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1.0 Abstract 

Driven by five years of competitive evolution, Overflow Robotics’ 31-member team developed Encore: a 
7.60 kg ROV designed for the 2026 MATE offshore mission. Our engineering philosophy prioritized 
quantifiable reliability, keeping the project 13.1% under budget at a $6,470 total value. We replaced 
traditional layouts with an eight-thruster propulsion system, yielding a 38% boost in vertical speed, and 
secured stability using a 2,300 cm³ foam correction. This achieved a +0.29 N neutral buoyancy, 
reconciling our 94.44 N buoyant force validated against pool-measured neutral buoyancy results. We 
tackled single points of failure by redesigning our electronics into three custom PCBs, slashing potential 
repair costs by 75%. To bridge the gap between pilot and machine, Encore utilizes an NVIDIA Jetson 
Orin Nano Super to run YOLO-based crab detection and SLAM-based 3D mapping for actionable visual 
intelligence. Task execution is handled by three pneumatic manipulators, three mission-specific tools, 
and an airbag retrieval system. However, Encore’s true strength lies in safety and preparation. Guided 
by our Triple-Zero Initiative, 6 incidents were resolved with 0 recurrences. Forged through 60 pool 
sessions and 700 hours of sub-surface testing, we entered the competition with a 100% resolution rate 
for all identified system bugs. Encore demonstrates a deliberate shift toward high-efficiency, test-driven 
underwater system design.  
 

                           Fig 1: Overflow Robotics company 31 member, Alexandria Egypt 2026 
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2.0 Teamwork & Project 
Management  

A. Management Structure, Planning, & 
Team Responsibilities  

Overflow Robotics managed the 2026 ROV project 
using a centralized project management system to 
coordinate a 31-member multidisciplinary team 
(Refer to home page for personnel). The team 
was structured into specialized sub-teams with 
clearly defined responsibilities to ensure 
accountability and efficient execution (Refer to Fig 
2).                                                                               

    Fig 2: Overflow Robotics Sub-Team Tree     
●​ Mechanical Sub-Team:   Responsible     for 

frame design, buoyancy configuration, structural 
analysis, and integration of propulsion and 
tooling systems. 

●​ Electrical Sub-Team: Responsible for power 
distribution, wiring, sealing, safety systems, and 
electrical reliability under submerged conditions. 

●​ Software and Controls Sub-Team: 
Responsible for vehicle control logic, sensor 
integration, pilot interface development, and 
system responsiveness. 

●​ Tooling Sub-Team: Responsible for the  
design, fabrication, and testing of 
mission-specific end-effectors and  
manipulators. 

●​ Operations​ Sub-Team: Responsible for 
pilot training, mission planning, system checks, 
and operational procedures during testing and 
competition runs.  

B. Project Management,  
Communication & Risk Control 
Overflow Robotics established a centralized 
Notion Workspace (Figure 3) to serve as the 
company’s digital headquarters. This environment 
integrated the Sub-Team Tree (Figure 2) with a 
rigorous project timeline, breaking the season into 
five phases: concept development, prototyping, 
integration, testing, and refinement. 

By assigning clear task ownership and measurable 
checkpoints within Notion, (Refer to Figure 3 for 
Notion dashboard) The team maintained the "In 
Search of Perfection" philosophy, successfully 
hitting the critical milestone of full in-water 
deployment before January and ensuring all 
deliverables were submitted on schedule. 

   Fig 3: Notion Team Timeline Dashboard  
Operational stability was sustained through a 
three-tiered communication and documentation 
framework: 
●​ Real-Time Coordination: A WhatsApp 

community enabled rapid-response 
troubleshooting and time-sensitive cross-team 
agility. 

●​ Technical Repository: A shared, 
version-controlled Google Drive housed all 
CAD models, electrical schematics, and 
software repositories, ensuring documentation 
integrity. 

●​ Formal Accountability: Official team email 
accounts were used for all external 
correspondence and competition-related record 
keeping. 

Effort distribution was monitored via Sub-Team 
Man-Hour Tracking (Figure 4), allowing 
leadership to balance technical progress with 
project stability. A total of 4821 man hours were 
spent distributed as follows: 

●​ Mechanical: 2100 hours  
●​ Software: 1439 hours 
●​ Hardware:1282 hours   

          Fig 4: Sub Team Man Hour Tracking Graph 
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This data-driven approach extended to Risk 
Control, where potential failures such as water 
ingress, electrical faults, and schedule 
compression were tracked from the design phase. 
We mitigated these through modular architecture 
and early subsystem validation, a process 
visualized in our Task Completion Graph (Figure 
5), which demonstrates consistent progress and 
successful risk reduction throughout the 
development cycle. 

            Fig 5: Task Completion Graph 
As shown in the data, these mitigation efforts 
allowed 82% of tasks to be finalized on or before 
their deadlines, demonstrating consistent progress 
and successful risk reduction throughout the 
development cycle.  
C. Scheduled Project Management 
The season was structured around a 
comprehensive Gantt chart (Figure 6), reviewed at 
every Thursday board meeting by the executive 
board and sub-team leads. The timeline spanned 
July 2025 through June 2026, organized into eight 
parallel tracks:  Planning, Research, Mechanical, 
Software, Hardware, Payloads, Funding, and 
Testing each with defined deliverables, assigned 
ownership, and hard checkpoint dates. 

    Fig 6: Overflow Robotics 2026 Gantt Chart    

The Mechanical and Hardware tracks were 
deliberately run in parallel from September through 
December, progressing through CAD, fabrication, 
PCB schematic, routing, and welding 
simultaneously. This was a direct response to a 
bottleneck experienced in the 2025 season where 
electrical assembly lagged mechanical completion 
by three weeks. Running both tracks in parallel 
ensured the frame and electrical system reached 
integration readiness at the same time in 
December. The Software track began 
independently in August, developing and 
unit-testing modules in isolation so that by the first 
Dry Test in mid-December, the control interface, 
camera feeds, and MAVLink stack were already 
validated and ready for integration. Testing was 
structured in three escalating phases: Float 
Tests in August, Dry Tests in mid-December, and 
Pool Tests from January through May with each 
phase gated behind full resolution of all issues 
identified in the previous phase. This policy 
contributed directly to the 100% issue resolution 
rate across   all 60 pool sessions. Tracking 
against this plan was active throughout the 
season. When the November 3D printing 
milestone slipped 11 days due to filament supply 
delays, the executive board redistributed electrical 
component testing to fill the gap and authorized a 
fabrication recovery sprint during the December 
holiday break, successfully avoiding any 
compression of the dry test window. This recovery 
is reflected in the 6% "Recovered Deadlines" 
category in the Task Completion Graph (Figure 5) 
and confirmed in the Milestone Tracker (Refer to 
Table 1 Milestone Tracker). 

 Table 1: Milestone Tracker 
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3.0 Design Rationale 

Encore is a durable and serviceable modular 
remotely operated vehicle (ROV) designed to meet 
the mission-specific requirements of the 2026 
MATE ROV Competition. (Refer to Fig 7 for 
Encore ROV Picture). Through the integration of 
customized design features, the vehicle enables 
efficient task execution while maintaining 
compliance with the Marine Advanced Technology 
Education (MATE) Request for Proposals (RFP) 
and supporting the United Nations Sustainable 
Development Goals. The Encore ROV 
successfully adheres to the MATE 2026 RFP size 
constraints with total dimensions of  40 x 35 x 35 
cm, while simultaneously securing the maximum 
weight bonus points by maintaining a dry mass of 
7.60 kg. 

Fig 7: Encore ROV Breakdown 

A. Design Methodology & Process  
The design of Encore is centered on 
mission-driven decision-making and rapid iteration. 
For every subsystem, development begins by 
identifying the specific mission task, ensuring 
objectives remain the primary driver throughout 
the design process. Potential solutions are 
generated through brainstorming and evaluated by 
comparing advantages, limitations, and 
implementation trade-offs. This cycle emphasizes 
producing reliable, cost-effective solutions tailored 
to specific MATE ROV requirements. Encore 
represents the culmination of Overflow Robotics’ 
accumulated experience over multiple competition 
seasons. Lessons learned from previous vehicles 
informed key decisions regarding structural design 
and material selection. While earlier designs 
prioritized rapid prototyping, they revealed 
limitations in durability and precision. These 

insights guided the transition toward the more 
robust construction methods and improved design 
standards seen in Encore.  The design was 
finalized through detailed CAD modeling and 
precision fabrication to ensure dimensional 
accuracy and structural integrity. This approach 
supports modularity and serviceability while 
reducing integration risk, resulting in a vehicle 
balanced for the demanding operational conditions 
of the 2026 competition. 

B. Brainstorming & Ideation Process 

Before any design decision was committed to CAD 
or procurement, every subsystem passed through 
a structured ideation phase conducted across the 
full cross-functional team. Rather than delegating 
concept generation to individual sub-teams in 
isolation, Overflow Robotics used a three-stage 
brainstorming model (Figure 8) to ensure that 
solutions were evaluated from mechanical, 
electrical, and software perspectives 
simultaneously. 

               Fig 8: Brainstorming Stages 

Stage 1 — Problem Decomposition: Each 
mission task from the 2026 MATE RFP was 
broken into discrete physical challenges at a 
dedicated ideation session attended by all 
sub-team leads. For example, the weighted pot 
retrieval task was decomposed into three 
independent problems: generating sufficient 
upward force, securing the pot handle reliably, and 
maintaining stable depth control during ascent. 
This decomposition ensured that brainstorming 
targeted specific engineering constraints rather 
than vague goals. 

Stage 2 — Open Ideation: For each identified 
problem, a 20-minute open ideation round was 
conducted in which all members, regardless of 
sub-team, contributed candidate solutions on a 
shared Notion board without evaluation or 
criticism. This phase generated between 6 and 14 
distinct concepts per problem across the season. 
For the pot retrieval force problem alone, concepts 
ranged from upgraded thrusters and rigid foam 
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attachment to a pneumatic bladder, a 
counter-weight release mechanism, and a 
dedicated ascent winch. No concept was 
discarded during this stage. 

Stage 3 — Structured Filtering: Concepts were 
then evaluated by the relevant sub-team leads 
using a weighted scoring matrix (Table 2) covering 
five criteria: technical feasibility, mission time 
impact, cost, weight penalty, and integration 
complexity. Only solutions that scored above a 
defined threshold advanced to prototyping. This 
process is what produced the trade-off tables seen 
throughout Section 3; each table is the final output 
of a brainstorming cycle, not an after-the-fact 
justification. 

Over the full season, the team ran 18 formal 
ideation sessions covering all major subsystems, 
with an average of 9 concepts generated per 
problem. This volume of ideation was essential to 
arriving at unconventional solutions such as the 
TPU one-way buoy funnel, the 15° tilted O-ball 
collection arms, and the pneumatically-inflated 
airbag retrieval bladder, none of which emerged 
from the first brainstorming round. 

Table 2: Concept Selection for pot retrieve Matrix 

C. Mechanical Systems  
Encore’s mechanical systems form the structural 
foundation of the vehicle, supporting propulsion, 
buoyancy, and mission tooling while maintaining a 
compact and balanced configuration. The design 
emphasizes structural strength, modular 
integration, and serviceability to ensure reliable 
operation during testing and competition.  
1.0 Frame 

In the last season, Overflow Robotics used carbon 
fiber as the main material for the ROV frame. In 
the evaluation of materials, acrylic and aluminum 
alloys were examined in conjunction with carbon 
fiber. Eventually, carbon fiber was selected as the 
main material for the Encore frame due to its 

special features. (Refer to Table 3 for 
comparative analysis)   
The primary advantage of carbon fiber was the 
great strength-to-weight ratio, corrosion 
resistance, and design flexibility which would help 
to realize the objectives. Acrylic, while lightweight 
and economical, is no match for this material for 
strength and durability. Aluminum, while strong, is 
neither lightweight nor resistant to corrosion, and 
does not afford the same flexibility with complex 
designs. Therefore, the frame for the Encore was 
entirely manufactured from carbon fiber and this 
frame was assembled using 3D-printed joints, thus 
resulting in a very lightweight structure with a great 
strength-to-weight ratio. While the carbon fiber 
comes at a high cost, this investment was 
definitely well worth it for the performance and 
durability achieved (Refer to Figure 9 for frame 
only render).      

             Table 3: Material Trade-off 

Encore features a unique and highly functional 
design, equipped with 8 thrusters, 3 manipulators, 
7 cameras, and an electronic housing. Its frame is 
primarily composed of four main components: 

1.​ Upper Plate: Used to mount cameras and the 
handle. 

2.​ Lower Plate: Provides mounting points for 
manipulators and additional cameras. 

3.​ Thruster Fixation Plates: Secure the 
thrusters and light casings in place. 

4.​ Electronic Housing Fixation Plates: 
Connect all frame parts and securely hold the 
electronic housing. 

                            Fig 9: Encore Frame 
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2.0 Buoyancy & ballast 

Encore demonstrates buoyancy, which is the 
ability of an object to stay afloat. Buoyant force is 
the one that decides whether an object will sink or 
float based on its weight and displaced fluid 
weight. When an object floats, it pushes away that 
mass of water equal to its own weight. Conversely, 
if the weight of the object is greater than that of the 
displaced fluid, the object will sink. This principle is 
influenced by the density or weight of the fluid; 
denser fluids can prop up heavier bodies. In a 
static fluid, pressure increases with depth due to 
the weight of the overlying fluid. Therefore, the 
pressure at the bottom of a submerged object is 
greater than at the top, creating an upward 
buoyant force. Using this concept, a spreadsheet 
was developed to calculate the volume, buoyant 
force, and weight of each component in water 
(Table 4). The analysis revealed that Encore was 
slightly negatively buoyant, requiring additional 
foam to achieve neutral buoyancy. Encore's total 
dry weight is 94.44 N, with a displacement volume 
of 9,630 cm³. Archimedes' principle, expressed as 
F_Buoyancy = V × ρ × g, was applied to determine 
neutral.         

           Table 4: Buoyancy Calculations 

buoyancy. The buoyant force was calculated at 
94.44 N. Without foam correction, the vehicle's 
component subtotal produced a net negative 
buoyancy of −14.71 N, as confirmed in Table 4. To 
counteract this, foam flotation was added, 
ensuring the vehicle became neutrally buoyant as 
a key design consideration. The calculated 
buoyancy configuration was validated through a 
structured series of float and pool tests before the 
vehicle was cleared for full-depth operation. In the 
initial float test conducted in August, Encore with 
no foam attached sank to the pool floor at a 
measured descent rate of 0.18 m/s, confirming the 
predicted negative buoyancy of −14.71 N from 
Table 4. Foam flotation blocks totaling 2,300 cm³ 
were then added incrementally in three stages 
1,000 cm³, then 800 cm³, then 500 cm³ with a 
static hover test performed at 1.0 m depth after 
each addition to observe trim and drift rate. After 
the full 2,300 cm³ configuration was installed, 
Encore achieved a measured upward vertical drift 
rate of less than 0.02 m/s at 1.0 m depth with all 
thrusters at zero throttle, confirming near-neutral 
buoyancy consistent with the predicted +0.29 N 
residual. Trim was assessed at 1.5 m depth by 
releasing the vehicle from a horizontal hold and 
observing its orientation after 10 seconds. The 
vehicle maintained a level pitch (< 2° nose-up 
deviation) and zero roll, confirming that the foam 
placement centered longitudinally on the upper 
plate and distributed symmetrically across the port 
and starboard sides produced a stable upright trim 
without ballast redistribution. Ballast weights of 
0.30 kg were added to the lower plate to lower the 
center of gravity relative to the center of buoyancy, 
improving passive roll stability during thruster-off 
hover. Final depth validation was conducted at 5.5 
m, the maximum operating depth for the 2026 
mission, where Encore held station within a ±0.08 
m vertical band for 3 minutes with depth-hold 
mode active, confirming that the buoyancy 
configuration remained stable under the increased 
hydrostatic pressure at full operating depth. 

3.0 Propulsion & Thrusters 

In previous seasons, Overflow Robotics relied on 
Blue Robotics T200 thrusters due to their strong 
thrust-to-current performance and proven 
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reliability. For the 2026 season, the propulsion 
system was re-evaluated to better align with the 
MATE ROV RFP requirements for repeated 
vertical motion and dynamic maneuvering in the 
waves and currents expected at the Newfoundland 
competition site. Testing and analysis showed that 
the previous six-thruster vectored configuration 
was not optimally efficient for sustained vertical 
operation, prompting a comprehensive redesign. 
Multiple propulsion layouts were evaluated through 
force analysis simulations and in-water testing. 
The 3D configuration was adopted over the 
vectored alternative, leveraging all eight thrusters 
across every degree of freedom to improve thrust 
distribution, speed, and vehicle control while 
minimizing size. Thrusters were mounted at 
strategic angles of 30° and 60° in the XY and YZ 
planes, enabling efficient forward propulsion while 
maintaining strong vertical and lateral stability. To 
complement the redesigned layout, Overflow 
Robotics transitioned to ApisQueen U2 thrusters 
(Refer to Table 5 Thruster Comparison). The U2 
was selected for its compact form factor, lower 
mass, and favorable efficiency, reducing drag, 
simplifying buoyancy management, and easing 
integration. Delivering approximately 0.8 kgf while 
saving 70% in size and weight over the T200, the 
U2 also offered a significantly lower unit cost, 
freeing resources for other subsystems. While the 
eight-thruster 
configuration 
increased power 
demand, this was 
justified by the 
gains in vertical 
efficiency, depth 
control, and 
handling 
confirmed through 
simulation and 
in-water testing  

                         Table 5: Thrusters’ Comparison 
4.0 Sealing  

Encore is equipped with a cylindrical electronic 
housing made of HDPE (Refer to Table 6), 
positioned sideways at the center of the vehicle to 
minimize drag. HDPE plates with stainless steel 
glands are mounted on both sides to securely seal 

the cables. Gaskets are fitted on both sides and 
fastened with screws to ensure a watertight seal 
for the HDPE plates. 

                    Table 6: HDPE Trade-off 
D. Electrical Systems 

Encore’s electrical systems form the backbone of 
vehicle control and power delivery, supporting 
propulsion, sensing, and tooling subsystems. The 
system was engineered with an emphasis on 
electrical safety, consistent performance, and 
simplified troubleshooting to ensure dependable 
operation during testing and competition (Refer to 
Figure 10 for Encore Electrical System) 

                Fig 10: Encore Electrical System 

1.0 Major Electrical Components & 
Selection Rationale 

Encore’s electrical system is built around a 
modular, mission-driven architecture designed to 
balance processing capability, reliability, and 
system integration. Components were selected 

   9 



Overflow Robotics | Technical Document                                                            The New Dawn 
 
based on performance requirements, subsystem 
compatibility, and proven reliability in underwater 
robotics applications. 

At the core of the system is the NVIDIA Jetson 
Orin Nano Super, which serves as the primary 
onboard computer. It was selected over the Jetson 
Nano for its significantly higher computational 
performance and improved efficiency, enabling 
real-time processing of data from multiple cameras 
while supporting advanced vision algorithms and 
future software expansion. Although it consumes 
more power, the performance benefits were 
necessary to support the vehicle’s multi-camera 
vision system. Low-level control is handled by a 
Cube flight controller, responsible for 
stabilization, sensor fusion, and actuator control. 
The Cube was chosen over a 
microcontroller-based solution due to its integrated 
high-quality IMU, real-time processing capabilities, 
and proven control firmware, reducing system 
complexity and improving reliability. Depth sensing 
is provided by the Blue Robotics BAR030 
pressure sensor for accurate depth measurement 
and stable vertical control. Motor actuation is 
handled by Blue Robotics ESCs, selected for 
their reliability, smooth control, and electrical 
isolation between high- and low-power systems. 
The vision system includes seven USB cameras 
for full situational awareness and redundancy, 
along with an Intel RealSense depth camera for 
spatial perception and future autonomy support. 
Two USB hubs connect all cameras to the Jetson. 
Three custom PCBs were developed to streamline 
power and signal routing, including camera 
connections, actuator interfaces, regulated power 
distribution, and current backflow protection. 

Fig 11: Electrical components; Left to right: NVIDIA 
Jetson Orin Super nano | ESC | Cube flight 
controller | Anker USB hub 

Side 1: This PCB connects four camera USBs to 
the USB hub, links four actuators to the Cube via 

JST connectors, and provides a stable power 
supply to the Jetson. 

Side 2: Similarly, this PCB connects four additional 
cameras and four actuators. 

Main Power: The system uses ten XT-60 
connectors—one serves as the main input, eight 
distribute power to the thrusters, and one powers 
the other PCBs. This board also includes diodes to 
prevent backflow of current. 

2.0 Power Architecture & Protection 
Strategy 

Power is delivered from the surface station via two 
3 mm copper cables with XT60 connectors, 
chosen for low resistance and high current 
capacity. Onboard, a dedicated Power Distribution 
PCB regulates and distributes power to all 
subsystems (Refer to Table 7 for Power 
Distribution), incorporating diodes to prevent 
reverse polarity and fault propagation. A boost 
converter provides a 19 V rail for the Jetson Orin 
Nano Super, while a DC–DC buck converter 
supplies 5 V to low-voltage systems, including the 
USB cameras, reducing interference between 
high- and low-power circuits. Sixteen bulk and 
decoupling capacitors mitigate voltage drops from 
thruster startup and load changes, ensuring stable 
operation. This power architecture enhances 
electrical stability, protects sensitive electronics, 
and supports reliable performance under dynamic 
competition loads.  Displayed below is the full amp 
distribution budget, including expected and 
measured current values validated at full load. 

 
Table 7: Amp Distribution Budget 

3.0 Signal Architecture & Control 
Integration 
Data communication between the surface station 
and the vehicle is established through a Cat6 
Ethernet tether, providing high bandwidth and 
low-latency transmission of commands and 
telemetry. Commands are received by the Jetson 
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Orin Nano Super, which handles high-level 
processing and forwards structured control inputs 
to the Cube flight controller. This separation 
isolates computationally intensive tasks from 
time-critical control functions, ensuring stable 
operation under high processing loads. The Cube 
executes low-level control loops and distributes 
signals to actuators, with thrusters controlled via 
dedicated PWM channels and other actuators 
connected to auxiliary outputs. Physical separation 
of power and signal wiring reduces 
electromagnetic interference. The Cube also 
provides operational redundancy, maintaining 
basic control in the event of degraded 
communication with the main computer. This 
architecture ensures reliable communication, 
precise control, and consistent vehicle behavior.    
E. Software Architecture 
The software architecture of Encore was designed 
to provide reliable, modular, and scalable control 
of the vehicle while supporting real-time operation 
and future system expansion. The system is 
structured around a layered architecture that 
separates high-level decision-making, 
perception, and operator interaction from 
time-critical control and actuation. This approach 
improves system stability, simplifies debugging, 
and allows individual software modules to be 
developed, tested, and updated independently. 
Before describing individual subsystems, Table 8 
captures how each major system integrates with 
the others—what it outputs, what it depends on, 
and the operational consequence if it fails.  

    Table 8: System dependency and integration 

While Table 8 captures the static dependency 
architecture of Encore's systems, the design also 
required active cross-system negotiation 
throughout the season. Decisions made within one 
sub-team consistently propagated concrete 
changes into others, identifying single points of 

failure and driving major architectural choices, 
including the Cube's redundant control capability 
and the dual-path power distribution PCB design. 

Three representative decision cascades are 
documented in Table 9, demonstrating the 
integrated development approach that underpins 
Encore's architecture.  

 
     Table 9: Encore Subsystem Integration Chains 
1.0 Sensors & perception 

The perception system is centered on an Intel 
RealSense sensor suite, which includes two 
stereo depth cameras, an RGB camera, a laser 
sensor, and an IMU. The stereo cameras estimate 
depth by comparing images from different angles, 
while the laser provides accurate distance 
measurements and the RGB camera captures 
color information. Each frame produces both an 
RGB image and a depth map, allowing the system 
to understand how far every pixel is from the 
camera. The IMU tracks movement and 
orientation, helping align consecutive frames in 
space. All this data is processed on the Jetson. 
For object recognition, a YOLO-based deep 
learning model is used for real-time crab 
detection. The model analyzes live camera 
frames, identifies crabs, and estimates their 
position by linking detection results with depth 
data. Navigation is guided using vision-based line 
detection. Blue lines define the intended path, and 
the ROV continuously adjusts its motion to stay 
centered between them. If it drifts or tilts, the 
system automatically corrects its position. Red 
lines represent restricted zones and are 
intentionally ignored by the navigation logic. 
2.0 Communication Protocols 

The ROV communication system is based on 
Ethernet networking and the MAVLink protocol. 
Ethernet is used to establish a fixed local area 
network (LAN) connecting the Jetson, the Cube 
flight controller, and the control laptop. Both the 
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Jetson and laptop are configured on the same IP 
network, enabling direct device discovery and 
low-latency data exchange. 
For vehicle control, MAVLink is used as the 
primary communication protocol between the 
Cube and the control station. MAVLink Router is 
deployed on the Jetson, allowing it to function as a 
transparent MAVLink bridge between the Cube 
and any device connected to the Jetson. With the 
Cube directly connected to the Jetson and an 
Ethernet link established between the Jetson and 
the laptop, MAVLink Router forwards MAVLink 
packets without modification, making the laptop 
and Cube appear as if they are directly connected. 
This enables seamless integration with ArduPilot 
ground control software such as QGroundControl 
and Mission Planner, allowing joystick input, flight 
controller configuration, motor control, and gripper 
setup to be handled directly from the laptop. 
Without the MAVLink Router, joystick commands 
would require custom Python scripts to capture 
inputs on the laptop, relay them to the Jetson, and 
then transmit MAVLink commands to the Cube, 
eliminating compatibility with standard ground 
control software and requiring manual 
implementation of control logic. The use of 
MAVLink Router therefore simplifies the 
communication architecture while providing 
reliable control and configuration capabilities. 
3.0 Control System 

Control system requirements were derived directly 
from the mission task specifications in the 2026 
MATE RFP, documented before implementation, 
and verified through structured pool testing. The 
table below maps each mission task to its derived 
control requirement, the verification method used, 
and the result was achieved.  

Table 10: Mission task test with results. 
The control architecture is organized into two 
layers: an inner loop and an outer loop. The inner 
loop runs on the Cube Orange flight controller and 
uses PID control to stabilize the ROV’s motion 
(Figure 12 for pid architecture). It continuously 

processes sensor data such as orientation and 
position and adjusts actuators in real time to 
maintain stability and track commanded motion, 
operating independently of operator input. The 
outer loop serves as the high-level control layer, 
where commands originate from either the joystick 
or autonomous scripts running on the Jetson or 
laptop. This layer provides guidance to the inner 
loop, enabling tasks such as path following, 
alignment between blue lines, and obstacle 
avoidance. When autonomous mode is enabled, 
the ROV performs mission tasks without human 
intervention using feedback from onboard 
perception systems. 

        Fig 12: PID Control Architecture for Encore 
4.0 Software Stack 

The software stack is organized in layers (Refer to 
Figure 13 for stack flowchart) to ensure smooth 
and reliable operation. At the base, it runs on a 
Linux operating system, which provides stability, 
manages hardware resources, and handles 
networking. High-level software is mainly written in 
Python and C++, relying on tools that are central 
to the ROV's operation. OpenCV is used for 
general image processing, the Intel RealSense 
SDK handles RGB and depth data acquisition, and 
YOLO enables fast object detection. NumPy 
supports numerical computations, while Ethernet 
over IP ensures reliable communication between 
the Jetson and the control laptop. 

                      Fig 13: Software Stack 

Software development followed a feature-branch 
Git workflow hosted on a private GitHub repository, 
with a structured branch naming convention 
enforced across all contributors. Branch names 
follow the pattern 
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feature/[module]-[description] for new 
functionality for example 
feature/yolo-crab-detection and 
feature/transect-hsv-tuning 
fix/[module]-[issue] for bug corrections 
such as fix/mavlink-bridge-dropout, and 
test/[module] for isolated unit test scripts. No 
code was merged to the main branch without a 
pull request reviewed and approved by at least 
one member from a different sub-team, enforcing 
cross-functional review on every change. The PR 
template required the author to state: (1) what the 
change does, (2) which mission task or subsystem 
it affects, and (3) the test performed to verify it 
before submission. Each software module YOLO 
detection, transect navigation, GUI, MAVLink 
bridge was developed and unit-tested 
independently on its feature branch before 
integration. Integration testing was then conducted 
in the following sequence: 

1.​ Individual sensor verification 
2.​ MAVLink bridge validation via 

QGroundControl 
3.​ Full-stack pool test 

Version tags were created at each major 
milestone to enable rollback if integration failures 
occurred. The current software design has known 
limitations that inform the testing strategy and 
represent areas for future development. The 
YOLO crab detection model was trained 
exclusively on frames extracted from videos of 
printed crab images rather than live underwater 
specimens, creating a domain gap that may 
reduce detection confidence in the variable lighting 
and turbidity conditions of the Newfoundland 
competition pool. The transect navigation 
algorithm relies on HSV color thresholding and is 
sensitive to ambient light intensity; significant 
changes in pool lighting between practice and 
competition runs may require real-time threshold 
recalibration. The SLAM-based 3D mapping 
pipeline is not yet executed in real time at full 
camera resolution; it operates on down-sampled 
frames to meet Jetson's processing budget, which 
reduces map fidelity for small objects. These 
limitations were acknowledged during design 
review and mitigated through extensive pool 
testing under varied lighting conditions, dataset 
augmentation in RoboFlow, and conservative 
mission planning that does not rely on SLAM 
output for time-critical decisions.  
5.0 Assisted & Autonomous Functions 

Transect: This system uses computer vision to 
autonomously detect and navigate between two 
blue lines using real-time video, which is also 
recorded for post-run review and analysis. HSV 
color space was chosen over BGR for robustness 
under varying lighting conditions. Morphological 
filtering reduces noise and fills gaps, while 
contour-based detection identifies valid lines 
based on size and aspect ratio. Line centers are 
calculated using image moments, and the midpoint 
between them is used for alignment. Forward 
motion is commanded when centered, and 
realignment occurs if one line is lost. Traditional 
computer vision was selected over deep learning 
to avoid training requirements, and Canny edge 
detection was rejected due to noise sensitivity.  
Crab Detection: Crab detection was implemented 
using a YOLO-based deep learning model for 
real-time object detection. YOLO was chosen over 
R-CNN due to its superior processing speed. A 
dataset was created by extracting frames from 
videos of printed crab images, manually 
annotating them in RoboFlow, and applying 
automated data augmentation to increase dataset 
size. RoboFlow was selected for its integrated 
annotation, augmentation, and export capabilities. 
3D Model: For the 3D modeling mission task, 
the team employed AI-assisted photogrammetry 
using Tripo3D as the primary tool. 
Photogrammetry reconstructs a three-dimensional 
model from a series of overlapping images by 
identifying common feature points across frames. 
Tripo3D automates this pipeline through machine 
learning, enabling accurate 3D reconstruction 
without requiring specialized modeling expertise or 
extensive processing time. This approach was 
selected over manual video capture methods, 
where the pilot would be required to systematically 
orbit the target object to ensure full surface 
coverage, consuming valuable mission time and 
increasing pilot workload. By leveraging 
AI-assisted photogrammetry, sufficient image data 
can be captured incidentally during task execution, 
eliminating the need for a dedicated sweeping 
pass and freeing mission time for other tasks.  
Measuring Distance: Distance measurements 
are obtained using Intel RealSense RGB, stereo, 
and IR depth data to provide pixel-level distance 
information. Stereo and IR sensors enable 
full-object distance measurement, unlike ultrasonic 
sensors, which were rejected due to limited range 
and point-only measurement. Distances are 
extracted and displayed using the RealSense 
Viewer. 
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F. Tether 

1.0 Integrated Tether Design 

The Encore system utilizes a 
dual-line tether assembly 
designed for high-power 
throughput and low-latency data, 
while maintaining a low                      Fig 14: Tether 
hydrodynamic profile (Figure 14). The assembly 
consists of a VideoRay multi-conductor cable 
and a parallel high-flexibility pneumatic line, 
unified within a custom braided sleeve to prevent 
snagging.           
Internal Architecture of the VideoRay Cable: 
Power Core: The tether contains two 3mm 
heavy-duty power wires, providing the 
high-current capacity required to drive the 
eight-thruster propulsion system without significant 
voltage drop over the 20-meter run. 
Data Core: A CAT6 Ethernet cable is integrated 
centrally within the VideoRay jacket. This 
twisted-pair configuration is essential for 
maintaining a high-bandwidth connection for the 
7-camera HD vision system and real-time 
telemetry from the NVIDIA Jetson Orin Nano 
Super. 

      Table 11: Resistance for tether calculation 
EMI Mitigation: The internal layout is designed to 
isolate the high-frequency data signals in the CAT6 
core from the electromagnetic interference (EMI) 
generated by the adjacent 3mm power conductors. 
Pneumatic Support: A single 6mm polyurethane 
line runs parallel to the VideoRay cable, delivering 
constant pressure to the three carbon fiber 
manipulators for rapid, precise underwater 
actuation. 
Navigation Aids: The assembly features 
high-visibility color-coded markers (Table 12) 
at specific intervals. These serve as a visual "fuel 
gauge" for the pilot, indicating exactly how much of 
the 20-meter line remains available for 
deep-environment exploration. 
Buoyancy & Torsion Control: To prevent "tether 
drag," we integrated strategic foam flotation for 

near-neutral buoyancy. At the vehicle interface, a 
360° rotating strain-relief mechanism decouples 
the vehicle’s six-degree-of-freedom rotations from 
the tether, protecting the 3mm power wires and 
CAT6 core from fatigue and twisting. 

   Table 12:  Color Coding for Tether Length 

2.0 Tether Management Protocol 

To ensure operational safety and protect the 
internal conductors, the team adheres to a strict 
three-phase protocol: 
Phase 1: Pre-Dive Setup 
Mechanical First: The 360° strain relief is 
anchored to the ROV frame before any electrical 
or pneumatic connections are made, ensuring no 
tension is placed on the pins. 
Reel Deployment: The tether is unspooled 
directly from the rotary reel; any coiling on the pool 
deck is prohibited to prevent tripping or crushing. 
Phase 2: In-Water Operations 
The Dedicated Tetherman: One crew member is 
assigned exclusively to monitor the line, feeding 
out slack to support 38% improvement in vertical 
speed while ensuring the tether does not drift into 
the thruster intake. 
Rotational Awareness: The pilot monitors the 
color-coded markers and avoids excessive axial 
turns to preserve the copper structure of the 
internal power and data lines. 
Phase 3: Post-Dive Recovery 
Safe Isolation: Topside power is disconnected 
first, followed by data and pneumatics. 
Careful Spooling: The tether is wiped clean and 
spooled back onto the reel in even layers to avoid 
"cable memory," which can lead to permanent 
kinking and internal conductor failure.

 
          Table 13: Tether emergencies call outs 
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G. Payloads  

1.0 Cameras:  

Equipped with seven strategically placed cameras, 
Encore’s cameras deliver comprehensive visual 
coverage for navigation and task execution (Refer 
to Table 14). The cameras provide simultaneous 
forward, downward, side, rear, and tool-facing 
views, allowing the pilot to maintain full situational 
awareness at all times. This configuration supports 
precise maneuvering, accurate payload 
manipulation, and effective obstacle avoidance 
while reducing blind spots.  

The multi-camera setup improves mission 
efficiency by limiting unnecessary repositioning 
and ensuring critical operations can be performed 
with confidence and accuracy. 

              Table 14: Cameras Index 
2.0 Sensors: 
Encore utilizes a Bar030 pressure sensor from 
Blue Robotics (Refer to Figure 
15) along with a Cube IMU that 
integrates a compass and 
accelerometer to provide 
accurate and reliable navigation 
data.                                       Fig 15: Depth Sensor 
The Bar030 sensor enables precise depth 
measurement, allowing Encore to maintain stable 
depth control and execute missions that require 
consistent vertical positioning. The Cube IMU 
supplies real-time orientation, heading, and 
acceleration data, which are essential for 
maintaining vehicle stability, smooth maneuvering, 
and accurate directional control. Together, these 
sensors enhance Encore’s ability to perform 
controlled movements, navigate complex 
underwater environments, and collect dependable 
data throughout each mission. (Refer to Table 15 
for Sensor Selection). 
 

 
             Table 15: Sensors' Selection 
3.0 Manipulators 
The 2026 MATE mission requires interaction with 
objects across multiple spatial orientations: 
horizontal gripping for cap removal and connector 
installation, vertical clamping for pot and coral 
basket retrieval, and simultaneous two-point 
contact for tasks requiring bilateral engagement. 
Rather than designing separate mechanisms for 
each orientation, Encore uses three identical dual 
horizontal manipulators (Figure 16), each capable 
of operating in both horizontal and vertical 
orientations by rotating the mounting bracket 90°. 
This standardization reduces fabrication 
complexity, lowers spare parts overhead, and 
allows any manipulator to be redeployed to a 
different task configuration between runs without 
design modification. All three are fabricated from 
carbon fiber and 3D-printed components and 
operated by double-acting pneumatic pistons 
controlled by 5/2 solenoid valves. 

             Fig 16: Dual Horizontal Manipulator 
Dual Horizontal Manipulator - Horizontal 
Configuration: Mounted on the lower plate in the 
standard horizontal orientation. Used for: removing 
the power connector cap, installing the power 
connector, and connecting the sensor to the 
station. The dual-arm geometry provides 
simultaneous two-point contact on symmetrical 
objects, improving grip stability and reducing the 
precision required from the pilot during 
engagement. 
Dual Horizontal Manipulator - Vertical 
Configuration: The same manipulator design 
rotated 90° at the mounting bracket, reorienting 
the gripping axis to vertical. Used for: releasing 
and recovering the weighted pot by its handle, and 
recovering coral baskets by engaging the 
substrate frame and star attachments. The ability 
to redeploy the same hardware in a vertical 
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orientation eliminates the need for a separate 
scissor mechanism, saving both weight and a 
dedicated pneumatic line. 
4.0 Mission Specific Tools 

The 2026 MATE RFP demands repeated vertical 
transport of objects across a 5.5m water column, 
retrieving weighted pots from the seafloor, 
collecting negatively buoyant O-balls, and securing 
anchor lines at depth. None of these tasks could 
be reliably solved with thruster power alone. Each 
required a dedicated mechanical innovation 
designed around the specific physics of the task. 
Airbag-Assisted Pot Retrieval: The weighted pot 
exceeded Encore's continuous vertical thrust 
capacity, making unassisted ascent either 
thermally unsafe or too slow for mission time limits. 
A thruster upgrade and rigid foam attachment 
were both rejected; the former exceeded the 25A 
fuse rating, the latter added pre-rigging 
dependency. The solution was a 
pneumatically-inflated centered bladder providing 
2.5 kg of additional buoyancy on demand, 
reducing thruster ascent load by 60%. Pot retrieval 
completed within time limits in 100% of final 
validation runs. 
One-Way Flexible Buoy Anchor Mechanism: 
Threading a line onto a U-bolt at depth requires 
precise angular alignment. Initial pool testing with 
a rigid hook achieved below 40% first-attempt 
success due to vehicle oscillation. Magnetic 
coupling was rejected as the U-bolt is 
non-ferromagnetic stainless steel. The solution 
was a TPU funnel with inward-facing flexible 
fingers tolerating 360° of 
approach angle, connected to a 
bearing-mounted spooling wheel. 
Post-iteration first-attempt 
success rate reached 100% 
across all mission simulations.        Fig 17: Flexible  
                                                            Mechanism 
O-Ball Tilted Collection Arms: O-balls are 
negatively buoyant. Horizontal collection arms 
achieved 0% retention during ascent as upward 
water flow displaced the balls over the tray edge. 
A sealed lid mechanism was rejected for adding 
pneumatic complexity. A 15° inward tilt was 
determined empirically, 10° was insufficient at full 
ascent speed, and 20° caused frame contact 
creating a bowl geometry that uses the ball's own 
negative buoyancy to hold it in 
place. Retention rate reached 
100% with no additional 
mechanisms or pilot inputs 
required.                                  Fig 18: Tilted Arm 

Non-ROV Device (Float) 
Buoyancy Control System: The float regulates 
ascent and descent using a buoyancy engine that 
alters mass by drawing in or expelling water. A 
motor driver and power screw linear actuator 
extend four 50-mL syringes to intake water 
(negative buoyancy) and retract them to expel it 
(positive buoyancy). Dual limit switches protect the 
system from overextension, preventing internal 
leakage or syringe separation. 
Structural Design: The internal frame features six 
machined iron rings with component mounting 
holes, housed inside a transparent cylindrical 
acrylic shell for maximum visibility. The assembly 
is secured by two pop-off valves for overpressure 
relief, while the caps utilize dual rubber O-rings to 
maintain a watertight seal down to six meters. The 
top cap features two sealed cable glands for the 
pneumatic lines connected to the syringes. 
Control and Electronics: An ESP32 
microcontroller manages system communication 
and drives the motor driver for bidirectional 
actuator motion, ensuring precise buoyancy 
adjustments. 

H. Build Vs Buy & New Vs Reused: 
The team categorized components based on 
whether in-house production would provide a 
significant advantage or if the complexity of the 
part necessitated a commercial purchase. Any 
component where in-house fabrication achieved 
>30% cost savings AND required no specialized 
certification (e.g., pressure calibration) was built 
in-house. Components requiring factory-grade 
tolerances, specialized waterproofing, or 
calibration equipment were purchased. (Refer to 
Table 16) Savings in fabrication funded the 60 
pool sessions totaling $450. 

             Table 16: Build vs Buy Justification  
Pressure Sensor (Buy): The team purchased the 
Blue Robotics Bar030. While expensive, the 
decision avoided the extensive trial-and-error 
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costs associated with developing a custom sensor 
capable of maintaining high-precision depth data. 
Waterproof Thrusters (Buy): ApisQueen U2 were 
purchased off-the-shelf. The R&D required to 
reliably seal brushless motors in-house was 
deemed impractical compared to the immediate 
reliability of a commercial solution. 
Electronic Enclosure (Build): Designed and 
manufactured in-house to achieve a 70% cost 
reduction compared to market alternatives. This 
approach provided total flexibility in dimensions 
and modularity for internal mounting. 
Electronic System (Build): Custom PCBs were 
designed in-house. Although this required 
significant engineering effort, it proved more 
cost-effective and ensured the system could be 
easily upgraded for future iterations. 
●​New vs. Reused: Resource Optimization 

Reusing existing inventory was a key tactic for 
reducing overhead. To ensure "reused" did not 
mean "compromised," all components underwent 
a rigorous testing phase before integration. 

Table 17: New Vs Reused Justification 
Thrusters (New): The company decided to invest 
in ApisQueen u2 thrusters as they meet the 
company's new design methodology. 
Tether (New): The vehicle’s tether was a new 
component as the company used VideoRay single 
cable buoyant tether. 
Pneumatic Components (Reused): Various valves 
and fittings underwent performance and pressure 
tests to ensure safety and functional integrity 
under operational loads. 
Here are some of the tests performed on reused 
components. 
Pneumatic pistons (Reused): pressure-tested at 8 
bar for 30 minutes, no leakage detected. These 
components directly serve the 2026 RFP 

requirement to interact with objects across multiple 
spatial orientations, specifically the cap removal 
task, which requires a minimum grip force of 1.5 
kg sustained across manipulators’ full travel range. 
Magnets (Reused): pull-force tested at 2.3 kg, 
meets 2026 mission requirement of >1.5 kg. 
RealSense D435i (Reused): depth accuracy 
verified at 0.5/1.0/2.0m, within 2% of 
specifications. The 2026 RFP requires 
measurement of object dimensions and distances 
to within ±5 cm accuracy; depth accuracy verified 
at 0.5 m, 1.0 m, and 2.0 m within 2% of 
manufacturer specification confirms the sensor 
meets this requirement at all operationally relevant 
ranges, and its RGB output feeds the SLAM 
pipeline required for the 3D modelling task.  

4.0 Safety and Risk Mitigation 

A. Safety Rationale the Triple-Zero 
Initiative 
Overflow Robotics operates under the Triple-Zero 
Initiative: Zero preventable injuries, Zero 
unplanned system shutdowns, and Zero 
environmental contamination. Every protocol 
below is a direct engineering response to an 
identified risk category across personnel, 
equipment, and operational safety. 
Personnel Safety is managed through a three-tier 
competency system enforced by the Internal 
Safety Competency Audit (ISCA) (Refer to Table 
18). No member operates above their certified tier. 
A Tier 3 supervisor must be present during all pool 
deployments. 

       Table 18: Personnel Safety Requirements 
Equipment Safety governs the ROV across its full 
operational cycle. Carbon fiber cutting is 
performed under a HEPA extraction unit. The 
electronics housing is pressure-tested to 0.6 bar 
(6m equivalent — 1.1× operating depth) before 
every in-water session. Following each pool test, 
the housing is opened and inspected for moisture, 
corrosion, and seal compression. A structured 
inspection log is maintained across all 60 testing 
sessions in the team's Notion workspace. 
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Operational Safety is managed through the 
Human-Machine Interface (HMI) protocol. The 
Pilot and Tetherman maintain unobstructed 
sightlines to the ROV at all times, with all 
commands confirmed through verbal 
call-and-response before any thruster activation. 
During airbag retrieval and pneumatic manipulator 
tasks, a dedicated Deck Safety Monitor is 
assigned responsible solely for tether 
management and poolside hazard monitoring 
while the Pilot focuses on the tasks. 
Environmental Safety is embedded into material 
selection. Encore uses non-toxic expanded 
polyethylene foam and food-grade silicone O-rings 
exclusively, ensuring no hazardous discharge in 
the event of a structural breach. 

B. Vehicle-Specific Safety Systems 
Encore's safety architecture uses Active 
(software-enforced) and Passive 
(hardware-enforced) layers, each tied to specific 
mission task hazards: 
Active — Hall-Effect Current Monitoring. 
Hall-effect sensors on the power distribution PCB 
monitor each thruster output. If any thruster 
exceeds 3A, the firmware triggers an automatic 
Current-Cutoff within 40ms while maintaining 
power to all remaining thrusters. Mission 
relevance: the buoy anchor lateral approach brings 
the tether near Thrusters 5 and 6 entanglements 
without this protection risks motor burnout or 
arcing at the surface supply. 
Active — Dual Leak Detection Array. Two 
moisture sensors sit at the lowest point inside the 
electronics housing, determined based on the 
vehicle's neutral position. Detection triggers a 
visual HUD alarm, which is monitored by the Deck 
Safety Monitor, and an audio alert at the surface, 
initiating immediate emergency ascent. Mission 
relevance: the pot retrieval task combines 
maximum operating depth with the pressurized 
airbag assembly, representing the highest 
simultaneous stress on the housing seal.  
Active — Depth-Triggered Overspeed Alert. If 
the descent rate exceeds 0.3 m/s below 4.5m, the 
system flags an alert. Added after pool testing 
showed the deflated airbag assembly generates 
2.65N of negative buoyancy, creating an 
uncontrolled descent risk during pot retrieval. 
Passive — Mesh-Grid Thruster Shrouds. All 
eight U2 thrusters are enclosed in 3D-printed 
shrouds with a maximum 8mm aperture, 
exceeding MATE specification MECH006 and 

preventing finger contact at any approach angle. 
Mission relevance: coral basket recovery operates 
in close proximity to substrate structures and diver 
safety lanes. 
Passive — 40 PSI Manual Bleed Valve. The 
topside pneumatic manifold includes a manual 
bleed valve that depressurizes the full system in 
under 2 seconds. Activated by the Deck Safety 
Monitor if a pneumatic line is compromised, a 
manipulator fails to return to neutral. 
Passive — Rounded and Deburred Frame 
Geometry. All carbon fiber edges are routed to a 
2mm radius and wet-sanded to 400 grits. Mission 
relevance: during O-ball collection, deck crew 
handle the ROV immediately after retrieval while 
the tilted collection arms are still loaded sharp 
edges under mechanical stress are a direct 
laceration hazard. 

C. Safety Procedures and Workspace 
Management 
Splash Zone: A 2-meter exclusion zone marked 
with safety tape surrounds the pool edge during all 
deployments. No electronic equipment other than 
the ROV, and no non-operational personnel, may 
enter this zone. The Tetherman operates from the 
boundary using a 3-meter handling extension. 
Fabrication Safety: All soldering is performed at 
stations equipped with fume extraction and 
heat-resistant mats. A "hot iron in holder only" rule 
is enforced by the Tier 3 supervisor at all times. 
Conformal coating application is performed in a 
dedicated ventilated enclosure. 
PPE: Eye protection and closed-toe footwear are 
mandatory for all poolside personnel. Gloves are 
mandatory for carbon fiber handling and 
pneumatic pressurization. The Tether-Safe policy 
prohibits loose clothing or jewelry within 1 meter of 
the tether spool. 
Post-Incident Review: Every unplanned event is 
documented within 24 hours in Notion, capturing 
root cause, contributing factors, immediate 
corrective action, and long-term process change. 
Six incident reports were filed during the 2026 
season; none of their root causes recurred after 
corrective actions were implemented. 
5.0 Critical Analysis 

A. Testing Methodology and Validation 
Encore's testing program follows a structured 
bottom-up validation framework in which no 
system is integrated until its constituent 
components are independently verified. This 
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approach was chosen to isolate failure modes 
early, reduce integration risk, and ensure that 
performance data at each level is traceable to a 
specific design requirement. 
The framework operates across four sequential 
phases (Refer to Table 19). 
Each phase must pass before the next begins. 
Failures at any phase trigger a return to 
component-level diagnosis before re-integration. 

 
 
 
 
 
 
 

Table 19: Framework Phases 
Component-level testing focused on thrusters 
and electronics. Each ApisQueen U2 thruster was 
submerged individually and tested at 25%, 50%, 
75%, and 100% throttle to measure thrust output, 
current draw, and thermal rise over a 10-minute 
sustained run. Acceptance criterion: current draw 
must not exceed 9A at full throttle and housing 
temperature must not exceed 45°C. All eight 
thrusters passed on first test. 
Subsystem-level testing focused on sealing 
integrity and propulsion performance. The 
electronics housing was pressure-tested to 0.6 bar 
(6m equivalent, 1.1× operating depth) using a 
hand pump and dial gauge before any in-water 
deployment. Propulsion performance was 
measured as time-to-depth at 5.0m, with a target 
of under 30 seconds derived from mission task 
timing requirements. 
System and mission-level testing was 
conducted weekly across 60 pool sessions totaling 
700 hours. Performance data was logged each 
session and reviewed at the Thursday board 
meeting to drive the following week’s design 

 
 
 
 
 
 
  

Table 20: System & Mission Level Testing 

changes. Final validation required Encore to 
complete all predefined maneuvers, depth 
changes, station-keeping, obstacle avoidance, and 
all four 2026 mission tasks within competition time 
limits on three consecutive runs before the vehicle 
was declared competition-ready. (Table 20) 
B. Troubleshooting Strategies & 
Diagnostic Techniques 

Encore's troubleshooting methodology was built 
around a principle of evidence-first diagnosis: no 
component was replaced or modified until the root 
cause of a failure was confirmed through 
measurement. This discipline was enforced across 
all 60 pool sessions and resulted in six formal 
incident reports, none of whose root causes 
recurred after corrective action was applied. 

         Figure 19: three tier failure approach  
The team employed a three-tier diagnostic 
hierarchy depending on the nature and location of 
the fault: 
Electrical faults were isolated using a structured 
power-down sequence. When an anomalous 
reading or unexpected behavior occurred, the 
system was first checked at the surface supply 
before any onboard component was examined. A 
clamp ammeter was used to measure per-thruster 
current draw in real time, and an oscilloscope was 
used to verify PWM signal integrity at the ESC 
inputs. This approach was instrumental in 
identifying a ground loop introduced during the 
integration of Side PCB 1, which caused 
intermittent camera dropouts. The fault was initially 
misattributed to a USB hub failure; current 
measurement at the affected rail revealed a 0.3 A 
offset that led directly to the real cause of a shared 
ground path between the camera power rail and 
the Jetson's 19 V input. 

   19 



Overflow Robotics | Technical Document                                                            The New Dawn 
 
Mechanical and sealing faults were diagnosed 
using a pressure decay test conducted with a hand 
pump and calibrated dial gauge before every 
in-water session. Any reading below 0.55 bar 
within 60 seconds of pressurization triggered a full 
O-ring inspection and resealing procedure before 
the vehicle entered the water. This protocol 
identified two instances of O-ring compression set 
over the season, both detected pre-dives, 
preventing in-water flooding events. 

Software and control faults were isolated using 
QGroundControl's telemetry logs, which were 
reviewed after every pool session alongside 
recorded camera footage. When the transect 
navigation system produced erratic corrections 
during pool session 14, log review revealed the 
issue was not in the algorithm but in inconsistent 
ambient lighting causing HSV threshold drift. The 
fix tightening the hue band and adding a 
brightness normalization step was validated in a 
dry test before the next pool session. 

C. Prototyping & Iterative Development 
Every mission-specific tool on Encore reached its 
final design through a minimum of two physical 
prototype iterations, each informed by quantified 
failure data from the previous version. The team 
adopted a build-measure-fix cycle in which no 
iteration advanced without a clearly defined 
success metric, ensuring that design changes 
were driven by data rather than intuition. 

Table 21: Prototypes iteration spreadsheet 

Airbag retrieval system: The requirement was to 
lift a weighted pot exceeding Encore's continuous 

vertical thrust capacity within mission time limits. 
Prototype 1 was a thrust-only approach with an 
increased PWM ceiling. Bench testing showed it 
would require 26A at full load, exceeding the 25A 
fuse rating and creating a thermal risk. Rejected. 
Prototype 2 was a rigid closed-cell foam block 
bonded to the pot retrieval bracket. Pool testing 
revealed that pre-rigging the foam before each run 
added 40 seconds of setup time and introduced a 
single-point dependency on the surface crew. 
Rejected. Prototype 3 was a pneumatically inflated 
centered bladder. Bench testing confirmed 2.5 kg 
of additional lift at 6 bars. Pool validation across 12 
runs achieved 100% completion within time limits 
with no surface pre-rigging required. Selected. 

One-way buoy anchor mechanism: The 
requirement was to thread a line through a U-bolt 
at depth. Prototype 1, a rigid stainless-steel hook, 
yielded a 40% first-attempt success rate across 15 
pool trials; failure was caused by vehicle oscillation 
preventing precise angular alignment. Rejected. 
Prototype 2 introduced magnetic coupling, rejected 
at the design stage when the U-bolt material was 
confirmed as non-ferromagnetic 316 stainless 
steel. Prototype 3 was a TPU funnel with 
inward-facing flexible fingers providing 360° 
approach tolerance, attached to a 
bearing-mounted spooling wheel. After two 
iterations of finger geometry (the first version's 
fingers were too stiff and deflected laterally), the 
final version achieved 100% first-attempt success 
across all mission simulations. 

O-ball collection arms: The requirement was to 
collect negatively buoyant O-balls and retain them 
during a 5.5 m ascent. Prototype 1, a flat 
horizontal tray, showed 0% retention as upward 
water flow at full ascent speed displaced every ball 
over the edge. Prototype 2 introduced a 10° 
inward tilt; pool testing improved retention to 60%, 
but balls were still lost at maximum ascent speed. 
Prototype 3 used a 15° inward tilt, determined 
empirically by testing angles from 10° to 20° in 
2.5° increments. At 15°, the geometry creates a 
bowl effect that uses the ball's negative buoyancy 
to hold it against the ascent flow. Pool testing 
achieved 100% retention with no additional 
mechanisms or pilot inputs. 

Thruster configuration: The original six-thruster 
vectored layout from the 2025 vehicle was carried 
into the early 2026 design phase as Prototype 1. 
Force analysis simulations and initial float tests 
revealed it could not sustain the vertical thrust 
required for repeated 4 m depth cycling within 
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mission time limits. A 3D-printed mock-up of the 
eight-thruster 3D configuration was assembled on 
the existing frame within one week and float-tested 
in August. Time-to-depth improved from 48 
seconds to under 22 seconds - well within the 
30-second target - validating the configuration for 
full fabrication. 

Across all four development tracks, the iterative 
process reduced average first-attempt success 
rates from 28% on Prototype 1 to 100% on the 
final validated version, demonstrating that the 
team's build-measure-fix methodology was the 
primary driver of competition readiness.  
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8.0 Accounting  

A. Budget 

          Table 22: Total Income & income sources 

At the beginning of the season, Overflow Robotics 
adopted a responsible and proactive approach to 
budgeting, drawing on insights from the previous 
year’s financial records alongside research into 
local suppliers to secure reasonable pricing for 
major components. Each sub-team contributed 
detailed cost assessments and technical 
justifications for their proposed expenses. After 
review and approval by the CEO and CFO, teams 
proceeded with technical development while 
ensuring that design decisions remained aligned 
with the established financial plan. In addition to 
direct technical expenses, portions of the budget 
were allocated to team identity and outreach 
initiatives such as team apparel, marketing 
materials, and social media engagement, which 
support visibility and long-term sustainability. A 
significant portion of the project funding was 
achieved through self-funding efforts by team 
members, supplemented by organized fundraising 
activities throughout the season. These included 
the establishment of fundraising booths, hosting a 
mid-year robotics camp, and organizing 
robotics-related events that both supported 
financial needs and promoted STEM engagement 
within the community. For travel planning, a 
structured budget allocation was provided to each 
team member, encouraging personal responsibility 
for expenses and fostering a culture of 
accountability. Overall, the budgeting process 
enabled effective resource allocation while 

maintaining financial sustainability, supporting both 
the technical development of the ROV and the 
broader growth of Overflow Robotics’ initiatives. 
(Refer to Table 22 for estimated cost and total 
income spreadsheet). 

B. Cost 
Economic instability and component price 
fluctuations in Egypt required continuous budget 
reassessments. (Refer to Table 23 for total 
project value) To maintain financial responsibility 
without sacrificing ROV reliability, Overflow 
Robotics adopted cost-efficient engineering 
solutions. High import tariffs and international 
market volatility heavily impacted the cost of 
essential electronics and specialized tools. In 
response, the team minimized expenses through 
targeted fundraising, fair resource allocation, and a 
strict "make vs. buy vs. recycle" evaluation. While 
demanding more design and manufacturing effort, 
custom in-house fabrication and material reuse 
successfully reduced costs while maintaining high 
performance standards.  

Table 23: Total Project Value 

    Table 24: Estimated travel expenses in USD 
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9.0 SID 

A. Electrical SID: 

  Fig 20: Electrical SID                                                 

B. Pneumatic SID: 

Fig 21: Pneumatic SID 
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10.0 Appendices: 

A. Total Cost 

                                                    Table 25: Total Cost Breakdown 
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B. Safety Checklist 

                                                         Fig 22: Safety Checklist 
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