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Abstract—T his paper details the RoboSub 2026
entry by Project Poseidon's Code, Bangladesh's
first high-school-university joint team. Prioritiz-
ing reliability over breadth, our strategy targets
the consistent completion of core tasks. The AUV
features an 8-thruster, 45° fully vectored layout
for holonomic 6-DOF control, housed in a light-
weight carbon-fiber and machined-aluminum
chassis. The autonomy stack integrates a Pix-
hawk vé6x and Jetson Orin Nano, running
YOLOvV8 via an OAK-D stereo camera. To pre-
serve buoyancy trim, interchangeable payloads
are swapped between runs. This report outlines
our competition strategy, design rationale, and
testing methodology.

|. COMPETITION STRATEGY
A. General Strategy and Team Context

Project Poseidon’s Code is the first
high-school-university joint team to enter RoboSub
from Bangladesh. The team is structured into four
subteams: Mechanical, Electrical, Software, and
Documentation. The team operates under the tech-
nical mentorship of the UIU Centre for Artificial In-
telligence and Robotics (CAIR)and the institutional
support of Dhaka Residential Model College. Ro-
boSub 2026 [13] is the team’s debut international
competition.

Our approach is to develop a robot that can per-
form a few basic functions well and in a consistent
manner, rather than trying to do everything. We use
real pool footage for testing and training our system
because real underwater conditions are different
from simulation. Given the time and resources con-
straints, our emphasis was stable, simple, and com-
petition performance. As Bangladesh's first entry
into RoboSub, the documented baseline we bring
back from 2026 matters more than the headline
score.

B. Mission Task Strategy

Gateand Slalom-The mission startswith the gate
task, where the vehicle selects the Survey and Re-
pair side and performs the roll bonus after passing
through. The custom vectored thruster layout ena-
bles stable rolling and forward motion simultane-
ously. Using the front-facing OAK-D Camera,
IMU, and onboard LEDs, the AUV maintains accu-
rate alignment and visibility underwater. After pass-
ing through the gate, the vehicle proceedsdirectly to
the slalom task. The lightweight carbon fibre struc-
ture and full 6-DOF control allow smooth turning,
fast correction, and minimal drift while navigating
through the buoy field inside the boundary.
Bin and Torpedo-For the bin task, the camera ena-
bles accurate alignment for marker dropping using
stable lateral movement without unnecessary rota-
tion. During the torpedo task, the OAK-D Camera
and onboard LEDs assist target tracking, while the
stable frame improves  firing  accuracy.
Octagon and Return Gate-For the octagon task, the
gripper payload is mounted separately to keep the
vehicle lightweight and manoeuvrable. The six car-
bon fibre buoyancy tubes maintain stable ascent and
resurfacing during the task. After completing the oc-
tagon, the vehicle immediately navigates back
through the return gate using onboard vision, MU
feedback, and efficient power usage from the light-
weight design.

C. Vehicle Capability Envelope

Our AUV is kept very lightweight to ensure sta-
ble and efficient 6-DOF control. The 45° lateral and
35° vertical vectored thruster setup works properly
only with this low mass, allowing smooth surge,
sway, and heave motion with low power use. If the
vehicle becomes heavy, it loses maneuverability,
consumes more power, and cannot respond accu
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rately to control inputs, making mission perfor-
mance unreliable. To avoid this, we do not mount
the dropper, torpedo launcher, and gripper together.
Carrying all of them increases weight, drag, and re-
ducesstability. Instead, we use interchangeable pay-
load modules, installing only the required system for
each task. This keeps the AUV light, stable, and
fully controllable underwater.

Il. DESIGN STRATEGY

A. Mechanical Design and Improvements

Fig. 01: Poseidon-1.0 AUV Render

1) Structural Design and Material Selection

Our AUV is a lightweight and highly controlla-
ble platformfor RoboSub missions, withan approx-
imate weight of 12 kg. It is built using a carbon fibre
frame and six carbon fibre buoyancy tubes, which
actively support buoyancy control by adjusting in-
ternal air volume based on displacement and mis-
sion load. This allows stable underwater operation
witha slight positive buoyancy of about 0.3-0.5 kgf,
keeping nearly 83% of the vehicle submerged dur-
ing static tests. The vehicle uses a custom vectored
thruster system for full 6-DOF motion, with each
thruster mounted at 45° lateral and 35° vertical an-
gles for precise and efficient manoeuvring in all di-
rections. The lightweight structure improves bal-
ance, responsiveness, and control stability. An alu-
minium ring-based structural support combined
with a compact 3D-printed ABS filament optimised
frame design enhances rigidity while keeping
weight low. The modular tray and hull system sim-
plifies assembly, maintenance, and subsystem inte-
gration. Overall, the design is purpose-built for Ro-
boSub tasks, ensuring reliable performance in com-
plex underwater environments.

Thruster Surge Sway (Y Heave Roll | Pitch | Yaw
X) @
T1 +0.8192 | -0.4056 | +0.4056]-0.0728 -0.2917 [0.1446
T2 +0.8192 | +0.4056| +0.4056 [+0.0728 -0.2917 [+0.1444
T3 +0.8192 | -0.4056 | -0.4056 |-0.1504 -0.2917 [-0.0123]
T4 +0.8192 | +0.4056| -0.4056 |+0.1504 +0.2917 [+0.0123
T5 +0.8192 | -0.4056 | -0.4056 |+0.072§ +0.2917 [-0.1446|
T6 +0.8192 | +0.4056| -0.4056 |-0.072§ +0.2917 [+0.1446
T7 +0.8192 | -0.4056 | +0.4056 [+0.150§ +0.2917 |-0.0123
T8 +0.8192 | +0.4056| +0.4056]-0.1505 +0.2917 [+0.0123

Table 1: Thruster Configuration Matrix (TCM).

2) Payload System

Our AUV supports three interchangeable pay-
loads: dropper, torpedo launcher, and gripper. All
systems are 3D-printed and custom-designed based
on this year’s RoboSub task objects, ensuring better
fit, accuracy, and mission reliability. Each payload
mounts on a shared aluminium interface, allowing
quick swapping while maintaining structural bal-
ance.

e Dropper: A lightweight mechanism designed
for precise marker release during the bin task.
Its simple vertical drop system that improves
accuracy during lateral positioning.

e Torpedo Launcher: A rigid system fixed to the
frame to avoid launch deflection. It fires at a
fixed angle for consistent and repeatable target-
ing underwater.

e Gripper: A structure with TPU soft fingers, de-
signed for secure object handling in the octa-
gon task. The flexible TPU contact improves
grip and reduces slippage on mission objects.

Fig. 02: Renders of payload systems.

B. Electrical Stack

The system employs a 24V 15000mAh 6S cus-
tom built lithium ion (Li-ion) battery pack for safe
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and reliable power distribution through several do-
mains isolating high propulsion loads electrically
from compute and control systems using a high-
power DC-DC buck converter and power modules.
Power is distributed fromrails of Power distribution
Board (PDB). A complete inventory of vehicle com-
ponents, vendors, and procurement costs s provided
in Appendix F.

1) Power Architecture

The system architecture consists of four do-
mains:

Propulsion domain

Control domain

Compute domain

Sensor and payload domain

Propulsion domain consists of m080 thrusters
driven by 60A brushless ESC’s converting battery
DC power into electronically commuted 3 phase
signals. The control domain containing Pixhawk v6
providing PWM signals to the ESC’s. The compute
domain which includes Jetson Orin nano super han-
dles computer vision tasks like object detection and
communicates with the Pixhawk via MAV Link.
The sensors suite includes IMU and auxiliary navi-
gation sensors whose outputshelp in 3 axes pose es-
timation for stable navigation underwater.

2) Microcontroller and Compute

The AUV isdesigned witha distributed architec-
ture having Pixhawk VV6X as the low-level control-
ler and Jetson Orin Nano as the high-level compute
unit. Pixhawk is used for real-time stabilization us-
ing Bar30 pressure sensor data. IMU data is also di-
rectly forwarded to Jetson for perception and navi-
gation assistance. The thrusters are PWM/CAN
controlled. Jetson handles computer vision, Al in-
ference, navigation, and RoboSub tasks. Pixhawk
and Jetson communicate over USB with MAV link
to send telemetry and control the mission in real
time.

3) Power Distribution, Filtering, and Safety

The propulsion domain is powered by a24 V, 15
Ah, 6S lithium-polymer pack, sized for the domi-
nant load on the vehicle. The eight M080 thrusters
each draw a peak current of 16 A (128 A aggregate,

3,072 W instantaneous), but mission profiling as-
sumes a 60 % continuous duty cycle at 10 A per
thruster — a 1,920 W sustained propulsion budget
that the carbon-fiber chassis and low-drag geometry
are expected to under-run in practice. The electron-
ics domain draws an additional 53.3 W peak across
the Pixhawk V6X (6 W), Jetson Orin Nano (20 W),
IMU (2 W), Bar30 depth sensor (0.3 W), OAK-D
camera (5 W), and actuator servos (20 W). LC fil-
tering on each ESC output suppresses switching-
noise injection into the shared bus, in-line fuses pro-
tect against thruster-stall fault currents, and a top-
mounted kill switch cuts the propulsion contactor
within one second of activation per RoboSub safety
requirements.

C. Software Stack

The software runs on ROS 2 Humble [1] across
atwelve-package modularworkspace, each package
enforcinga single-responsibility boundary and com-
municating only through typed auv_msgs inter-
faces. The architecture follows a layered autonomy
hierarchy —a 10 Hz behavior-tree mission planner,
a 20 Hz drift-aware trajectory planner, and a 50 Hz
6-DOF PID controller — separating strategic, kine-
matic, and dynamic concerns into independently
tested tiers. Every numerically non-trivial module
(state estimator, thrust allocator, trajectory kinemat-
ics) is implemented as a Python class with zero ROS
dependencies, allowing isolated unit testing before
any hardware integration.

The autonomy stack is anchored on a single the-
sis: vision-anchored, drift-budgeted autonomy with
graceful degradation. Because the vehicle does not
carry a Doppler velocity log or hydrophone array,
every blind translation is bounded by a measured
drift budget enforced as a py_trees decorator, every
task is decomposed into perception-fixed way-
points, and every behavior is paired with a fallback
path.

A complete system-level data flow diagram ap-
pears in Appendix E (Architecture Block Dia-
grams), and the full architecture details and
YOLOVS training pipeline are documented in Ap-
pendix C (Software Test Plan).
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1) Perception

The forward-facing OAK-D stereo camera [11]
streams 1080p RGB at 30 Hz to the Jetson Orin
Nano, which executesa TensorRT FP16-quantized
YOLOv8m detector [2] with a measured inference
latency of 4.5 ms per frame. The four-class detection
schema is task-aware and switched at runtime from
the mission planner blackboard. CLAHE prepro-
cessing [4] compensates for underwater color atten-
uation and backscatter, and ByteTrack [3] provides
persistent object identities across the inevitable
frame drops in turbid water. Monocular range esti-
mation from known target dimensions is cross-
checked against the OAK-D's hardware stereo
depth, and the higher-confidence value is published.

A classical OpenCV detector based on HSV
color thresholding runs in parallel as a graceful-deg-
radation fallback: if the neural detector returns zero
detectionsforoverone second, the pipeline switches
to the classical branch, which targets only the high-
contrast gate divider. The full training dataset com-
position, augmentation strategy, mAP validation,
and confidence-gating thresholdsare documented in
Appendix C.

2) Localization

State estimation is handled by a custom 15-state
Error-State Kalman Filter (ESKF) [5] chosen over a
conventional EKF for two reasons: the error-state
formulation operates in a vector space, avoiding the
quaternion-wrapping bugs that plague Euler-angle
EKF implementations, and the small error state is
reset after each measurement update, keeping the
filter numerically stable over long missions. The
nominal state — position, velocity, attitude quater-
nion, and MU biases — is propagated at 100 Hz by
direct integration of the Wheeltec N100 nine-axis
IMU. Measurement updates from the Bar30 pres-
sure-derived depth sensor (<0.5 cm RMS noise, 20
Hz) and the N100's magnetometer-stabilized atti-
tude estimate inject corrections into the nominal
state via the standard ESKF inject-and-reset cycle.
Innovation gating discards measurements whose re-
sidual exceeds a covariance-bounded threshold,
protecting against extreme sensor readings. The full
state representation, propagation equations, and Ja-
cobian derivations appear in Appendix C.

3) Control System

The vehicle’s control layer uses six independent
parallel PID loops running at 50 Hz on the Jetson
Orin Nano, matching state estimates from the cus-
tom ESKF against waypoints from the trajectory
planner. Each tracking axis implements a condi-
tional-integration anti-windup clamping algorithm
[7] that freezes the error accumulator whenever an
individual thruster saturates, preventing spatial os-
cillations. Acceleration feedforward terms are
added to the surge and heave loops to instantly
counteract structural hydrodynamic drag. The com-
puted multi-axis control effort vector r € R®*! is
mapped to the eight physical actuators using the
Moore-Penrose pseudoinverse [6] of the CAD-ex-
tracted Thruster Configuration Matrix (B € R6*®):

u=B"t

The 45° geometry trades single-axis peak thrust
for multi-axis simultaneous control authority. A
heavy vehicle would require dedicated-axis thrust-
ers to overcome inertia along its primary direction;
our 12 kg lightweight carbon-fiber chassis operates
comfortably with the multi-axis projected forces, so
no thrust is wasted on dead-masstranslation. The re-
sult is coupled trajectories such as active roll-as-
sisted surge for style points through the gate, while
maintaining strict power efficiency. Commands are
sent at 20 Hz via MAVROS [9] to the Pixhawk
V6X, where ArduSub [8] outputs the final motor
PWM.

Control system block diagram
6-DOF PID - thrust allocator - ArduSub mixer - closed loop via ESKF

' = 6-DOF PID controllers - 50 Hz
Trajectory planner rit) 4 elt)
— (P

Depth (heave) |
7 mades - 20 Hz

Kp Ki Kd

Yaw (heading)
Kp Ki Kd

b
[ Surge/Sway | —dodywrench
Kp Ki Kd %2 )

Pitch / Roll
KpKikdx2 |

Anti-windup - conditional integration

MAVROS bridge | -1z
RC override - 20 Hz

Thrust allocator

Pixhawk V6X| | PWM
TCM* -6 — B map

ArduSub custom frame

l 8-ch PWM

8x ESC + M080 thrusters  [orces

45°/45° compound-angle X

400 Hz

Vehicle dynamics Sensors
6-DOF underwater plant 100 - Bar30 - cameras

%(t) estimated state ESKF state estimator

15-error-state - IMU 100 Hz - depth 20 |

Signal legend
r— reference setpoint - @ — error - 1_b — body wrench - f — thruster force
% — fused state estimale - feedback path closes the 6-DOF outer loop at 50 Hz

Fig. 03: Control system block diagram.
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4) Mission Planner

The mission planner is built on py_trees [10], se-
lected over BehaviorTree.CPP and finite-state ma-
chines for its native ROS 2 integration, runtime tree
introspection, and the Python ergonomics that allow
behavior iteration between pool sessions without
recompiling. Eleven reusable leaf behaviors — cov-
ering depth and yaw setpoints, object detection que-
ries, visual alignment, approach, search patterns,
marker drop, surface, and arming — compose into
every mission tree. Each behavior is a class with in-
itialise, update, and terminate lifecycle methods re-
turning SUCCESS, RUNNING, or FAILURE. Two
architectural patterns carry most of the mission-
planner load. A drift-budget decorator wraps every
blind-motion behavior with a tunable time budget
(default six seconds) and forcibly interrupts the mo-
tion if exceeded — a direct response to operating
without a Doppler velocity log. Capability gates are
evaluated once at boot from the parameter server;
missing capabilities replace their gated subtree with
a no-op leaf, honoring the deliberate exclusions of
Section I-C at the code level. An example behavior-
tree fragment is shown in Fig. 04.

Gate mission behavior tree
py_trees - memary-enabled sequence - recovery via Fallback - drift-budgeted motion

Timeout 90 s
root decoratar

—* GateMission
sequence with memoery

| SetDepth(1.0 m, +0.15 m)

1
SetDepth | action leaf - publishes /control/setpoint/depth

IsObjectDetected

7 class = gate_divider - conf = 0.7 g
? FindGate _. SearchYaw {

recovery sequence

LogMessage
"searching for gate”

SearchPattern
YAW SWEEP - 360°

3 | A ignToObject(side « blackboard.coin_{flip_choice)
_ AlignTo | servo to centered pixel error - SUCCESS when [err] < 30 px

| ApproachObject
4 surge 0.3 - close when bbox 2 350 px
7 A ch
HEIORCY LA DriftBudget 6 s — PassThrough
blind fallback if visual lock lost

5 DriftBudget 4 s — PassThrough(3
A — Pass| final clearance through gate - sets

. |
? Style

T

+ Gate complete

HasTimeMargin
. StyleAttempt mission_time_left 2 30 s
time-gated style sequence

LogSkip
o styte margin®

PerformRoll
720°roll - 4 s

Why this tree is robust

1 - Memory on GateMission — once a child returns SUCCESS, the next tick resumes at the next child, not from the st
2 - FindGate is a Fallback — detection is tried first; if absent, the search sublree runs and re-checks for the gale

3 - Approach is a Fallback — visual servo first: if lock is lost, the blind drift-budgeted pass-through takes over.

Fig. 04: Example of behavior tree specifying mission logic.

5) Network and Telemetry

During tethered developmentand dry-lab testing,
high-bandwidth communications rely on a Gigabit
Ethernet link encapsulated within a ruggedized,
neutrally buoyant tether. Real-time parameter tun-
ing and vision state verification are monitored using
a custom web-based ground control station that
parses native ROS 2 diagnostic topics.

For autonomous competition runs, the physical
tether link is severed to ensure unconstrained 6-
DOF movement, and all telemetry streams are
routed completely internally. The AquaCore log-
ging configuration saves synchronized sensor data
from the primary Wheeltec N100 IMU, YOLOV8
detection confidences, and raw camera images di-
rectly to an onboard high-speed NVMe storage
drive at a compressed rate of 25 MB/s using a
roshag? logging daemon for post-run diagnostic and
regression evaluation.

D. Innovation and Creative Aspects

Five design choices in this vehicle are non-stand-
ard for student-team RoboSub entries: (1) the
eight-thruster fully vectored allocation at compound
45°, providing holonomic six-DOF motion with sin-
gle-thruster fault tolerance (Section 11.A.1); (2) car-
bon fiber external buoyancy tubes that couple struc-
tural function and displacement in one element,
where most student vehicles use foam or PVC; (3)
multi-function aluminum structural rings that simul-
taneously serve as thruster mounts, tube-to-hull in-
terfaces, low-CoM ballast, payload mounts, and
thermal conductors; (4) the 100 percent infill plus
acetone-vapor-cured ABS process, rendering
3D-printed components effectively non-absorptive
across the deployment; and (5) the interchangeable
payload swap strategy, preserving the buoyancy
trim and thrust allocation calibration across both Bin
and Torpedo tasks rather than compromising both.

[11. TESTING STRATEGY
A. Test Strategy Overview

Our testing strategy focuses on reliability in real
underwater conditions rather than simulation-only
results. The team manually collected and annotated
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over 5,000 real pool images for each mission task
using different lighting conditions, angles, and wa-
ter clarity levels to improve detection performance
underwater.

T

side_bar 0.44 divider 0.63 sid:_bor 0.82

Fig. 05: Mission Gate Detection via AUV Vision System

Development follows a step-by-step process.
The AUV is first trained and validated on the gate
task before moving sequentially to slalom, bins, tor-
pedo, octagon, and full mission runs. A new task is
added only after the previous one performs consist-
ently. To improve robustness, tasks are tested under
difficult conditions such as blur, low light, partial
target loss, and unstable movement. All pool tests
are recorded using ROS bag logging for offline anal-
ysis, allowing the team to evaluate detection accu-
racy, controller response, drift, and recovery behav-
ior after each run. Before every pool session, the
complete software stack is verified through bench
testing to ensure stable communication between
perception, control, and navigation systems. Final
testing focuses on full autonomous mission runs un-
der competition-like conditions to validate overall
system reliability and recovery performance.
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APPENDIX A — MECHANICAL DETAIL
A.1. Hydrostatic Stability Calculation

Hydrostatic stability is established by ensuring the vertical separation between the center of buoyancy
and the center of mass produces a positive metacentric height (GM). The CoB is computed as the vol-
ume-weighted centroid of the displaced fluid, dominated by the six external carbon fiber buoyancy tubes.
The CoM is computed as the mass-weighted centroid of all components: the battery pack at the lowest
internal position on the lower tray plate, the aluminum rings at low external positions, the carbon fiber hull
and tubes distributed by their geometric centroids, and the internal electronics at their mounted positions
on the upper tray plate.

A.2. Acetone Vapor Curing of ABS Components

Every printed ABS component on the vehicle is fabricated at 100 percent infill and finished with an
acetone vapor curing step. Both choices are deliberate departures from common practice. Standard 3D
printing uses 15 to 30 percent infill to save time and material, leaving an internal lattice surrounded by
hollow voids. If the surface seal of such a part is ever broken in service, water enters the voids and cannot
drain, adding parasitic mass and shifting the vehicle’s center of mass between deployments. Printing at 100
percent infill removes those voids entirely. The acetone curing step then addresses the layer lines on the
printed surface, which act as capillary paths that slowly absorb water even in a solid part. The component
is placed in a sealed vessel with a small reservoir of liquid acetone, and the vessel is held at a controlled
temperature for a defined exposure period. Acetone vapor reaching the part surface dissolves the outermost
layer of the ABS, fusing adjacent layer lines into a continuous, sealed skin. The interior of the part is
unaffected; only the outermost surface is modified. Together, these two steps render the printed compo-
nents effectively non-absorptive across the duration of a competition deployment, a property untreated
ABS does not provide.

A.3. Hull Sealing and Internal Layout

Hull sealing is provided by Buna-N O-rings at every hull-to-component interface. Under increasing
depth, external pressure compresses the O-ring further into its precision-machined seat, which improves
sealing performance with depthratherthan degrading it. Acetoxy silicone is applied at internal joints prone
to fine porosity, providing a secondary barrier without compromising the removability of the primary
O-ring seal. Three alternative strategies were evaluated and rejected: epoxy resin coatings (rigid, prone to
cracking under sustained thruster vibration, and irreversible); silicone-only application (no structural me-
chanical seal at hull interfaces); and adhesive-only bonding (irreversible, blocks all component access).
The combined O-ring + acetoxy silicone approach, paired with acetone-cured ABS surfaces, was selected
as the only strategy that satisfies all three operational requirements: pressure-tight sealing, vibration toler-
ance, and component removability.

A.4. Modeled Runtime vs. Vehicle Mass

The lightweight construction approach described in Section I1.A.3 is justified through a comparative
model of expected mission performance against vehicle mass. The model assumes equivalent battery ca-
pacity and similar hydrodynamic profiles, and varies only the vehicle dry mass to estimate the resulting
power demand at cruise speed and the corresponding mission runtime.



PROJECT POSEIDON’S CODE (BANGLADESH ROBOSPACE CONSORTIUM) 9

APPENDIX B — ELECTRICAL INTEGRATION TEST PLAN
B.1. Power Budget and Load Analysis

To validate the electrical testing parameters, a theoretical power budget was calculated for the 24V,
15000mAnh (360 Wh) 6S custom Lithium-ion battery pack. The autonomous underwater vehicle does not
operate at a static continuous load; instead, it transitions between distinct operational regimes.

Propulsion Domain: The eight M080 thrusters draw fluctuating currents based on the commanded tra-
jectory:

o Idle/ Station Keeping: 2-5 A per thruster.
e Cruise (Normal Mission): 10 A per thruster. Total continuous current lcruise = 8 X 10 A = 80 A.
e Aggressive Maneuver: 16 A peak per thruster. Total peak current lpeak = 8 X16 A = 128 A.

Total Power and Runtime Estimation: During a nominal cruise profile, the propulsion network demands
1920 W (80 A x 24 V). The low-power electronics domain (Pixhawk v6x, Jetson Orin Nano, OAK-D,
Bar30, IMU, and actuators) consumes a combined maximum of 53.3 W.

Potwr = 1920W + 533 W = 19733 W

Accounting for a 90% DC-DC converter efficiency and applying a 30% safety margin for transient
spikes, voltage sags, and thermal derating, the system is designed to safely handle peaks up to 2540 W.
Based onthe 360 Wh total battery energy, the theoretical runtime under continuous cruise load is calculated
as:

360 Wh
t =—— =~ 0.18 hours = 11 minutes
1973.3 W

Because physical thrust demand is intermittent during actual pool navigation, the realistic in-water mis-
sion runtime safely exceeds the 11-minute threshold.

B.2. Integration-Phase Testing Feature Checklist

The following test plan translates the vehicle's electrical design parameters into a rigorous, hard-
ware-in-the-loop verification checklist executed prior to in-water deployment.

Category Items

Power Distribution | Methodology: The entire vehicle's propulsion loads, onboard compute stack,
sensors, and payload actuators are powered simultaneously directly from the
battery to verify stability across all power regimes.

Pass Criteria: The integrated LC filtering successfully smooths electrical noise
fromthe ESCs. Voltage stability across the isolated 24V, 12V, and 5V DC-DC
buck rails remains within a strict + 2% tolerance during simulated 80 A contin-
uous load tests.
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Category

Items

Thruster and Kill
System

Methodology: The external magnetickill switchis triggered manually while the
vehicle is simulating a live continuous thrust command on the bench.

Pass Criteria: For emergency compliance, the kill switch successfully severs
power to the propulsion domain in < 1 second. Crucially, the compute domain
(Jetson), controldomain (Pixhawk), and all sensors remain completely powered
and in a safe state, ensuring telemetry logs and visual data are not corrupted
during an emergency stop.

Sensors

Methodology: The Pixhawk v6x, primary Wheeltec N100 IMU, and Bar30
pressure sensor are subjected to dry static testing and known-depth water col-
umn submersion.

Pass Criteria: Raw sensor data is actively received by the companion computer.
The IMU is successfully calibrated on a flat plane to mathematically remove
gyro bias, accelerometer drift, and scale errors prior to the ESKF fusion step.

Compute Bus

Methodology: The Pixhawk v6x, primary Wheeltec N100 IMU, and Bar30
pressure sensor are subjected to dry static testing and known-depth water col-
umn submersion.

Pass Criteria: Raw sensor data is actively received by the companion computer.
The IMU is successfully calibrated on a flat plane to mathematically remove
gyro bias, accelerometer drift, and scale errors prior to the ESKF fusion step.

Table B.I: Integration-phase testing feature checklist.
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Integrated hardware block diagram detailing the combined power distribution and data communi-
cation pathways. The schematic illustrates the 24V propulsion isolation via the kill switch, the regulated
compute and control rails (19V and 5.3V), and the low-level data bridges (MAVLink, USB, 12C, SPI)
connecting the Jetson Orin Nano, Pixhawk flight controller, and sensor suite.

e N
r l »| ESC1 »| Thruster1
| R —
peeTe = 3-Phase Motor Power
] B
i i » ESC2 >| Thruster 2
1 o S
I Kill Switch | 4 .
! (Thruster Power) ) e S
ESC8 »| Thruster8
PWM / DShot
(Thruster Control)
DC-DC Buck Lo —
—»| Converter ) Jetson . R Ta
(24V — 19V) Orin Nano ) . H Hijige
!JSB (Serial) / MA\{Lln}( 1 External IMU
A (High-Level Communication) | 3
1 (Optional)
-
e e
5V (USB 3.0
. s OAK-D < iz 12C / UART Bar30
Camera USB 3.0 = Pixhawk I Pressure Sensor
| S — i
(Power + Data) (Flight Controller) 12C / UART /
Power Module —» ) CAN | Additional Sensors
(24V - 5.3V) = To Pixhawk A 7’| (Compass, DVL, Leak, etc.)
- 1
Power Port | Ethernet/ Telemetry
i e e e e e S e e ey | | (MAVLink)
| NoTEs H
| » COMMON GROUND between all components | y
I (Battery, ESCs, Pixhawk, Jetson, Sensors)is | Ground Station
: required. | Computer
I« Kill switch cuts only thruster power (24V). !
! Electronics remain powered. :
----------------------- 7
24V Power PWM / DShot (Control Signals) ———— Sensor / Low-Level Interfaces
LEGEND 19V Power === @m==—— Telemetry / MAVLink (Communication) 3-Phase Motor Power (to Thrusters) I
5.3V Power ====Common Ground (Shared) -

Fig. 06: Integrated hardware system architecture.
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APPENDIX C — SOFTWARE TEST PLAN

C.1. Component Testing Schedule and Methodology

12

To systematically validate the AquaCore stack, testing is divided into distinct phaseswith strict pass/fail
gates. The table below outlines the testing methodology and timeline for each core software capability.

and Movement

Error-State Kalman Filter
(ESKF) and 6-DOF PID tra-
jectory controllers.

verify static convergence
and depth tracking. In-water
tuning using logged step re-
sponses to ensure <10%
depth overshoot and <2°
yaw drift over 5 minutes.

Component / Description Methodology Timeline
Capability
Sensor Driv- | Validation of depthai-ros | Bench rig testing using ros2 | Phase 3a (Pre-Pool
ers (OAK-D), GStreamer | topic hz to verify that the | Bench Integration)
H.264 (OpenlPC), and | OAK-D publishes at >25
Wheeltec N100 IMU driv- | Hz, the IP camera maintains
ers. <60 ms latency, and the
IMU streams at 100 Hz
without timestamp-skew.
Localization | Verification of the 15-state | Pure-math pytest suite to | Phase 1 (Unit Tests)

& Phase 3b (Pool
Tuning)

py_trees behavior tree, ca-
pability gates, and the 6-sec-
ond drift-budget decorator.

tion testing against 5
scripted scenarios (e.g., late
detection, mid-task occlu-
sion) in <2 minutes, fol-
lowed by HoloOcean SITL
requiring >80% completion
rate across 10 randomized
pOSesS.

Perception | Validationofthe TensorRT- | Offline playback of LFS-| Continuous (Regres-
optimized YOLOv8m de- | tracked rosbags to diff | sion Testing via
tector, ByteTrack multi-ob- | bounding box outputs of re- | Rosbags)
ject tracking, and classical | trained models against real
HSV  color-segmentation | pool datasets; ensuring in-
fallback. ference latency remains

<4.5 ms on the Jetson Orin
Nano.
Mission Plans | Verification of the 10 Hz | ROS-wrappermock integra- | Phase 2  (Mock

Node) & Phase 2.5
(HoloOcean SITL)

Network and
Telemetry

Validation of Eclipse Cy-
cloneDDS [12] middleware

Dry-lab boot sequence con-
firming all 12 packages start
without DDS errors; verify-
ing BEST EFFORT QoS

Phase 3a (Pre-Pool
Bench Integration)
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Component / Description Methodology Timeline
Capability
discovery and explicit Qual- | for sensor topics and RELI-
ity-of-Service (QoS) profile | ABLE QoS for control set-
matching across nodes. points to prevent stale com-
mands.
Actuation Testing the custom Moore- | Props-off bench test to con- | Phase 3a (Pre-Pool

Penrose thrust allocator
(mapping a 6-vector body
wrench to 8 thrusters) and
payload trigger commands.

firm MAVROSRC override
messages reach the Pixhawk
v6Xx at exactly 20 Hz, verify-
ing proper PWM output

Bench Integration)

scaling via ArduSub's cus-
tom mixer before in-water
use.

Table C.I: Component-by-Component Software Testing Plan

C.2. Continuous Integration and Regression Pipeline

To prevent new code from breaking validated vehicle behaviors, AquaCore implements a strict Contin-
uous Integration (Cl) gateway. Every mathematically intensive module—specifically the 15-state Error-
State Kalman Filter (ESKF), the thrust allocator, and the trajectory planner—is constructed with zero ROS
dependencies to allow rapid isolated testing.

Before any code is merged into the main deployment branch, a C1 hook enforces a pytest suite execu-
tion. For example, the test_eskf core.py suite validates static convergence, quaternion math edge cases,
and yaw-rate integration, executing in under 0.8 s on the Jetson Orin Nano. Furthermore, when the
YOLOv8m perception model is retrained, it is automatically evaluated against a stored corpus of LFS-
tracked .rosbag pool recordings. This ensures detection consistency over verified datasets before the model
is permitted on the physical vehicle.

C.3. Bounding the Sim-to-Real Gap

Because synthetic visual environments often fail to accurately replicate real pool turbidity and lighting
caustics, our software testing strategy strictly divides simulation and perception validation. The ro-
bosub_holoocean ROS 2 bridge is utilized exclusively as a logic and control regression layer.

Five scripted Y AML scenarios (gate, slalom, bins, torpedoes, octagon) test the py_trees mission planner
and the 6-DOF PID responses against simulated hydrodynamic inertia. However, the Y OLOv8m percep-
tion models are explicitly not validated in HoloOcean. Instead, perception is validated by streaming real
pool video recordings—captured as .rosbag files during in-water testing—back through the Jetson's Ten-
sorRT pipeline. This bifurcation ensures our control logic scales efficiently while our computer vision
remains firmly anchored in physical reality.
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C.4. Software Failure and Remediation Log

Embracing a "graceful degradation” doctrine requires rigorous documentation of system failures. The
following log details critical software vulnerabilities identified during Phase 3 integration testing and their
subsequent architectural resolutions:

Vulnerability 1: Perception System Inference Instability

e Observation: Initial in-water testing utilizing COCO-pretrained weights yielded intermittent
bounding box dropoutsonthe primary gate divider. This instability falsely triggered premature mission
aborts within the behavior tree framework.

e Architectural Resolution: A deterministic classical-vision fallback mechanism was integrated into
the auv_perception node (reference Fig. 18). If the primary YOLOv8m neural network fails to report
valid detections for> 1.0 s, the pipeline automatically degrades to a computationally lightweight HSV
color-thresholding and contour-analysis loop optimized specifically for the red gate divider.

Vulnerability 2: Unbounded Open-Loop Translation Drift

e Observation: Inthe absence of a Doppler Velocity Log (DVL), open-loop translations generated
unbounded positional drift, causing the vehicle to severely deviate from its designated search vectors.

e Architectural Resolution: A strict "Drift Budget" contract was codified within the trajectory plan-
ner. As depicted in the Mission Planner layer of Fig. 18, every blind motion mode is now wrapped in
apy_treesdecoratorthat forcibly interrupts actuation after 6 seconds. This interventionasserts a FAIL-
URE state, actively triggering recovery branches (e.g., visual yaw sweeps or controlled resurfacing) to
re-establish absolute localization.

Vehicle software architecture
ROS 2 Humble - CycloneDDS - Jetson Orin Nano 8GB

Perception OAK-D forward ' OpenlPC bottom auv_perception ‘

{Eensid) RGB + stereo + IMU H.264 UDP, hw-decode YOLOV8m + ByteTrack
Jauv/camera/front/* fauvicamera/bottom/* Iperception/tracked_objects
State estimation IMU + depth ESKF core lauv/odometry

tat
\ localizati
Aeedlection, N100 100 Hz - Bar30 | | 15-error-state - 100Hz | | fused pose + covariance

bard

auv_planning - py_trees behavior tree - 10 Hz auv_system
p P 3 safety + supervisor |
(. ) Root sequence 11 leaf behaviors g
Mission planner Preflight — Mission — Post | + blackboard state .
(autonomy) 2k / Drift budget
Capability gates | Recovery branches | decorator - <6 s
static composition FAILURE — Fallback |
| Imission/current_task
TrajectoryGoal — trajectory planner - 7 modes - 20 Hz| to perdeption
] setpoints )
Sy auv_control - 6-DOF PID + MAVROS - 50 Hz ||  Pixhawk V6X
- 3 3 ArduSub V4.7.0-dev |
Depth PID Yaw PID Surge / sway - ¥
heave axis heading axis pitch / roll (" R )
’ 48 2 Custom mixer
auv_thrust_allocator - TCM pseudoinverse | 457/45° X-config
6-vector wrench — 8 thruster commands ~ i3
g ) 8 x M080 + ESCs
MAVROS RC override - /mavros/rc/override - 20 Hz 400 Hz PWM
l
Network + | .
(telemetry) ﬂEtWDVk telemetry_ ) . Operator station
CycloneDDS | Tree snapshots | Foxglove dashboard
QoS-maiched ) live introspection -

tether: 1 GbE

rosbag - /imu /depth /odometry /setpoints ‘ kill switch - arm

Fig. 07: Mission Gate Detection via AUV Vision System
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APPENDIX D — POOL TESTS AND STRATEGY ADJUSTMENTS

Pool testing was conducted primarily at the Waterpolo BD swimming facility near United International
University. The controlled testing environment allowed the team to evaluate vehicle maneuverability, nav-
igation control, payload operation, and underwater perception performance under realistic operating con-
ditions. Regular testing sessions were used for subsystem integration, driver practice, mission rehearsals,
and validation of onboard sensing systems. Equipment transported to each session included the operator
control station (OCS), monitoring laptop, battery charging setup, networking hardware, torpedo test props,
spare components, and essential mechanical and electrical hand tools. Prior to each session, the team con-
ducted a structured briefing to define testing objectives, assign operational responsibilities, and review
deployment procedures. Test runs focused on navigation precision, underwater target visibility, payload
handling, and stable vehicle operation during mission-oriented maneuvers. Environmental conditions in-
cluding lighting variation and water temperature were logged during every session. Variations in lighting
significantly affected onboard camera visibility and task recognition performance, while water temperature
influenced battery behavior, sensor consistency, and hull sealing reliability. Maintaining these records im-
proved repeatability between tests and supported more consistent performance evaluation.

Fig. 08: Torpedo board used for pool tests. Fig. 09: Software team members during pool testing.
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APPENDIX E — ARCHITECHTURE BLOCK DIAGRAMS

The following diagrams map the core system topologies of the AquaCore Gen 1 vehicle, detailing the
strict architectural boundaries across our power distribution networks and communication buses.

Description: Vehicle power architecture illustrating the isolated load distribution from the central bat-
tery pack and regulators through to the ESCs, compute modules, sensor suite, and payload servos.

Vehicle power architecture
Battery — PDB — loads - motor kill isolates thrusters only

Battery pack
Li-ion, <400 Wh, <25 V

Master kill switch
kmagnetic reed, hull-mountedj

r . N
Main fuse

ANL 80 A slow-blow

Power Distribution Board (PDB)

N
V /| sensor

Mauch 200 A - I2C to Jetson
. V)

ﬁ main bus
N

~
| 8xATCfuses | | 5VvDC-DC | HolybroPM02 | [ 12V Dc-DC
30 A per ESC ) L low noise, 40 W 5V + V/l sense ) aux rail, 5 A

i to Jetson to Pixhawk to aux loads
Motor Kkill
inline, thrusters only
\_ /
h 4 l \l’ . \l’ )
ESC rack x8 Jetson Orin Nano| Pixhawk V6X Aux loads

BasicESC R3 — MO080 thrusters 5V -25W peak 5V - ArduSub OpenlPC - LEDs - leak sensor
. A A UAG /
s ‘l/ N

8x M080 thrusters
| 45°/45° compound-angle X |
- _/

)

) motor power (kill-cuttable) \_J 5V logic (always alive) L 12 V aux (always alive)

Note: RoboSub rule — motor kill must isolate thrusters only.
Jetson, Pixhawk, and sensors remain powered after kill for telemetry.

Fig. 10: Vehicle Power Architecture
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Description: Vehicle communication architecture detailing the bus topology, MAVLink UDP bridges,
and ROS 2 DDS network interfaces between the Single Board Computer (SBC), low-level flight controller,
ESCs, and operator station.

Vehicle communication architecture
Bus topology - SBC « flight controller < sensors < operator
MAVROS bridges MAVLink <+ ROS 2 topics

OAK-D forward
depthai-ros - USB3 |7

Pixhawk V6X

Operator station
ArduSub V4.7.0-dev

Foxglove - rqt - CLI

|
1 GbE tether
primarylink - <1 ms RTT

OpenlPC bottom
H.264 UDP - 192.168.1.10

MAVLink 2.0
over UDP

RC override 20
telemetry 50 Hz |

SB 3 + Ethernet )

z

. Wi-Fi 802.11ac

surface-only fallback

Wheeltec N100
IMU - USB serial - 100 Hz

1
DDS over Ether)
serial

Jetson Orin Nano
Ubuntu 22.04 - ROS 2 Humble
CycloneDDS RMW

J
PWMout + s

Protocol summary
() USB 3 /serial

(O Ethernet/DDS

(J) MAVLink 2.0 / UDP

O PPC/UART/GPIO
Pixhawk IMU ) PWM/ interlock

internal - 400 Hz

Bar30 pressure
I’C - UART4 - BARO3

8x BasicESC R3
PWM 400 Hz - 1100-1900 ps

[
8x M080 thrusters
3-phase BLDC

-- tunneled /fallback
QoS: BEST_EFFORT for sensors

Leak sensor
GPIO - safetyinterlock

' Kill switch
magnetic reed - GPIO

All sensor topics use BEST_EFFORT QoS to match MAVROS upstream contract.
Control setpoints use RELIABLE QoS - KEEP_LAST(1) to prevent stale commands
RMW_IMPLEMENTATION=rmw_cyclonedds_cpp exported in every launch file.
Wi-Fi link is surface-only; underwater operation uses tether exclusively.

Fig. 11: Vehicle Communication Architecture
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APPENDIX F — COMPONENT SPECIFICATIONS AND PROJECT BUDGET

F.1. Operational Vehicle Component Expenditure

All values in USD. Components listed below are the procured units for the operational vehicle. Quan-

tities reflect single units unless otherwise specified.
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Custom/
Component Vendor Model / Type Specifications Cost (USD) Year
Purchased
. . . Main pressure hull + 6 buoyancy
AUV Hull (Main) Custom Carbon fiber tubing b Custom $989 2026
tubes
Acrylic Dome Rovmaker Optical Dome Optical-grade camera dome Purchased $92 2026
O-ring Flange Rovmaker Flange Seal End-cap waterproof seal Purchased $59 2026
Aluminum Sheet — Sheet stock Structural ring stock Custom $30 2026
Acrylic Sheet — Sheet stock Secondary structural plates Purchased $50 2026
Filament — PETG + ABS 3D-printed payloadsand brackets Custom $208 2026
o Custom  Aluminum . o
CNC Machining In-house Milli Structural ring fabrication Custom $30 2026
illing
. Large-conductor hull penetrators
Cable Penetrators (M16) Rovmaker M16 series (x8) Purchased $14.80 2026
X
. Medium-conductor hull penetrators
Cable Penetrators (M10) Rovmaker M10 series (x10) Purchased $8.80 2026
X
) Small-conductor hull penetrators
Cable Penetrators (M8) Rovmaker M8 series (x8) Purchased $5.90 2026
X
Underwater Switch Rovmaker M10 magnetic Kill switch Purchased $25 2026
Waterproof Servos Savox Savox SW-1210SG Payload actuators Purchased $60 2026
Thrusters — M080 Brushless propulsion units (x8) Purchased $233 2026
Brushless electronic speed control-
Thruster Control — 60 A ESC Purchased $38 2026
lers (x8)
Custom 24V, 15 Ah, 6S Li-ion pack
Battery — S50 cells Custom $12.50 2026
(40 cells)
Battery Monitoring — BMS 60 MPR Battery protection circuit Purchased $25 2026
Low-level  flight  controller
Microcontroller CUAV Pixhawk V6X Purchased $342 2026
(STM32H753)
Single Board Computer NVIDIA Jetson Orin Nano  High-level compute: Al + vision Purchased $508 2026
Inertial  Measurement .
Unit Wheeltec N100 9-axis MEMS IMU, 100 Hz Purchased $195 2026
ni
Depth Sensor Blue Robotics Bar30 High-resolution pressure sensor Purchased $46 2026
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Stereo depth + onboard Al percep-
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Camera (Forward) Luxonis OAK-D Pro i Purchased $610 2026
ion
Camera (Surface link) RunCam WiFi link 2 Surface telemetry camera Purchased $86 2026
Network Switch TP-Link Ethernet — USB Tether interface bridge Purchased $15 2026
Doppler Velocity Lo
PP y oo — Not equipped on this vehicle — — —
(DVL)
Hydrophones — — Not equipped on this vehicle — — —
Internal Comm. Net- Ethernet / UART / 1000 Mbps+MAVLink over USB- Cust
— ustom — —
work 12C serial
External Comm. Inter- o
; — Gigabit Ethernet 1000 Mbps Cat6 tether Custom — —
ace
) . . TensorRT FP16 quantization on Jet-
Algorithm: Vision Ultralytics YOLOv8m — — —
son
Algorithm: Localization Custom 15-state ESKF Pure-Python core, ROS 2 wrapper Custom — —
Algorithm: Perception . .
A OpenCV HSV thresholding  Graceful-degradation fallback — — —
ux
Software: Autonomy  — py_trees Behavior-tree mission planner — — — —
. Middleware: Eclipse CycloneDDS
Software: Framework Open Robotics ROS 2 Humble — — —
12
Software: Inference . .
. NVIDIA TensorRT FP16 YOLOv8m inference engine — — —
Runtime
Team size — — 14 — — —
Hardware / Software Ex- 14
pertise Ratio ’
Testingtime: Simulation — — 10 hours — — —
Testing time: In-water — — 25 hours — — —
Subtotal (operational vehicle) ~$6,290

Notes: BDT-priced items converted at 120 BDT per USD. Cells marked with Em-dash (—) indicates not

applicable or not equipped.

Table F.1: Operational vehicle component expenditure.
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APPENDIX G — OUTREACH ACTIVITIES

Project Poseidon’s outreach strategy is designed to extend the impact of our marine robotics develop-
ment far beyond the competition environment. As part of the broader Bangladesh AUV initiative, our pri-
mary long-term objective is to promote STEM accessibility in underserved regions. By introducing hands-
on exposure to robotics and engineering to students with limited access to technical education resources,
we aim to build a sustainable pipeline of future innovators.

A. Public Knowledge Exchange and Media Outreach

To establish early national awareness and inspire broader community engagement, our team initiated a
public outreach campaign utilizing national mass media platforms. This included comprehensive television
news coverage and interactive broadcasts on national radio (FM 88.6). During these sessions, team mem-
bers discussed the constraints of limited engineering resources in developing contexts and advocated for
the use of autonomous marine systems as practical, scalable solutions to real-world national challenges.

Fig. 12: National television news broadcast featuring the team's AUV initiative.
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B. Community Advocacy and Inspiration

Our public messaging is strategically designed to motivate young learners by demystifying complex
technology. We actively position robotics not as an exclusive or distant academic field, but as an accessible
platform for grassroots innovation and problem-solving. By presenting our work on the AquaCore under-
water robotics stack to the general public, we foster early curiosity and encourage sustained interest in
applied engineering disciplines.

Fig. 14: Advocacy meeting with the former State Minister for ICT.
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C. Training and Mentorship Pipeline

To ensure the sustainability of the team and the continuous development of the AUV platform, our
internal recruitment pipeline focuses on bridging the gap between theoretical education and applied engi-
neering. New members are introduced to the vehicle's architecture through hands-on troubleshooting and
iterative design tasks, ensuring they understand the practical realities of autonomous systems, hardware
constraints, and technology-driven problem-solving before taking ownership of major subsystems.

D. Rural STEM Initiatives and School Collaboration

While formal rural STEM engagement programs are currently under active development, the team is
designing structured initiatives targeted at local high schools and underserved communities. These upcom-
ing programs comprise interactive workshops, live robotics demonstrations, and direct mentorship initia-
tives. The core objective is to take the technology out of the university lab and into rural classrooms,
providing younger students with direct exposure to marine robotics and autonomous logic.



