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Excel spreadsheets 1o index identified
problems, catalog potential engineering
solutions, and conduct weighted quantitative
analyses. This ensures that every design

choice prioritizes  operational efficiency,
structural integrity, and  manufacturing
feasibility.

A primary technical challenge during this cycle
involved selecting the optimal chassis material
for our newly integrated box-like architecture.
We evaluated two primary structural
candidates: PVC Tubes and Acrylic Boards.
The evaluation prioritized factors such as rapid
manufacturability (specifically compatibility with
our laser-cutting workflow), structural rigidity,
cost-efficiency, and alignment with our
eco-friendliness goals.

To determine the most viable option, we
constructed the following decision matrix,
scoring each parameter on a scale of 1 to 5
(with 5 being the most advantageous):

Criterion Wt. PVC Acrylic
Manufacturability 25% 3 5
Structural rigidity 25% 3 4

Cost efficiency 20% 5 4
In-water weight 15% 4 4
Eco-friendliness 15% 2 5
Weighted total 100% 3.45 4.40

Figure 5: The trade-off table

As demonstrated in the quantitative analysis,
Acrylic Boards achieved the highest aggregate
score. PVC Tubes are economical and
lightweight, but fail to provide the flat, stable
geometry essential for housing our integrated
robotic manipulator. Acrylic boards perfectly
complement our manufacturing
ecosystem—allowing  for precise, rapid
laser-cutting—while maintaining the robust
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structural integrity and
eco-friendliness required for our
box-like ROV design.

recyclable
updated

1.7. Vehicle Structure

The ROV utilizes a rectilinear, box-like chassis
fabricated from high-grade acrylic boards, a
geometric configuration specifically chosen to
optimize spatial efficiency and modularity. This
orthogonal frame provides flat, parallel
mounting surfaces that facilitate the precise
integration of external sensors, manipulators,
and thrusters directly onto the side walls. To
ensure operational stability, the primary
electronics cylinder—which now integrates all
main control units into a single enclosure—is
centrally positioned within the chassis. This
layout perfectly aligns the vehicle’s Center of
Gravity (CoG) with its geometric center,
minimizing rotational inertia and simplifying the
PID tuning for all motion axes. Complementing
this structure is a standardized grid of 3mm
diameter apertures distributed across the
frame. This grid serves as a universal
mounting interface for M3 fasteners, allowing
for the rapid deployment of mission-specific
accessories without requiring further structural
modification.
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Figure 6: The Onshape platform outlook

1.8. Hydrodynamics

The ROV’s hydrodynamic profile is engineered
to minimize the drag coefficient while
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maintaining high operational mobility. By
adopting a streamlined box-like chassis,
internal components remain within the frame's
silhouette, effectively reducing the frontal
projected area compared to previous iterations.
To further optimize fluid-structure interaction,
the acrylic frame features a series of strategic
perforations. Large triangular cutouts are
designed to facilitate fluid bypass during
vertical and lateral movements, which
significantly reduces "added mass"—the
volume of surrounding water the ROV must
displace to accelerate. These specific cutouts
utilize a truss-inspired geometry, which
preserves the high structural rigidity and
load-bearing capacity of the acrylic board while
minimizing its overall hydrodynamic footprint
and drag.

Figure 7: Hydrodynamics design of the ROV
board

1.9. Buoyancy

To achieve stable and efficient underwater
operation, our ROV is engineered for intrinsic
neutral buoyancy without the reliance on
external flotation foams. A key refinement this
year involves the consolidation of the primary
pressure vessels; while previous iterations
utilized separate cylinders for the vision system
and the central control units—housing the

Pixhawk, Raspberry Pi, and  power
converters—we  have integrated these
components into a single, high-volume

enclosure. This integration allows for more
precise internal mass distribution, ensuring that
the vehicle's Center of Gravity (CoG) is
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perfectly centered within the chassis.
Furthermore, by optimizing the
volume-to-weight ratio of the acrylic frame and
the integrated electronics cylinder, we have
matched the ROV’s aggregate density to the
standard density of water. This approach
ensures the vehicle remains naturally
suspended in the water column, significantly
enhancing passive stability and reducing the
vertical propulsion required to maintain
constant depth.

1.10. System Integration Diagram
(SID) of ROV

Above surface
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Figure 8: SID of ROV

1.11. Wiring System of the ROV

Communication and Control System

The ROV’s control architecture integrates a
Pixhawk flight controller and a Raspberry Pi
[11] companion computer. This dual-processor
configuration efficiently manages low-latency

flight  stabilization  alongside  high-level
computational tasks. For the pilot interface, we
utiize  QGroundControl to provide a

comprehensive dashboard for real-time vehicle
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telemetry. To facilitate high-speed data
transmission between the onboard processors
and the offshore station, we implemented a
Local Area Network (LAN) backbone utilizing
Cat5e/Cat6é Ethernet cabling wired to the
T568B standard, ensuring robust
communication and minimal latency.

Vision System and Signal Integrity

The ROV’s vision system is designed to
provide stable visual feedback during
underwater operation. The AHD camera feeds
are routed directly to the surface through
dedicated signal lines, using custom 3.5
mm-to-BNC adapters before connecting to the
DVR. The stereo camera uses a separate
digital path, transmitting USB video through
Ethernet to the control station.

To improve signal reliability, camera and data
lines are physically separated from
high-current power cables. This reduces
electromagnetic interference from thrusters
and motor controllers, helping maintain a clear,
low-noise video feed for the pilot.

1.12. Power Distribution

To optimize electrical efficiency and mitigate
transmission losses, the ROV’s primary power
architecture was upgraded to a 12V standard
for high-draw components, including the
propulsion system. By transitioning away from

the previous 5V-dominant setup, we
significantly reduced the overall current draw
required for equivalent power output.

Low-voltage (5V) routing is now strictly isolated
to the Raspberry Pi and two servo actuators,
necessitating only three localized step-down

converters. This highly streamlined
configuration minimizes internal thermal
output, saves critical chassis space, and

maintains an exceptional safety margin that
operates comfortably within competition
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thresholds. Plus, our full load amperage of the
ROV is 24.67A, which is lower than the 25A
amperage limit.

1.13. Motor Driver Boards

To drive the ROV’s brushless DC (BLDC)
propulsion system, we utilize dedicated
Electronic Speed Controllers (ESCs) for each
of the eight thrusters. Because brushless
motors lack physical commutators, these driver
boards are essential for dynamically converting
the standard 12V direct current (DC) from the
power distribution module into precise,
three-phase alternating current. We selected
ESCs equipped with specialized bidirectional
firmware, allowing for instantaneous forward
and reverse thrust—a critical requirement for
holonomic underwater navigation and rapid
attitude correction. These controllers interface
directly with the Pixhawk flight controller via
high-resolution Pulse Width Modulation (PVWM)
signals [1], translating pilot commands into
low-latency motor responses. Furthermore, the
selected drivers feature a high continuous
current rating that comfortably exceeds our
system's peak operational loads, providing a
robust safety margin against thermal overload
during sustained high-torque maneuvers.

1.14. Thrusters

The vehicle’s physical thrust is generated by
12V brushless DC (BLDC) motors driven by
dedicated Electronic Speed Controllers (ESCs)
[2. These ESCs utilize specialized
bidirectional firmware to dynamically convert
direct current into the precise three-phase
alternating current required for instantaneous
forward and reverse thrust. In addition to
electrical efficiency, we implemented critical
mechanical safety modifications to the thruster
hardware. To systematically mitigate laceration
hazards posed by exposed impellers, our team
utilized CAD software to design and 3D-print
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step-down converter on the gripping
mechanism itself. It is commanded through a
standard servo-style PWM signal (1500 pus
neutral, >1530 ps to open, <1470 pus to close)
driven from the Pixhawk auxiliary output, giving
the pilot proportional control through the
existing QGroundControl interface.
Mechanically, the gripper produces 97 N of grip
force at the jaw tip and 124 N further down the
jaw, opens to a 62 mm jaw gap, and completes
a full open-or-close cycle in approximately 1.6
seconds. Its Aluminum 6061-T6 housing with
Buna-N O-ring and X-ring seals is rated to a
depth of 300 m, which is far beyond MATE
Ranger pool depths and provides a substantial
safety margin against accidental water ingress.
The unit measures 303 mm long by 36 mm in
body diameter and weighs 524 g in air (267 ¢
in  water), making it a compact and
near-neutrally-buoyant payload that does not
disturb Aphex’s centre of gravity.

Custom Wrist Rotator

To give the pilot an additional degree of
freedom when aligning the jaws with irregularly
oriented props, we designed and built a
custom wrist rotator that mounts the Newton
gripper to the chassis through a rotating
interface. The rotator is driven by a 5 V servo
fed from its own localised step-down converter,
keeping it electrically isolated from the 12 V
gripper supply so that a stall or inrush on one
rail cannot disturb the other. Unlike the
separate 1080° manipulator used for the
spinning-object task, this wrist rotator provides
only a limited angular range—sufficient to tilt
and orient the gripper for precise prop
engagement—rather than continuous
multi-turn  rotation. All of the rotator’s
mechanical components (the mounting plate,
the rotating collar, and the servo housing) are
custom-designed and 3D-printed in-house to
match the Newton’s body diameter and
Aphex’s central mounting bay.

Mounting Strategy

Rather than mounting the gripper on an
extended arm at the front of the chassis, we
installed the Newton at the geometric centre of
the ROV, with only the jaws protruding forward
through the opening in the front face of the
box-like frame. This central placement keeps
the gripper's mass—and any object it is
carrying—as close as possible to Aphex’s
Centre of Gravity, which significantly reduces
the pitching moment induced by picking up
props. Because the moment arm is minimised,
the vertical thrusters need to apply far less
corrective torque during manipulation tasks,
which in turn improves hover stability, reduces
power draw, and makes fine positioning
considerably easier for the pilot. The front face
of the chassis also acts as a mechanical guard
for the gripper body, protecting the Aluminum
housing and PWM cable from incidental
contact with pool walls or mission props while
leaving the jaws fully exposed for task
execution.

2.6. Sensors

Pressure Sensor

Our pressure sensor is installed at the back of
the ROV tube. It has two functions. Firstly, it
can use the pressure to calculate the water
depth to do measurements. Secondly, it can
compare the pressure inside the tube and
outside the tube, if water leakage happens, it
will detect and automatically shut down the
machine to maintain safety.

Accelerometer, Temperature Sensor,
Compass Sensor (In Pixhawk)

Those sensors are inside the tube and bundled
with Pixhawk. The Accelerometer can examine
the wvertical orientation of the ROV, to
automatically adjust thrusters and help
maintain the balance of the ROV. The
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Trade-offs Revisited

Reviewing the major decisions with the benefit
of test data, the team would make the same
choice on chassis material: acrylic continues to
offer the best balance of machinability, rigidity,
and cost. The consolidation of all electronics
into a single enclosure also proved correct,
reducing the number of  waterproof
penetrations and simplifying assembly. The
one decision the team would reconsider is the
exclusive reliance on PETG for high-vibration
structural components such as thruster
shrouds; a tougher filament such as PETG-CF
or ABS would likely be a better fit for parts
exposed to sustained mechanical stress.

Lessons Learned

Three broader lessons emerged from this
cycle. First, integration testing must begin
earlier in the schedule; several issues were
only discovered once the full electrical and
mechanical stack was assembled, leaving
limited time to iterate. Second, waterproofing
needs a written sign-off checklist rather than
verbal confirmation, because two of the early
leaks traced back to miscommunication about
whether a joint had actually been potted. Third,
power-budget calculations should be
performed per-rail rather than in aggregate,
since the 5 V servo-stall incident demonstrated
that a comfortable total-system margin can still
hide a localised under-supply.

Future Improvements

Looking beyond the 2026 competition, the
team has identified several concrete
improvements. On the mechanical side,
high-stress 3D-printed components will be
reprinted in a tougher filament, and the thruster
mounting tabs will be redesigned with a larger
fillet to reduce stress concentration. On the
electrical side, the team plans to add per-rail
current monitoring so that localised load issues

can be detected in telemetry rather than in
post-mortem analysis. On the software side,
the RF-DETR based detection pipeline will be
extended with a confidence overlay in
QGroundControl so the pilot can quickly judge
whether a detection is reliable. Collectively,
these changes are expected to close the
remaining gaps between measured and target
performance while preserving the modularity
and reliability that defined Aphex this year.

5. Teamwork
5.1. Company Overview:

iEngineering, a dynamic team that consists of
38 dedicated members, affiliated with the
school St. Stephens College. We are
dedicated to advancing ROV technology so as
to support marine conservation and to address
climate change. Our goal is to develop a
Remotely-Operated-Vehicle with
high-resolution cameras to monitor marine
ecosystems and robotic-arms that supports
ocean protection initiatives. Ve believe that by
achieving a strong sense of teamwork and
cooperation, it can foster a positive
environment within our school that provides
students with lifelong skills and innovation.

5.2. Company Organisation:

With our mission of marine conservation, we
aim for progress and continuous improvement,
emphasizing both sustainability and safety. Our
employees are the foundation of success, and
seamless collaboration is achieved through a
clear hierarchical structure across four
departments: Mechanical, software, and the
leader. Department leaders mentor junior
members, ensuring effective delegation and
professional growth. The Leader governs the
entire team, providing strategic oversight and
hosting regular cross departmental meetings to
foster unity and operational efficiency. Our
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mechanical team designs the case of the ROV
and several components which were 3D
printed such as the claws and the clamps.

Our software team manages the ROV’s control
part through QGroundcontrol, adjusting the
connection between the ground station and
ROV, and adding code to the ROV to fulfill task
requirements. Our approach allows for a clear
structure within our team that fosters
teamwork, collaboration and effectiveness.
Allowing tasks to be completed on time.This
integrated framework drives efficiency, safety,
and progress toward our goal.

Organizational & Operational Flow Chart

Chief Executive Officer [CEO)

3
Chief Financial Officer [CFO)

Technica! ializations

| Hardviare Expertise Group

Software Expertise Group |

)
Central Operations & Administration [Secretary-led) |
T

¥ ) 3
Props Department ROV Department Float Department

ROV Props Builder ROV Hardware Lead Float Hardware Lead

ROV Pilot | [ rovsofvarelead | Float Software Lead
Figure 27: Our team’s organizational chart

5.3. Project Schedule:

Aligned with our cohesive organizational
structure, our project schedule is divided into
four distinct phases: From September all the
way to April, we focus on recruiting passionate
and proactive new members to ensure team
sustainability and morale. The selected new
members will enter Team A, which consists of
new members or members still in training.
They will undergo safety training led by senior
members. This fosters technical proficiency
and independence while instilling a sense of
commitment to our mission and safety
standards. After the training period, they are
divided into 3 different departments that
leverage their expertise to advance ROV
development. The ROV department creates
everything that is needed for the ROV, this
department includes multiple sectors like
mechanical, hardware, software.The
Mechanical department creates
computer-aided design (CAD) files for the ROV

structure and task specific designs. The
Hardware department designs PCBs, and the
Software department begins coding the initial
ROV system, laying the foundation for
mission-specific  refinements. With  the
mechanism design, the Mechanical
department manufactures the ROV frame and
manipulator prototypes, enabling the Hardware
department to integrate PCBs and wiring.
Concurrently, the Software department
programs mission-specific codes, preparing
the ROV for testing. Next, The Props
Department which mainly consisted of new
members. They help build the props for the
pilot, to further enhance the pilot’s experience
and familiarity with the tasks. Lastly, The Float
Department. A department that consists of
members who excel at software skills, they
help design and build the float. They make
designs and changes to ensure that the float is
suitable and working for the specific
environment. Ensuring  consistent ROV
performance, pool tests are conducted twice a
week, on every Monday and Thursday.
Refinements are made to optimize ROV’s
sophisticated systems. Everyone is involved
with the process of compiling documents,
finalizing reports as the ROV framework is
validated, ensuring alignment with MATE ROV

Figure 28: Our team’s project management
Gantt chart

5.4. Resources, Procedures, and
Protocols:

To ensure timely project execution and foster
interdepartmental collaboration, iEngineering
conducts weekly meetings on Wednesday.
Each department leader shares their
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respective progress updates and solves
challenges faced, enhancing transparency and
teamwork. Additionally, integration of
specialised tools supports department-specific
needs. For instance, Arduino is used for
software code within the breadboard which
controls the float and ROV. The software
department also leverages GitHub for efficient
code management and change tracking. Apart
from team  correspondence protocols,
environmental sustainability is another core
pillar of iEngineering mission. Our team uses
biodegradable materials which are derived
from natural materials, we reduce our
environmental footprint, aligning with our
dedication to marine conservation. These
integrated tools and practices promote
effective collaboration, scalability, and
sustainable progress.

6. Accounting

6.1. Budget

iEngineering’'s 2026 season was funded
primarily through St. Stephen’s College. By
reusing proven components from the 2025
ROV, the team redirected the majority of its
budget toward new structural materials,
cameras, and the float subsystem.

New Purchases

Item Qty Unit (USD) Total (USD)

PETG filament (1 kg) | 5 25 125

Acrylic 5 mm 400x600 10 51

AHD 720p camera 13 51

IR camera (1080p) 13

5
4
1 13

Epoxy / adhesives 19

103

Float subsystem

New subtotal 362

Figure 29: Purchases chart 1

Reused from 2025 (HK$0 actual cost)

Item Qty | Orig. year

BLDC thrusters 8 2023/2024

Basic ESCs (30 A) 202312024

Pixhawk 2023/2024

Raspberry Pi 2023/2024

aslalalo,

202412025

Newton Gripper
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Electronics cylinder 1 2024/2025

Servo motors 2025/2026

SP13/sP21
connectors

2025/2026

Tether cable + 2025/2026

joystick

Figure 30: Reused material chart

Total actual expenditure for the 2026 season:
approximately HK$2,825. All reused items
were inspected and bench-tested before
integration. We noticed that many materials
such as connectors, electronic devices and 3D
printing filaments are not completely used up.
In order to save materials, we reuse them this
year.

Travel Expenses

The 2026 MATE ROV World Championship will
be held in St. John’s, Newfoundland and
Labrador, Canada. Since the competition
requires international travel from Hong Kong to
Canada, the travel budget includes round-trip

airfare, accommodation, meals, local
transportation, travel documentation,
insurance, baggage and equipment-related

costs, and contingency. Based on our current
estimate, each attending person will require
approximately USD 5,128. For 24 team
members and 3 supervising teachers, the
total estimated travel expense is approximately
USD 138,462.

Cost
(USD)

Item

72693

Round-trip airfare: Hong Kong
— St. John's

Accommodation 14539

Meals 11077

local transportation 3461

4154

Travel documents,
insurance, and SIM cards

Baggage and
equipment-related transport

6,923
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1731

Competition  registration  /

administration share

23884
~138462

Contingency.
Total travel estimate

Figure 31: Travel expenses chart

6.2. Cost Projection

The table below estimates what it would cost a
new team to build Aphex from scratch at
current retail prices, ignoring reuse and
donations. All figures are in USD (1 USD =7.8
HKD). Labour costs are excluded.

Item

T200 thrusters
Basic ESC R3
Newton gripper
Pixhawk 6C
Raspberry Pi 5
NiMH cells (1.2 V)
AHD cameras

Oty Unit (USD)
231

40

923

200

87

6

13

Total (USD)
1,846

318

923

200

a7

64

51

8
8
1
1
1
1

0

IR camera 13 13

Servo motors 26 51

SP13/SP21 connectors 6 38

PETG filament (1 kg) 25 125

Acrylic 5 mm sheets 10 51

4
1
2
§]
5
5

Epoxy / adhesives 19

Float subsystem 103

Tether cable 38 38

Cylinder enclosure 64 64

38 38

|_x_\_;|

Joystick controller

Contingency (~10%) 451

Grand total 4,444

Figure 32: Purchases chart 2

Our actual spend of approximately HK$2,825
is roughly 8% of the projected full-build cost,
demonstrating the significant cost savings
achieved by reusing proven components from
the 2025 ROV. The largest individual items in a
from-scratch build would be the thrusters
(42%) and the Newton gripper (21%), both of
which were carried over at zero cost this
season.

6.3. Build vs. Buy, New vs. Used

iEngineering follows a clear rule for deciding
whether to build a component in-house or
purchase it off the shelf. we buy where
commercial products offer proven reliability,
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safety certification, or performance that we
cannot practically replicate, and we build
in-house where custom geometry, rapid
iteration, or significant cost savings are
available. The same logic applies to the choice
between new and reused hardware—any
component that remains within its expected
service life and passes inspection is carried
over to reduce both cost and environmental
impact.

Purchased (Buy) components

Thrusters (8x BLDC)

Buy. Commercial underwater BLDC thrusters
are pressure-rated, dynamically balanced, and
cheaper than any in-house equivalent once
custom sealing is accounted for. Developing
our own would offer no performance benefit
and carry significant reliability risk.

Electronic Speed Controllers (ESCs)

Buy. Off-the-shelf bidirectional ESCs with
specialised firmware provide instantaneous
forward/reverse thrust and are impractical to
replicate as a student project.

Pixhawk Flight Controller

Buy. The Pixhawk is an industry-standard
autopilot with a mature ArduSub firmware
stack that would be impossible to reproduce
in-house within a season.

Raspberry Pi Companion Computer

Buy. Readily available, well-documented, and
cheaper than any custom single-board
computer we could assemble.

Automotive AHD Cameras (x4)

Buy. Modified commercial reversing cameras
are inherently waterproof, low-latency, and
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extremely cost-effective compared  with
designing our own housings and image
pipelines.

IR Camera (1080p)

Buy. Commercial IR modules provide reliable
low-light imaging at a fraction of the cost of a
custom solution.

SP13/SP21 |P68

waterproof connectors Buy. Certified aviation
connectors are safety-critical; any in-house
waterproofing would introduce an
unacceptable risk of water ingress.

Tether Cable and Ethernet Backbone

Buy. Standard Cat5e/Cat6 cable meets the
bandwidth requirement at minimal cost

LIEYING QFS0030/360 IP68 Rotary Servo

Buy. Its intrinsic IP68 rating removes the need
for a custom pressure housing, and its 5 V
operation integrates directly with our existing
step-down converters.

General-purpose Robotic Claw

Buy (reused from 2025). Our primary
manipulator for routine mission tasks is the
Blue Robotics Newton Subsea Gripper, a
proven IP-rated commercial unit delivering 97
N tip / 124 N mid-jaw grip force, a 0.62 m jaw
opening, and a 300 m depth rating. The same
unit was carried over from the 2025 ROV after
inspection and servicing, eliminating both
development risk and repurchase cost.
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NiMH Battery Pack (float)

Buy. Commercial cells provide predictable
capacity and safety characteristics; in-house
cell assembly would be a fire risk.

In-house (Build) Components

Acrylic box-frame Chassis

Build. No commercial frame matches the
custom geometry required for our integrated
manipulator bay and standardised M3
mounting grid. Laser-cut acrylic is cheap, fast
to iterate, and fully recyclable.

Main Electronics Enclosure

Build. The consolidated single-cylinder
enclosure is designed around our specific
Centre of Gravity strategy and component
layout, which no off-the-shelf housing
accommodates.

Thruster Shrouds

Build. 3D-printed in PETG to enforce the MATE
5 mm finger-gap safety rule. No commercial
shroud fits our thrusters, and in-house printing
allows rapid redesign when failures occur.

1080° Rotating Claw

manipulator)

(spinning-task

Build. A dedicated second manipulator is
purpose-built for the Holyrood subsea
observatory biofouling task, where three full
rotations of the observatory’s inner mechanism
are required. It is driven by the purchased
LIEYING |P68 rotary servo but the mechanical
interface, gripper tolerances, and mounting are
all custom-designed to engage the simulated
observatory props reliably.
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Float (non-ROV device)

Build. A custom syringe-and-lead-screw ballast
mechanism housed in a reinforced pipe; no
commercial equivalent exists at the scale
required for the MATE float task.

Epoxy-potted Electronics Shells

Build. 3D-printed PETG shells filled with epoxy
protect sensitive electronics from water ingress
and vibration at negligible cost.

Pilot-station Control Box

Build. Tailored to our specific surface-side
wiring and tether interface so that the pilot has
a single, organised interface during operation.

New vs. Used

To reduce cost and waste, iEngineering
inspects and reuses any component from the
2025 ROV that remains within its expected
service life. For the 2026 build, the following
items were carried over and re-validated
before integration: the eight BLDC thrusters
and their ESCs, the Pixhawk flight controller,
the Raspberry Pi companion computer, the
Blue Robotics Newton Subsea Gripper, the
SP-series waterproof connectors, the tether
cable, and the surface-station joystick. Each
reused item was bench-tested under load and
inspected for corrosion or mechanical wear
before being cleared for the new vehicle. All
custom-fabricated structural components—the
acrylic chassis, the integrated electronics
enclosure, the custom 1080° spinning-task
claw, and the thruster shrouds—were built new
for 2026 to match the wupdated box-like
architecture, while consumables such as
PETG filament, acrylic sheets, fasteners,
epoxy, and the float's NIMH cells were
purchased new.
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7. Appendix

7.1. Safety Checklist

Safety Checklists for Construction and
Operation

Construction

(1 Ensure machinery and tools are in good
condition before use

L] Wear suitable protective equipment

(1 Shut down electronic appliances that are
not in use

(1 Perform soldering or other practices that
involve toxic gas in a well-ventilated area

(1 Return all tools to designated areas after
use

L1 Use reusable or recycled materials for ROV
components

[1 Store batteries
containers

in designated fireproof

Operation — Pre-deployment

[1 All electronics connections are secured,
correctly connected, and non-exposed

(1 Screw caps on all cameras are secured

[1 Cables and tethers are properly tightened

(1 Manipulators are all properly mounted and
secured onto the ROV

(1 No damage in ROV frame

(1 Tether is laid out neatly without knots or
tangles

(1 Surface station tether strain relief is
connected; tether Ethernet and power are
connected

(1 Surface station is stable and on a level
surface

(1 Deck area is clear of clutter and tripping
hazards

(] Thrusters free from obstruction

] All members wearing appropriate and safe
attire

] Verify no microplastics or debris are shed
into the pool

[J Confirm post-operation cleanup plan
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Operation — Power-up

_1 Control Box is receiving 12 V nominal

1 Verify camera connection to the Control Box
is stable

1 Perform thruster test; joystick movements
correspond with thruster activity

_1 Test any electrical manipulators that require
pilot control

Operation — Deployment

1 Verify no excess bubbles are coming out
1 Clear signal communication established:

o “Kill” — when power needs to be cut off
> “Contact” — before touching Aphex
o “Launch” — when Aphex is ready to be

operated underwater

> “Power on” — before turning on Aphex
1 Appropriate length of tether is released into
water to prevent pull on ROV or entanglement

Camera Feed

] Pilot calls out “Kill” and powers down the
ROV

] Crew members retrieve ROV via tether to
shore

] Begin troubleshooting
communication is restored

1 Document the cause of failure and the
implemented repair method

process until
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