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1 Introduction

Environmental pollution, particularly from debris like plastic, glass, rubber, and metal,
poses a significant threat to marine life and ecosystems. Traditional methods of under-
water object detection, such as satellite sensors and sonar techniques, have limitations
in generating high-resolution images. Recent advancements in technologies like UAVs
and AUVs have improved image-capturing processes, enabling better detection of marine
debris. However, challenges in achieving high accuracy in real-time detection and classific-
ation persist. This research aims to address these challenges by integrating a Multi-Level
Hybrid Convolutional Neural Network (MLH-CNN) with YOLOv8. The Seaclear Marine
Debris Detection & Segmentation Dataset with 40 different marine object categories is
used here for training. This study also proposes a comparative analysis between YOLOv5,
YOLOv8, and YOLOv8 MLH-CNN models to find out the most efficient model.

2 System Configuration

Software Component Version
Operating System Windows 11 23H2
Python 3.11.5
TensorFlow 2.15.0

Table 1: Software Configuration

Hardware Component Specification
Processor Intel Core i5-8265U
RAM 8 GB DDR4
GPU Intel UHD 620

Table 2: Hardware Configuration

3 Dataset Source

The datasets used in this project are sourced from the 4TU.ResearchData website. Below
are the details of the dataset and the source websites. SeaClear Marine Debris Dataset is
an open data repository for science, engineering, and design. This dataset can be accessed
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from the website Figure1. It contains 8610 images annotated for object detection and 40
object categories.

Figure 1: 4TU.ResearchData Website

4 Project Implementation

This section offers a detailed, step-by-step process of the project implementation, accom-
panied by code screenshots for clarity.

4.1 Importing Packages and Libraries

Initially, necessary packages and libraries are imported into Jupyter Notebook as visible
in Figure 2. The project utilized pandas and numpy for data processing, enabling effi-
cient handling of data. For data visualization, matplotlib and seaborn were employed.
Additionally, scikit-learn was used for data preparation and model evaluation tasks. The
project also imported yaml for managing configuration files.

Figure 2: Packages and libraries
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4.2 Data Loading

The dataset was downloaded in .zip format. After fetching data, it is loaded into the
directory as shown in Figures 3 and 4. After loading the data sample images are plotted
in Figure 5.

Figure 3: Data Loading

Figure 4: Read Images

Figure 5: Sample data check
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4.3 Data Preparation

4.3.1 Data Resizing

Figure 6 shows the Image resizing process to a resolution of 800x800 pixels.

Figure 6: Data Resizing

4.3.2 Creating bounding box and annotation

Figure 7 shows the process of creating an annotation.txt and bounding box file from a
JSON file present in the Dataset.

Figure 7: Bounding box and Annotation
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4.3.3 Data Splitting

Figure 8 shows the process of organizing the dataset of images and their corresponding
annotation files into training, validation, and test sets using an 80-10-10 ratio.

Figure 8: Data Split

4.3.4 YAML Configuration

Figure 9 shows the process of YAML file creation for each model to specify dataset paths,
class labels, and training parameters.

Figure 9: YAML file Configuration
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4.4 Data Visualization

4.4.1 Bounding Box

Figure 10 shows the bounding boxes on sample images to verify the accuracy of annota-
tions.

Figure 10: Bounding Box Check

4.4.2 Class Distribution

Figure 11 shows a Hist plot to visualize the distribution of different object classes and
sizes in the dataset.
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Figure 11: Class Distribution

4.5 YOLOv5 Model

4.5.1 Git clone

Figure 12 shows the process of cloning the latest YOLOv5 repository from GitHub.

Figure 12: YOLOv5 Git Repository

4.5.2 Training

Figure 13 shows YOLOv5 model training with 20 epochs using image sizes of 215, and
batch sizes of 8.

Figure 13: YOLOv5 Model Training

7



4.5.3 Prediction

Figure 14 shows YOLOv5 model prediction.

Figure 14: YOLOv5 Model Prediction

4.6 YOLOv8 Model

4.6.1 Git clone

Figure 15 shows the process of cloning the latest YOLOv8 repository from GitHub.

Figure 15: YOLOv8 Git Repository

4.6.2 Training

Figure 16 shows YOLOv8 model training with 20 epochs and image sizes of 215.

Figure 16: YOLOv8 Model Training

4.6.3 Validation

Figure 17 shows the YOLOv8 model validation.
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Figure 17: YOLOv8 Model Validation

4.6.4 Prediction

Figure 18 shows YOLOv8 model prediction.

Figure 18: YOLOv8 Model Prediction

4.7 YOLOv8 with MLH CNN Model

4.7.1 YOLOv8 Modification

Figure 19 shows the modified backbone in the YOLOv8.yaml file of YOLOv8 by incor-
porating MLH CNN.
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Figure 19: Modified yaml file

4.7.2 Training

Figure 20 shows YOLOv8 with MLH CNN model training with 20 epochs and image sizes
of 215.

Figure 20: YOLOv8 MLH CNN Model Training

4.7.3 Validation

Figure 21 shows the YOLOv8 with MLH CNN model validation.
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Figure 21: YOLOv8 MLH CNN Model Validation

4.7.4 Prediction

Figure 22 shows YOLOv8 with MLH CNN model prediction.

Figure 22: YOLOv8 MLH CNN Model Prediction

4.8 Conclusion

The goal of this research was to develop a model to detect and classify marine objects
accurately. This step was achieved by implementing YoLov5, YoLov8, and YoLov8 with
MLH-CNN integration. A comparison study of three models concluded that YoLov8
performed the best out of the three models.
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