTO OF TEAM MEMBERS

Rongzhen Kaiwu is a high school student-run technology and innovation company dedi-
cated to promoting sustainable ocean development. In 2024-2026, the company’s core team
expanded from 3 to 12 people. Each team member is highly self-driven and has a genuine pas-
sion for engineering innovation, underwater exploration, and environmental protection. The
company employs a job assignment system based on individual expertise and interest to en-
sure that each member can maximize his or her value in the area where he or she is best suited.
In day-to-day operations, the company has established an efficient and collaborative process:
before each meeting, all members focus on the day’s priorities and then work on their assigned
tasks. The company’s mentor team provides the necessary technical support to help solve
technical problems in ROV development and operation, and facilitates internal communica-
tion and coordination. The company always adheres to the concept of “Safety First” and makes
the creation of a safe, collaborative, and positive team environment the primary goal. Through
the establishment of comprehensive safety standards, we ensure that every member can focus
on innovation in a safe environment. This team culture not only enhances work efficiency but
also cultivates our ability to solve complex problems collaboratively, laying a solid foundation
for the company’s sustainable development.
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2.2 COMPANY ORGANIZATION

Rong Zhen Kai Wu Company has established a scientific division of labor system, assigning
each member duties based on their professional strengths. CEO Jiaqgi Zhang oversees over-
all strategy and project progress to ensure departmental synergy. CTO Kangning Shi leads all
R&D efforts, guiding product innovation. CPO Jiagi Wang drives product positioning and iter-
ation with sharp market insight. CFO Jinwen Li manages budgets and costs rigorously to main-
tain financial stability. Head of Programming Zibin Lin and programmer Yukuan Cao brings
exceptional technical expertise to tackle key challenges. Head of Mechanic Yutong Wu de-
signs and optimizes mechanical structures for hardware stability. Operations Director Luo-
tong Chen leads creative product promotion strategies. Design Engineer Yuehan Miao crafts
user-friendly product appearance and interfaces. Test Engineer Tianyu Yang ensures product
quality through comprehensive testing. Software Engineer Tanrui Peng develops and main-
tains control system programs. Marketing Director Ziyie Tao manages market promotion and
brand building. Safety Officer Yiging Gu oversees R&D safety compliance. Process Engineer
Yuxuan Luo optimizes production processes for efficiency. Mentors Yueming Fu and Yurou
Zhang provide professional guidance to support team growth. This system leverages each
member’s strengths, fosters efficient collaboration, and guarantees the company’s sustainable
development.

FIGURE 2: COMPANY STRUCTURE

This approach, which is precisely based on the members’ specialty, not only makes every-
one afull use of their own professional advantages, but also can make an efficient collaboration
system. The above system delivers the guarantee for the everlasting development of the com-

pany.

2.3 PROJECT MANAGEMENT AND CHALLENGES

Rongzhen Kaiwu Company is known for its excellent project management ability, which is fully
reflected in the well-designed project plan Gantt chart (as shown in Figure 3). Born out of a
brainstorming session in March 2026, the team’s time-planning blueprint has not only kept
track of the project’s overall schedule but has also helped the team to excel in regional events,
while leaving valuable room for testing and optimization. The plan clearly outlines the time
nodes and workflow of each step from pre-preparation, ROV manufacturing, to marketing dis-
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play and engineering presentation, and its scientific nature has been verified in practice. The
team strictly enforces this schedule and tracks progress in real time through a system of reg-
ular daily meetings. These meetings not only serve as a regular review of the progress of each
member’s responsible module but also provide a flexible mechanism for time adjustment when
necessary. Itis this rigorous but flexible time management system that enables the company to
comfortably cope with the various challenges encountered in the course of the project (details
will be discussed in the following section).

Rongzhen Kaiwu Technology Company faces two core challenges in the operation process:
firstly, the team members are also facing heavy pressure from school work while undertaking
research and development tasks, which requires each member to make full use of all the time
after school to ensure the project progress with extraordinary work intensity; secondly, as a
young team, the members have obvious deficiencies in technical accumulation and project ex-
perience, even if they have formulated detailed Secondly, as a young team, the members had
obviousdeficienciesintechnical accumulation and project experience, so even though they had
formulated a detailed work plan, the actual implementation still faced many difficulties. How-
ever, by strictly executing the time management plan, the team not only successfully overcame
these challenges but also completed the development of the company’s first product, “OctaX-
plore pro max”, within the scheduled time. This achievement fully demonstrated the profes-
sionalism and hardworking spirit of the team members and laid a solid foundation for the com-
pany’s subsequent development.

FIGURE 3: PROJECT MANAGMENT

Two key issues are confronted by the Rongzhen Kaiwu Technology Company at the stage
of operational: primarily, the team members are under extremely heavy load from their school
duties while conducting renovation research, so everyone should work harder and become
more efficient to make proper progress; secondly, being a youthful team, each individual mem-
ber distinctly lacked deep technical expertise and time devoted to similar projects as ET re-
quired, nevertheless he formulated an approximated work plan but was not confident whether
an actual implementation faced any difficulties. In the same way, the group was still lacking the
essential know-how and project experience, although the work plan was laid out in detail, the
actual implementation was very much painful due to severe flaws. On the other hand, through
the strictimplementation of the time construction plan, the team surprisingly not only handled
these difficulties but also finished the development of the company’s first in-house product
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“OctaXplore pro max” within the prescheduled dates. This success strongly denoted the pro-
fessionalism and dedication of the team contributing to a wholesome and encouraging setup
for further organizational development.

Throughout the process, we work in strict accordance with the EDP engineering process to

ensure that the ROV is engineered properly.

FIGURE 4: EDP ENGINEERING PROCESS

The process begins with "Ask”, where questions are posed to identify needs or problems.
Next, "Test” involves experimenting with potential solutions to gather data and insights. The
"Improve” stage focusesonrefiningideas based ontest results to enhance effectiveness. "Imag-
ine” encourages creative thinking to explore new possibilities and innovative approaches. "Cre-
ate” is the phase where tangible solutions or prototypes are developed. Finally, "Plan” involves
strategizing the implementation and next steps to bring the idea to fruition. This cyclical pro-
cess emphasizes continuous iteration and development.
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3 STRUCTURAL DESIGN

FIGURE 5: OCTAXPLORE PRO MAX DEVELOPMENT HISTORY

FIGURE 6: OCTAXPLORE PRO MAX SECOND GENERATION

FIGURE 7: OCTAXPLORE PRO MAX FINAL VERSION
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OctaXplore pro max is a state-of-the-art subsea robot, created by settling for basic raw mate-
rials and combining maneuverability, modularity, stability, and durability into a product that is
defined by simplicity and efficiency. Its high-efficiency multi-functional integrated system not
only ensures the implementation of missions with high-quality performance, but also follows
the proposal’s technical requirements, as well as carrying the values of environmental protec-
tion and sustainable development.

During the research and development process, the group fully exploited tools available,
such as 3D printing, PVC pipe wrench, soldering gun, and so on. On this basis, they also adopted
professional design software, such as Tinkercad, Onshape, Canva, and Arduino IDE platforms,
for structural modeling, functional development, and system optimization.

The hardware and software convergence provides product accuracy and increases devel-
opment efficiency. The engineering and design components forming the foundation of OctaX-
plore pro max are done in-house, and the following paragraphs will discuss its core technolo-
gies.

3.1 DESIGN EVOLUTION

The figure below illustrates the internal layout and modular design of the underwater robot
developed by our company, showcasing a highly integrated open-frame structure engineered
for reliable underwater operations. This design reflects the core principles of usability, scala-
bility, and hydrodynamic efficiency, and represents a significant milestone in the evolution of
our robotic platform. The overall structure is centered around a transparent acrylic base plate,
which serves as the primary load-bearing foundation of the robot. Above the base plate, four
vertically mounted thrusters are installed, forming the main body that enables vertical move-
ment (ascending and descending) and supports pitch control during underwater operations.
These components constitute the robot’s core propulsion, control, and buoyancy regulation
system. The open-frame design not only enhances structural rigidity and improves water flow
efficiency, but also provides ample space for modular upgrades, allowing the robot to adapt to
a wide range of underwater mission requirements.

At the same time, the propulsion system of our underwater robot adopts a vector con-
trol architecture, reflecting our design philosophy of precise maneuverability. Four vectored
thrusters are evenly distributed on the four sides of the diamond-shaped acrylic panels, en-
abling the robot to move forward and backward flexibly and efficiently during underwater op-
erations. In addition, by adjusting the direction and speed of water thrust generated by the
motors, the robot can also achieve left and right turning. The symmetrically arranged struc-
ture forms the core motion system, ensuring balanced thrust distribution and efficient water
flow.

This robot employs vector control technology to precisely manipulate water flow by coor-
dinating the direction and magnitude of thrust from each motor, thereby enabling omnidirec-
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tional movement. For example, during forward motion, all four thrusters push water backward
simultaneously, resulting in a net forward thrust, while the lateral forces cancel each other
out. The resultant force is determined by the angle of the thrusters relative to the axis and
can be adjusted in real time to perform various maneuvering actions. This design significantly
enhances the robot’s mobility and stability, providing reliable support for autonomous opera-
tion in complex underwater environments.

A cylindrical waterproof compartment made of acrylic is positioned above the diamond-
shaped acrylicframe and is vertically secured by three acrylic panels. The compartment houses
a complete underwater robot control system. At this stage, the robot is capable of accommo-
dating various sensors and actuators, indicating that it is well-prepared for subsequent full-
function integration. The final version of the underwater robot is the result of multiple under-
water trials and evaluations of mission performance.

Insummary, these development trends collectively point to the future of underwater robots:
no longer prioritizing spacious design, but instead adopting a performance-oriented approach
as the core guiding principle.

A cylindrical waterproof compartment made of acrylic is positioned above the diamond-
shaped acrylicframe andis vertically secured by three acrylic panels. The compartment houses
a complete underwater robot control system. At this stage, the robot is capable of accommo-
dating various sensors and actuators, indicating that it is well-prepared for subsequent full-
function integration.

The final version of the underwater robot is the result of multiple underwater trials and
evaluations of mission performance. In summary, these development trends collectively point
tothefuture of underwater robots: nolonger prioritizing spacious design, but instead adopting
a performance-oriented approach as the core guiding principle.

3.2 INNOVATION POINT

The structure, function, and intelligence level of the final design version of our underwater
robot are all impressive. It can not only perform a multitude of intricate underwater assign-
ments, but also be adaptable and flexible in many situations. The overall design is a reflection
of the ideas to achieve modularity and high integration, which will consequently lead to the
multifunctional system that commands the operators’ and industry players’ attention and re-
spect.

e The reduced structure, including modularity, allows for maintenance and expansion. It
has an open structure, and the components can be plugged and moved in rapid time for
maintenance and function upgrade.

e Robust task efficiency aims to feature multifunctional simultaneous operations. The car-
rying condition of several robotic arms permits the completion of such tasks as gripping,
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checking, operating, etc., at higher efficiency levels.

The lightweight structure and permeable frame design are used to decrease resistance
to water flow and enhance movement ability at the same time.

Adaptability quickly adjusts or equips the machinery for any tasks needed, scientifically
for research, maintenance, and rescue, and works in any underwater environment.

Stable system, being characterized by its mechanical structure and the capability of con-
trolling system, increases the reliability of the equipment in dynamic water environment.

Adaptive Multi-DOF Gripper: Enhanced friction and dual yaw/pitch DOF for flexible grasp-
ing, optimized for complex PVC pipe and irregular tasks.

FIGURE 8: SHOW TIME
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4 ROV SYSTEM COMPONENTS

4.1 STRUCTURAL SYSTEM

FIGURE 9: FRAME WORK

The frame of the robot is made of 2mm thick rigid PVC water pipes, with a regular octag-
onal shape, ensuring stable structure and light weight. The main frame of the OctaXplore pro
max underwater robot is composed of PVC pipes with a diameter of 20 millimeters, forming an
octahedral shape. This is a new geometric design that maintains structural strength while sig-
nificantly reducing water resistance, thereby improving stability in underwater environments.
The octagonal geometric shape keeps fluid dynamics within laminar flow range, avoiding tur-
bulence and maintaining good maneuverability even in complex underwater flows. The main
connectors are fixed with universal PVC connectors. In addition, special waterproof sealing
treatment has been carried out on key joints to avoid water ingress during long-term use. In
order to achieve accurate installation of basic components, we used PVC connectors to tightly
bond the pipes and adapters together.

OctaXplore promax adopts an advanced modular structural design concept, and our frame-
work uses PVC pipes of the same size for installing various sensors, thrusters, robotic arms,
and other functional modules for quick assembly and disassembly. This design not only facil-
itates rapid maintenance of such devices, but also opens up channels for unlimited future ap-
plications. In terms of waterproof and compressive performance, the prototype has passed
three levels of testing: static sealing test at five meters deep water, 24-hour test, and five me-
ter water pressure test, as well as impact test under extreme conditions, which can be called
waterproof. The adjustable counterweight system integrated at the bottom of the framework
can achieve neutral buoyancy adjustment with a precision of £ 10 grams, and the intuitive dig-
ital display can accurately show the balance point of the camera, thereby minimizing guessing
work when balancing the gimbal. On the other hand, the intelligent pitch attitude stabilization
function integrated into the system maximizes the camera’s set angle, thereby increasing the
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possibility of achieving ideal shooting results.

In the test, OctaXplore pro max withstood a flow rate of 5 knots and remained stable at a
moving speed of 2 meters per second. OctaXplore pro max’s modular design allows functional
modules and products to be implemented in different projects. Its modular design is a promi-
nent feature, which can complete the replacement of functional modules within 5 minutes or
even shorter, which helps to improve operational efficiency. This innovative form of structure
not only meets the requirements of the competition, but also provides a technological founda-
tion for the construction of future products.

FIGURE 10: STRUCTURE IN REAL WORLD

Interms of waterproofing and pressureresistance properties, the prototype has gone through
the three levels of tests: a static seal test under three meters deep water, a 24-hour test with
three meters pressure, and an impact test under extreme conditions and can say it’s water-
proof. The adjustable counterweight system integrated in the bottom of the frame can achieve
+10g precision neutral buoyancy adjustment, and the intuitive digital display shows the precise
balance point of the camera, which in turn minimizes the guess work during balancing the gim-
bal. On the other hand, the intelligent pitch attitude stabilization function, which is integrated
in the system, maximizes the camera setup angles, hence increases the potential for a desired
shot. The OctaXplore pro max withstood water flow of 5 knots in testing and turned out to
be stable at a moving speed of 2 m/s. The modular design of the OctaXplore pro max permits
functional modules and products to be implemented in different projects. Its modular design
is an outstanding feature that allows the exchange of functional module in less than 5 minutes,
if not less. This helps in increasing the efficiency rate of operation. The innovative form of this
structure, besides being in line with the competition’s demands, also provides a technical base
for the future construction of the product.

Rongzhen Kaiwu Technical Report 14



May 24,2026

4.2 PROPULSION SYSTEM

FIGURE 11: MOTOR STRUCTURE

FIGURE 12: MOTOR IN REALWORLD

Figures 11 and 12 show the design of the thruster components as part of the propulsion sys-
tem. The diagram illustrates that the external part of the thruster has a protective mesh cover,
which can effectively block debris that may enter the motor, thereby improving the safety and
durability of the motor. The motor body is designed as a closed structure, and the brushed mo-
tor has waterproof function, which is considered suitable for underwater environments. The
propeller casing adopts a streamlined design to reduce the resistance generated by water flow
during operation and improve propulsion efficiency. The entire component is compact, sturdy,
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runs stably, and has low maintenance costs. Figures 13 and 14 depict the overall configuration
of the entire propulsion system. The robot is equipped with a total of 6 brushless waterproof
motors, which are located in separate culverts. Its similar structure and configuration enable
the propulsion system to achieve perfect balance and be easy to operate during operation. In
addition to the three vertical thrusters used to move up and down in the water, which ensure
the robot can move flexibly in different water depths, the other three horizontal thrusters are
used for forward, backward, steering, and translation operations, allowing the robot to nav-
igate freely in the water. The structure of the propulsion system provides the possibility of
multi-directional thrust output, meeting the needs of underwater navigation, rotation around

a point, and positioning

FIGURE 13: MOTOR DISTRIBUTION

FIGURE 14: ROV IN REAL WORLD
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4.3 BUOYANCY

FIGURE 15: BUOYANCY

We also used an acrylic sealed cabin to seal our flight control device. Through repeated un-
derwater tests, we ensured that the flight control device would not leak water under a water
pressure of five meters. We also used modular expansion interfaces, reserved standardized
electrical interfaces (such as ISO 1175 waterproof plugs), and supported the loading of side
scan sonar, robotic arms, and other loads, meeting the multi task requirements of underwater
inspection, scientific observation, and more. We will also evacuate the acrylic sealing tube to
create a pressure difference between the external water pressure and the internal vacuum, so
that the entire machine can sink better. Reduce its buoyancy.

44 CONTROLSYSTEM

The underwater robot control system consists of a shore control unit, an underwater actuator
unit,acommunication and transmission unit and auxiliary function modules. The onshore con-
trolunitisresponsible for receiving the operator’s commands and converting theminto control
signals, the underwater actuator unit drives the robot to complete the corresponding actions
according to the received commands, and the communication and transmission unit ensures
the stable transmission of data between onshore and underwater. In addition, the system also
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integrates depth monitoring, robotic arm control, video observation and other auxiliary func-
tions, constituting a complete set of underwater operation solutions.

44.1 FLIGHT CONTROL SUBSYSTEM

FIGURE 16: FLIGHT CONTROL

Power Supply and Protection:The electric power source supplies 12V power, with a fuse in-
serted into the circuit. This fuse serves as a protective measure, safeguarding the system from
over - current situations and potential electrical damage. STM32F103RCT6 - Based Sub - Sys-
tem:The STM32F103RCT6 board acts as a key control unit. It receives 12V power from the
source and manages connected components: A 12V peristaltic pump, which can be utilized for
fluid transfer tasks (such as sampling or fluid - related propulsion management). 5V servos that
drive the gripper. These servos enable precise control over the gripper’s motion, facilitating
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tasks like object grasping or manipulation. PIX Flight Control Sub - System: The PIX flight con-
trol board is central to motion and sensor management: It controls multiple motors, enabling
coordinated movements (such as forward/backward movement and steering). It connects to
a depth sensor, providing real - time depth information, which is vital for underwater oper-
ations (like maintaining a specific depth during sampling or inspection). Human - Machine In-
teraction and Communication: Computer and Software: Functions as the operator’s interface,
running software that processes inputs from: A joystick, allowingintuitive control over the sys-
tem’s movements and actions. A camera, providing visual feedback for tasks requiring visual
guidance (such as precisely targeting an object with the gripper). Serial Ethernet Transmis-
sion Module: Facilitates data transfer between components, ensuring smooth communication
(such as sending control commands from the computer to the PIX board or receiving sensor
data). Switch (Telecommunications): Supports network - based communication, enabling multi
- device integration and potentially remote operation or data logging. Functional Integration:
The system integrates power, control, sensing, and communication modules. Motors enable
mobility, the gripper (driven by servos) allows for manipulation tasks, the depth sensor aids in
underwater navigation, and the camera - joystick - computer interface ensures precise oper-
ator control. This integration makes it suitable for applications like underwater exploration,
sampling, or inspection, where coordinated movement, manipulation, and real - time feedback
are essential.

FIGURE 17: CONTROL BOX
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FIGURE 18: FRONT OF THE HANDLE

FIGURE 19: TOP OF THE HANDLE

Joystick Control System The joystick serves as the main control interface for the underwa-
ter robot, integrating mode selection, motion control, actuator operation, and safety functions.
The Y button activates Stabilize mode, the B button switches to Manual mode, the A button
acts as a Shift function modifier, and the X button enables Fixed depth mode. Joystick A con-
trols vertical movement and translation; when the A button is not pressed, pushing it upward
or downward adjusts the output power to increase or decrease vertical thrust accordingly.
When the A button is held, pressing Up and Left simultaneously drives the peristaltic pump
to rotate forward, pressing Down and Right together triggers the reset position, and pressing
either Down or Right individually reverses the peristaltic pump. Joystick B controls horizontal
movement, where pushing forward moves straight, pulling backward moves in reverse, tilting
left turns left, and tilting right turns right. The LB button controls the mechanical claw: without
holding A, it rotates clockwise around the transmission shaft; when holding A, it opens the claw.

Rongzhen Kaiwu Technical Report 20



May 24,2026

The RB button also controls the mechanical claw: without holding A, it rotates counterclock-
wise around the transmission shaft; when holding A, it closes the claw. The system is equipped
with a main switch for power control and an unlock/lock switch for safety interlock.

4.4.2 SENSORS AND DATA ACQUISITION

The underwater robot is equipped with a high-precision depth sensor for real-time monitoring
of the current water depth, and the data is sampled and stored at fixed intervals (e.g. 200ms).
When the robot surfaces, the system automatically packages and uploads the stored depth
data for subsequent analysis. In addition, the system can be extended to integrate temper-
ature, water quality (such as pH, turbidity) and other sensors to meet different scientific re-
search or industrial testing needs. All sensor data are transmitted to the main control chip via
485 bus to ensure real-time and accurate data.

FIGURE 20: DEPTH SENSOR

4.4.3 APPLICATION SCENARIOS AND EXPANDABILITY

The system is suitable for various scenarios such as underwater exploration, equipment over-
haul, environmental monitoring, scientific investigation and so on. The modular design makes
it has good expandability, users can add more sensors or actuators according to the demand,
such as side-scan sonar, mechanical claw fixture and so on. In the future, wireless communi-
cation module (e.g. hydroacoustic communication or RF link) can be added to realize wireless
control in some scenarios, further enhancing the flexibility of the system.

4.5 ENERGY SYSTEM & COMMUNICATION SYSTEM

The system adopts RS-485 bus as the main communication mode, which has the advantages of
strong anti-interference ability and long transmission distance, and is suitable for underwater
long-distance signal transmission. The main cable contains six wires, two of which are used
for power supply and four for 485 communication. The video signal is transmitted through an
independent coaxial cable to ensure that the high-definition images captured by the camera

Rongzhen Kaiwu Technical Report 21



May 24,2026

can be transmitted back to the shore display in real time. The control signals of the robotic
arm are transmitted through eight-core network cables, using differential signals to reduce
noise interference. All cables are waterproof, tensile resistant and equipped with reinforced
connectors to ensure stable operation in complex underwater environments.

FIGURE 21: ANDERSON POWER PLUG CONNECTOR
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5 LOADS AND TOOLS

5.1 VIDEOSYSTEM

Our ROV is equipped with GeoVision Industrial L10.1-inch HD display, which supports HDMI
input and MP5 video playback function to ensure clear and stable picture during underwater
operation. The video signal is transmitted through a special cable to ensure the reliability of
real-time monitoring, while facilitating video playback and analysis. The compact structure
of the whole machine, strong adaptability, with perfect after-sales protection, for underwater
detection to provide stable and efficient visual support.

FIGURE 22: PANORAMIC CAMERA

In addition to this, we have placed a panoramic camera on the top of the ROV to facilitate
the collection of all kinds of information underwater, and wirelessly transmit the underwater
situation back to the surface in a clear way.

5.2 DELIVERY SYSTEM

The OctaXplore promaxgripper employs a 3D-printed structure, characterized by robust dura-
bility, rapid iteration capability, ease of modification, and exceptional flexibility. Through iter-
ative optimization, the final design integrates a servo-driven mechanism, enhancing the grip-
per’s flexibility and degrees of freedom to adapt to diverse environments and conditions. To ad-
dress the challenges of this year’s competition tasks—including complex PVC pipe structures,
slanted placements, and underwater operations—we further expanded the gripper’s motion
capabilities by adding yaw and pitch degrees of freedom, enabling full planar flexibility for ac-
curate, efficient task execution. In terms of grasping performance, a flexible silicone layer is
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integrated on the gripper surface to augment friction, facilitating secure handling of smooth
and hard-to-grasp objects. The internal hollow design enables adaptive deformation under
pressure, achieving a soft-grip effect that closely conforms to object surfaces for stable hold-
ing, while the rubber material provides superior underwater friction for reliable grasping of
various shapes. These design features collectively endow the gripper system with reliability,
adaptability, and high efficiency.

FIGURE 23: DELIVERY SYSTEM
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6 OCTAXPLORE PRO MAXINSTRUCTIONS

6.1 INSTALLATION AND PREPARATION

6.1.1 CABLE CONNECTION AND FIXING

Before installing the underwater robot, please make sure that all electrical connections are
correct and waterproofed: The cables for thrusters, power cables, signals cables, and the un-
derwater waterproof junction box must have been installed properly before operation begins.
The connections of all combinations must be waterproof, and the stuffing box should be water-
resistant.

Junction Box Installation: Employ unique 3D printed clips to fix the impermeable junction
box to the middle cross node of the PVC structural frame, so that the junction box is not easy
to loosen during use, and the subsequent disassembly and repair is convenient.

Main cable connection: Direct lead the main cable from the waterproof junction box and
link ittothe controlboxonthe shore. Verify that the voltage output of the power supply system
is 12V DC (direct current) and take precautions not to use the wrong polarity.

6.1.2 PRELIMINARY CHECK OF THE SYSTEM

Initiate the control box on the shore, check if the monitor can receive the images with camera
and they should be vivid and stable without delay.

Using the control handle (joystick), check one after another if all the propellers are respond-
ing well and if the flight is in the direction you have set.

If a situation like a control delay, unusual direction was detected, stop the usage right away
and check the condition of the propeller cable connection and control signal line.

6.2 OPERATION GUIDE

6.2.1 STARTUP AND DEBUGGING

Before the official sinking into water, the equipment must be debugged in the following man-
ner:

1) Activate the supply of the shore control box and monitor the process of system startup
for each part.

2) See if the video signal is correct. The images should be clear and real-time.

3) A little bit of jamming must be avoided to ensure all systems operate well, and all pro-

pellers move fast in response with some jamming and abnormal noises.
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6.2.2 BASICCONTROL METHODS

The below-listed basic operation is performed on the control handle (rocker) of the shore:

1) Push the rocker forward - the underwater robot moves forward.

2) Pull the joystick backward - the underwater robot goes backward.

3) Push the joystick to the left - the robot turns left.

4) Push the joystick to the right - the robot turns right.

5) Push up the vertical control lever - the robot rises.

6) Pull down the vertical lever - the robot dives.

NOTE: Operations that are harsh and rugged should not be conducted, as this will result in
hitches in machine operations and will in the long run shorten the life of the machine systems.

6.3 MAINTENANCE AND STORAGE

6.3.1 ROUTINE MAINTENANCE

For the purpose of guaranteeing a long-term uniformworking function of the underwater robot,
please conduct the following maintenance procedures after every usage to assure proper func-
tioning.

1) With clean water, rinse off the exposed parts, especially the thrusters and camera area,
in order to entirely remove impurities, sediment, and salt from the water.

2) Examine the frames of the whole cables, cable connections, stuffing boxes, snaps, and
waterproof junction boxes to look for any deficiencies in this equipment.

3) If water ingress or corrosion is detected, discontinue usage immediately, and repair or
replace parts as necessary.

6.3.2 STORAGE GUIDE

1) When finishing the operation, the power supply should be cut off, and all cables should be
carefully disconnected.

2) Hence, all cables should be arranged properly by coiling them to avoid bending or over
pulling, which can damage cables or wires.

3) Store the robot in a dry, ventilated, dust-free interior space to prevent deterioration of
electronic parts by humidity and high temperature.
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6.4 TROUBLESHOOTING

6.5 THINGS TO NOTE

Here are some noteworthy points.

1. Prior to operation, ensure that all cables and waterproof junction boxes are adequately
sealed to avoid moisture penetration, which may result from installation mistakes or errors.

2. Continuous running under high current or heavy load conditions is strictly prohibited as
it may cause overheating of the motor or failure of the components, which are intended to be
waterproof.

3. In cases where an anomaly (such as noise, bubbling, no response) is detected, the opera-
tion must be terminated immediately, and the drilling tools, clips, and stuffing box, etc., should
be checked to see if any damages have occurred.

4. Avoid tampering with the control system or power wiring without prior approval. Should
you wish to upgrade, please seek the necessary assistance from certified technicians.
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7 DESIGN AND IMPLEMENTATION OF FLOAT

7.1 DESIGN SPECIFICATIONS

7.1.1 POWER SUPPLY SYSTEM

The buoyancy device is powered by a nickel-hydrogen battery with a nominal voltage of 12 V.
The system integrates a fuse for circuit protection to prevent circuit damage caused by abnor-
mal current. To ensure the stable operation of the 12V load module, a DC-DC converter (input
voltage range: 3V to 15V, output voltage: 12 V) is adopted to stabilize the 12V output voltage.
In addition, the system is equipped with a built-in DC-DC buck converter (input voltage range:
5.3V to 26 V, output voltage: 3.3 V) to provide stable low-voltage power supply for other low-
voltage modules, ensuring their reliable operation.

7.1.2 CONTROL SYSTEM

FIGURE 24: ESP32 MICROCONTROLLER

The ESP32 microcontroller serves as the core control unit, leveragingits low-power Wi-Fi/Bluetooth
capabilities and versatile I/O resources for wireless communication and motor control. For
motor actuation, the design utilizes the TB6612FNG motor drive board, which is powered by
aDC-DC 3-15V to 12V module. This setup enables precise control over the 365 water pump.
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FIGURE 25: TB6612FNG MOTOR DRIVE BOARD
Y

7.1.3 BUOYANCY ADJUSTMENT SYSTEM

Buoyancy is dynamically regulated by a 365 water pump that pumps water into a water con-
tainer. By pumping water in or out, the system adjusts the internal ballast volume to enable
controlled ascent and descent.

FIGURE 26: BUOYANCY CONTROL DEVICE

This is the buoyancy adjustment system used this time. We place the water storage de-
vice and the circuit separately: all circuits are placed in an independent square waterproof box,
while the water storage box responsible for adjusting buoyancy is placed above the circuit wa-
terproof box. The 365 water pump is placed together with the circuits.
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7.1.4 STRUCTURAL DESIGN

FIGURE 27: FLOAT STRUCTURE

The circuit is placed in a separate waterproof box, where the batteries and the water pump are
also installed together with the circuit. The water storage box responsible for buoyancy ad-
justment is fixed on top of the waterproof box containing the circuit via 3D-printed mounts. A
hole is drilled in the waterproof box shell, and a hose is passed through it to connect the 365
water pump. Meanwhile, another hose is led out to connect the waterproof box and the water
storage box, and the gaps are sealed to ensure stable buoyancy adjustment and the normal op-
eration of the circuit. A depth sensor and a timer provide real-time feedback to ensure precise
depth management and depth adjustment.

Thisfloat is equipped with internal pressure adjustment via a single water pump, whose wa-
ter intake and discharge operations are controlled by a motor. It is waterproof and fitted with
a counterweight to maintain stability in the water. A depth sensor and a timer are installed at
the bottom of the float to perform the required tasks. The top of the float is raised to accom-
modate the communication device, and through buoyancy adjustment, the float can finally be
kept just above the water surface to expose the signal transmission section.
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FIGURE 28: FLOAT OUTSIDE

The float adopts a modular design, with the circuit module and water storage tank placed
separately and connected by 3D printed components. The raised upper part of the housing is
designed for installing communication equipment, while the bottom is equipped with a depth
sensor and a timer to ensure accurate underwater positioning and data collection. The float
features a minimalist external design in line with a minimalist concept, while guaranteeing the
stability and functionality of the device in water.

(For more detailed information about floats, please refer to the float technical documenta-
tion.)
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8 SID

8.1 ROVSID

8.2 FLOATSID
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9 TESTING AND PROBLEM SOLVING

1. Learning Competition Rules and Safety Standards
As first-time participants in the MATE competition, we initially lacked familiarity with
event procedures and safety requirements. Through intensive study of competition man-
uals, consultations with veteran teams, and specialized training from mentors, we even-
tually established a comprehensive safety management system that met all competition
standards.

2. Software Learning Curve
When working on structural design and circuit programming, we encountered new soft-
ware like Tinkercad and Onshape for the first time. Team members overcame this through
online tutorials and peer-to-peer coaching, ultimately mastering these tools to complete
high-precision 3D modeling and system debugging.

3. Early-Stage Goal Ambiguity
During initial phases, unclear task divisions led to low engagement from some members.
We held team meetings to redefine objectives and assigned roles based on individual
strengths (e.g., programming, structural design, safety oversight), which significantly im-
proved efficiency and collaboration.

4. Waterproofing Test Failures
Early waterproof enclosures leaked during pressure tests. We solved this by redesigning
3D-printed seals, applying waterproof coatings, and adding multi-layer rubber gaskets,
eventually passing 24-hour pressure tests at 3-meter depths.

5. Insufficient Propulsion Power
Horizontal thrusters showed delayed response instrong currents. We upgraded to higher-
torque waterproof motors and optimized propeller blade angles, enabling stable naviga-
tion at 2m/s flow speeds.

6. Time Management Challenges
Balancing academic workloads with project deadlines proved difficult. We implemented
strict Gantt charts, focused work during weekends/holidays, and daily online progress
reports to stay on schedule.

7. Control Signal Latency
Long cables caused communication delays. By shortening cable lengths, installing signal
boosters, and using shielded anti-interference wiring, we achieved real-time video trans-

mission and control response.

8. Unexpected Structural Fractures
PVC frames cracked during collision tests. The team reinforced structures with stainless
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steel brackets and cross-supports, complemented by 3D-printed positioning aids, dra-
matically improving durability.

Each solution not only enhanced OctaXplore pro max’s performance but also transformed our
team through technical growth, crisis management skills, and strengthened collaboration.
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10 SAFETY

10.1 POWER SUPPLY SECTION

Figures 27 and 28 show fuse and the Anderson power plug connector. The distance between
the Anderson power plug connector and the fuse is within 30 centimeters.

FIGURE 29: FUSE

FIGURE 30: ANDERSON POWER PLUG CONNECTOR

10.2 WATERPROOF PRESSURE-REDUCING MODULE

Convert the input voltage to the required output voltage to meet the working requirements
of other components in the circuit. Monitor the output voltage through the control circuit to
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ensure it remains stable at the set value, preventing equipment damage or performance degra-
dation caused by voltage fluctuations. The voltage-reducing module usually also has overload
protection and short-circuit protection, which can cut off the output in time in abnormal situ-
ations

FIGURE 31: WATERPROOF PRESSURE-REDUCING MODULE

10.3 CABLESAFETY

We have designed a zero-buoyancy cable. We use high-strength tensile material, Kevlar bullet-
proof wire, as the tensile structure. After testing, this structure can withstand a tensile force of
100kg. We also use tin-plated copper mesh braided shielding to ensure stable and safe signals.

FIGURE 32: CABLE

All propellers will have a 3D-printed propeller shield. A safe and hard shell (with adiameter
of less than 12.5mm) ensures that no foreign objects will be sucked in and has been firmly fixed,
so its safety can be guaranteed. Figure 31 shows an example of the propeller shield.
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FIGURE 33: THE PROPELLER SHIELD

10.4 ANTISTRETCHING DEVICE

The robot is equipped with anti-stretching devices at both the connection points from the ca-
ble to the controller and from the cable to the robot to prevent direct pulling of the cable and
reduce therisk of cable damage. Figure 32 shows the anti-stretching device of the control box,
and figure 33 shows the anti-stretching device of the ROV.

FIGURE 34: ANTISTRETCHING DEVICE

FIGURE 35: ANTISTRETCHING DEVICE
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10.5 MACHINE TESTING

We tested the thrust of the motor under different currents and voltages in the laboratory,
which enabled us to precisely know the driving force of the machine underwater and allowed

us to control it more safely.

FIGURE 36: EXPERIMENTAL DATA

10.6 FUSELAGE SAFETY

The ROV has no sharp shapes. In the following pictures we can see that the ROV has no sharp

edges or parts that can cause damage.

FIGURE 37: VIEW FROM ABOVE
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FIGURE 38: VIEW FROM FRONT

FIGURE 39: VIEW FROM SIDE

10.7 WATERPROOF OF THE SEALED CABIN

We have set up a double-layer waterproof wiring panel at the connection between the cable
and the machine and applied Vaseline at the connection for double-layer waterproofing, which

can effectively protect the internal circuit.
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FIGURE 40: WATERPROOF OF THE SEALED CABIN

10.8 THE FASTENERS OF THE 3D-PRINTED SEALED CABIN

We used a 3D printer to make a fixing device for the sealed cabin and fixed it on the cross-
shaped PVC pipe on the top of the machine, ensuring that the sealed cabin would not fall off

during underwater driving and guaranteeing the safety of signal transmission.

FIGURE 41: THE FASTENERS OF THE 3D-PRINTED SEALED CABIN
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10.9 CONTROL SECURITY

We installed a protective shell outside the control device and placed a sponge pad of the ap-
propriate size between the protective shell and the controller to prevent the controller from
being bumped.

FIGURE 42: CONTROL BOX

10.10 WORKSHOP ENVIRONMENT

The laboratory is equipped with vertical rotating power plug boards with on/off switches at
each main plug board, which ensures safety and convenience during our experiments.

FIGURE 43: POWER SAFETY
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FIGURE 44: STORAGE OF TOOLS

FIGURE 45: ORGANIZATION OF TOOLS

Fig. 44 and Fig. 45 show the storage and organization of tools and materials in our lab, this
prevents accidental injuries from improperly placed tools.
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FIGURE 46: EXPERIMENTAL SITE

Fig. 46 show the storage and organization of tools and materials in our lab, this prevents
accidental injuries from improperly placed tools.
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11 EXPENSES

11.1 ROV EXPENSES
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11.2 FLOAT EXPENSES

10
11

12

13

14

15

16

17

18
19

Ttem

K-705 Sealant

XH2. 54 Wire

12V Polymer Battery Pack
3-15V to 12V Module

4-20V to 3.3V Module
L298N Motor Driver
Waterproof Conformal
Coating

ESP32C3 Classic Edition
Development Board

DS1302 Clock Module
MS5837-02BA Pressure Gauge
60W Hot Melt Hole Opener
IP68 Waterproof Enclosure
120X 70X 48

Large Waterproof Enclosure
134X 134X 66

PTFE Air Collection Bag 16
X 14cm

365 Diaphragm Water Pump
6-8mm Pipe Adapter
7.5mm ID / 9. 7mm OD Hose

30° 1mm Silicone Membrane
7 Counterweight Blocks
Net Cost Total

Function
Waterproofing
Power Supply

Power Supply
Voltage Regulation
Step—down

Water Pump Driving

Waterproofing

Float Control
Timing

Depth Adjustment
Drilling

Waterproofing

Waterproofing

Waterproofing

Buoyancy Adjustment, Water
Intake & Discharge

Hose Connection & Fixing
Buoyancy Adjustment, Water
Intake & Discharge
Waterproofing

Buoyancy Adjustment
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Unit Price (Yuan)
8

1.2

20

4.6

0.8

9

35

11.7

2.09
36. 3
9.8

12.15

22.7

1.8

6. 75
1.5
6.6

10
14
224.5
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12 SUMMARY

The OctaXplore pro max underwater robot, developed by Rongzhen Kaiwu, represents a sig-
nificant ad- vancement in eco-conscious and minimalist-oriented remotely operated vehicles
(ROVs). De- signed with an innovative octagonal PVC pipe frame, the robot emphasizes mod-
ularity, stabil- ity, and environmental sustainability. Key features include a lightweight and
durable structure, high-precision motors, a multifunctional integrated system, and non-invasive
sampling tech- nology to minimize ecological disturbance. The ROV'’s propulsion, control, en-
ergy, and com- munication systems are meticulously engineered for efficiency and reliability,
supported by rigorous waterproofing and safety measures.

The project highlights the team’s dedication to sustainable technology, utilizing recyclable
materials and electric power to achieve zero emissions. Safety protocols, led by a dedicated
safety officer, ensure compliance with environmental and operational standards. The com-
pany’s organizational structure, with clear role divisions and efficient project management, un-
derscores its commitment to collaboration and innovation.

OctaXplore promax’s applications span diverse underwater environments, from shipwreck
surveys to offshore wind farms, demonstrating its versatility and adaptability. The team’s ef-
forts ex- tend beyond technical development, encompassing educational outreach and marine
conser- vation initiatives. With a total project cost of 2000 CNY for the ROV and additional
invest- ments in float systems, Rongzhen Kaiwu has successfully delivered a cutting-edge so-
lution that aligns with global goals for environmental protection and technological advance-
ment.

This project not only showcases the team’s technical prowess but also reflects their unwa-
vering spirit, perseverance, and teamwork, marking a transformative chapter in their journey
as young innovators.
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