04-06-26

Designh and Development
of an Underwater Event
Detection System Based
on Embedded Al

Supervisors, Presented by,
Abdesslam BENZINOU, Akshara Soman
Kamal NASREDDINE, Master Intern

Hai Nam TRAN ENIB, Lab-STICC

01



INTRODUCTION

Q WHY UNDERWATER EVENT DETECTION NEED?

Underwater event detection allows underwater drones to recognize
important things happening around them, like spotting a fish, detecting trash,
or noticing changes in water visibility, without needing help from humans or
internet connections.

©  CHALLENGES

* Limited communication — cannot stream raw video continuously
» Severe energy constraints — battery life is limited
« High compute cost if processing off-board
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INTRODUCTION

® EXAMPLES- “EVENTS”

« Sudden change in luminosity - trigger image enhancement

« Single fish enters view - run species classification

« Group of fish = conduct behavioral analysis

« Detection of debris or suspended particles - Environmental alerts

ﬁ OVERALL GOAL

To run the event detection Al model on embedded hardware while
minimizing data transmission and energy consumption.
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OBJECTIVES

model for underwater model

Train and optimize the Al G Optimize and compress the
event detection

Measure its performance
like speed, power &
accuracy

Deploy the model on the B
embedded platform
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https://bit.ly/3A1uf1Q
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MODEL PREPARATION - WORKFLOW
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Train and
fine-tune a
YOLOTI
model with
the dataset

Optimize the
model

Deploy the
model in
Embedded
Platform

Testing and
comparing
the
performance
on different
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MODEL PREPARATION

Stage

Steps

Dataset + Training

Fish4Knowledge, LifeClef, TrashCan, Trash-
ICRA

Fine-tune YOLOv11 (PyTorch), 640x640,
yololln, yololls

Augmentations: mosaic, flips, color jitter

Optimization

Quantization-Aware Training (QAT) for INT8
inference

Structured pruning — ~7MB model size

Export: PyTorch — ONNX — TFLite (INT8)
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Planned Deployment on Embedded Platform

Platform Status OS / Notes
Raspberry Pi 2 In Broaress Debain-based, TFLite +
5 Prog OpenCV, NNAPI

JetPack OS, TensorRT for

Jetson Nano o Planned g
acceleration

BeagleBone > Debian-based, leverage
Al = Planned TIDL + Edge TPU

Objective: Evaluate real-time performance, Memory consumption, Power
Consumption, and Storage
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Training Configuration

eModel: YOLOvV11-nano & small

eDataset: Custom underwater fish & debris dataset
eImage Size: 640x640

Epochs: 600

eBatch Size: 32

*Optimizer: Adam

eLearning Rate: 0.0001 (decays slowly)

eDevice: GPU (1 unit)
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Training Results

With yolol1n With yolo11s
metrics/precision(B) metrics/recall(B) metrics/precision(B) metrics/recall(B)
# 1.000 A h 1.000 1 _
4 0.999 -
0.999 0.998 1
0.999 -
0.998 1
0.998 - 0.996 -
0.997 1
0.998 - 0.997 - 0.994 1
0.996 1
i 0.992 -
0.997 | 0.996
0.995 1
0 250 500 0 250 500 0 200 0 200
metrics/mAP50(B) metrics/mAP50-95(B) metrics/mAP50(B) metrics/mAP50-95(B)
0.9950 1
0.99495 ’ 0.975 1
0.9949 4
0.95 A
0.99490 - 0.950 1
| 0.9948 1 0.925 1
0.99485 0.90 1
0.99480 - 0.9947 1 0.900
0.99475 A 0.85 1 0.875 1
0.9946 1
0.99470 0.850 1
0.80 0.9945 T
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Comparison of Different yolo Models

Metric YOLOv1ls YOLOv1ln
Precision 0.9999 0.9998
Recall 1.0000 0.9996
MmMAP@0.5 0.995 0.9945
MAP@0.5:0.95 | 0.978 0.973
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