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Abstract- This system aims to create an advanced 

underwater detection and classification solution 

utilizing a waterproof USB camera. It is designed to 

detect humans (both alive and deceased) and 

classify fish species and gender in real-time. The 

hardware setup includes a high-resolution 

waterproof USB camera with infrared (IR) 

functionality, allowing for effective operation in 

low-light underwater environments. For the 

software, sophisticated image processing techniques 

are employed, utilizing OpenCV and the YOLO 

(You Only Look Once) algorithm for efficient 

human and object detection. Human detection is 

carried out by analyzing posture and movement, 

distinguishing between living individuals and 

deceased bodies. To classify fish, convolutional 

neural networks (CNNs) are trained on labeled 

datasets, such as Fish4Knowledge, to identify 

species and determine gender. A user-friendly 

dashboard displays real-time data, providing 

visualizations, alerts, and facilitating easy 

monitoring. This solution has promising 

applications in areas like underwater exploration, 

marine life monitoring, and search-and-rescue 

operations, offering an automated and effective 

means of detecting and classifying underwater 

objects. 

 
I. INTRODUCTION 

Underwater detection of both humans and marine life 

is a critical challenge that has significant applications 

in fields such as search-and-rescue operations, marine 

biology, and underwater exploration. Traditional 

methods of monitoring and detecting underwater 

subjects often rely on manual observation or limited 

sensor technologies, which can be inefficient and 

error-prone. With the advancement of deep learning 

and computer vision, a more automated and accurate 

solution for real-time detection and classification of 

underwater subjects has become possible. By 

leveraging cutting-edge technologies like deep neural 

networks, it is now feasible to enhance the precision 

of both human and fish detection underwater, even in 

low-visibility and challenging environments. 

The use of deep learning, particularly convolutional 

neural networks (CNNs), has revolutionized the way 

we approach object detection and classification tasks. 

In underwater environments, CNNs are particularly 

well-suited for identifying fish species and 

classifying their gender based on visual features from 

camera feeds. CNNs can learn hierarchical features 

from raw image data, enabling them to classify fish 

accurately even when they are submerged in murky 

waters. When combined with other techniques, such 

as infrared imaging and motion detection, deep 

learning can also improve the detection of humans 

underwater, identifying both living and deceased 

individuals based on specific visual cues like posture 

and movement. 

This system involves the use of specialized hardware, 

such as high-resolution waterproof cameras with 

infrared capabilities, to capture detailed images of 

underwater environments. The integration of these 

cameras with deep learning models allows for real-

time detection and classification, enabling continuous 

monitoring of aquatic life and human presence. Such 

systems have vast potential in applications such as 

marine life conservation, monitoring ecosystems, and 

conducting search-and-rescue missions in 

challenging conditions. These capabilities ensure that 

humans can detect and respond to underwater 

incidents more efficiently, with higher accuracy and 

speed. 

Underwater human and fish detection using deep 

learning presents a transformative approach to 

understanding and interacting with the underwater 

world. The combination of robust image processing 

techniques and advanced machine learning models 

creates a powerful tool for real-time monitoring, 

detection, and classification. This technology not 

only enhances safety and efficiency in search-and-

rescue operations but also contributes to a better 

understanding of aquatic ecosystems, providing 

valuable insights for both scientific research and 

environmental preservation. 
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II. LITERATURE SURVEY 

Several Recent advancements in underwater detection 

technologies have primarily focused on improving the 

accuracy and efficiency of object recognition in 

challenging environments. Traditional methods, such 

as sonar and manual observation, often suffer from 

limitations related to low visibility, motion blur, and 

unreliable performance under varying water 

conditions. To address these challenges, researchers 

have turned to computer vision and deep learning 

techniques, specifically convolutional neural networks 

(CNNs), which are known for their ability to learn 

intricate patterns from large datasets.  

 

In underwater environments, CNNs have shown 

promising results in identifying fish species and 

classifying them based on physical features like size, 

shape, and color. Additionally, deep learning models 

have been applied to detect humans, both alive and 

deceased, using visual cues such as posture, 

movement, and other distinguishing features that can 

be extracted from underwater imagery. 

 

III. METHODOLOGY 

A. EXISTING SYSTEM 

Underwater detection and classification 

solutions often combine traditional sensors, 

such as sonar, with manual observation, 

leading to limitations in accuracy and real-

time performance. Basic image processing 

techniques are used to identify objects or 

marine life, but these systems face challenges 

in environments with poor visibility, motion 

blur, or murky waters. More advanced 

approaches incorporate machine learning 

algorithms, particularly convolutional neural 

networks (CNNs), to enhance object detection 

accuracy. These methods can classify fish 

species and detect human presence by 

analyzing visual features captured by high-

resolution waterproof cameras. In some cases, 

infrared imaging is used to improve visibility 

in dark, low-light underwater conditions. 

Despite these advancements, these solutions 

still struggle with real-time, reliable detection, 

particularly when identifying humans in 

underwater scenarios with challenging 

environmental factors. 

Proposed System 

The proposed system aims to enhance underwater 

detection and classification by integrating advanced 

deep learning techniques with high-resolution 

waterproof cameras. Using convolutional neural 

networks (CNNs), the system will detect and classify 

both human presence—alive or deceased—and 

various fish species based on visual features. To 

improve performance in low-visibility conditions, 

infrared imaging will be incorporated, allowing the 

system to operate effectively in dark or murky waters. 

Additionally, real-time object detection will be 

achieved by utilizing state-of-the-art algorithms like 

YOLO (You Only Look Once), which ensures fast and 

accurate analysis of underwater environments. This 

approach will enable continuous monitoring and 

provide instant alerts, making it particularly valuable 

for applications in search-and-rescue operations, 

marine life conservation, and underwater exploration. 

B. SIMULATION  

The underwater detection and classification 

capabilities using both real-world underwater 

footage and synthetic datasets. By leveraging 

deep learning frameworks such as TensorFlow 

and PyTorch, the system will be trained on 

labeled datasets to recognize human and fish 

characteristics in various underwater 

environments. The simulation will include 

scenarios with varying water clarity, lighting 

conditions, and motion dynamics to assess the 

robustness of the object detection models. 

C. SOFTWARE REQUIREMENTS 

The software requirements for this system 

include deep learning frameworks such as 

TensorFlow or PyTorch for model training and 

deployment, along with OpenCV for image 

processing tasks like object detection and 

tracking. Additionally, the YOLO (You Only 

Look Once) algorithm will be integrated for 

real-time object detection, while infrared 

image processing tools will be needed to 

enhance visibility in low-light underwater 

environments. A user-friendly dashboard for 

visualizing results and receiving alerts will be 
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developed using web technologies such as 

HTML, CSS, and JavaScript. For data analysis 

and model optimization, Python will be used 

for scripting and computational tasks. 

The hardware setup consists of a high-

resolution waterproof USB camera with 

infrared capabilities to capture clear images in 

various underwater conditions. The camera 

will be connected to a processing unit, such as 

a laptop or embedded system, equipped with a 

powerful GPU to handle the intensive 

computations required for deep learning 

algorithms. A stable power supply and 

network connectivity will also be essential for 

continuous operation and real-time 

monitoring. The system may include 

additional sensors for motion detection or 

depth measurement to further enhance the 

detection capabilities in dynamic underwater 

environments. 

 

D. ARCHITECTURE AND WORKFLOW 

Workflow of architecture diagram: 

1.Data Acquisition: 

Underwater camera or sonar data is collected in real-

time from the aquatic environment. 

 

 

Fig. 1. Architecture Diagram 

2.Preprocessing: 

The raw data is cleaned and enhanced, improving 

image quality for further analysis. 

 

3.Object Detection: 

Deep learning models analyze the image for potential 

human or fish objects, detecting their position and 

size. 

4.Feature Extraction: 

Key features such as shape, color, and movement 

patterns are extracted to distinguish humans from 

fish. 

5.Classification and Recognition: 

A classification algorithm determines if the detected 

object is a human or a fish, possibly identifying the 

fish species. 

6.Tracking and Depth Calculation: 

Continuous tracking of the objects across frames and 

depth estimation of their positions in the water. 

7.Notification and Visualization: 

Alerts are generated, and detected objects are shown 

on the user interface with labels for further action. 

IV. DETAILED DESCRIPTION 

1.Data Collection: 

Use of underwater cameras or sonar sensors to 

capture video frames or depth data in the aquatic 

environment. 

2.Preprocessing: 

Noise Reduction: Removal of noise from underwater 

images caused by water turbidity or low-light 

conditions. 

Image Enhancement: Techniques such as histogram 

equalization, contrast adjustment, and image 

sharpening to improve visibility. 

3.Feature Extraction: 

Object Detection: Using deep learning models such 

as Convolutional Neural Networks (CNNs) to 

identify and localize humans and fish within the 

images. 

Color and Shape Features: Extracting features based 

on shape, size and color. 

 

4.Classification: 
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Human Detection: Use pre-trained models or transfer 

learning techniques to identify human subjects based 

on visual characteristics like body shape, orientation, 

and movement patterns. 

Fish Detection: Utilize fish-specific models trained 

on underwater datasets to classify different types of 

fish by species, size, and body structure. 

5.Post-Processing: 

Object Tracking: Applying tracking algorithms to 

track the movement of detected humans or fish across 

frames. 

Depth Estimation: Calculating the depth and distance 

of detected objects from the camera, using stereo 

vision or sonar data. 

6.Output Generation: 

Alerts/Notifications: Automatic alerts when a human 

or specific fish species is detected, based on 

predefined rules. 

Visual Representation: Displaying detected objects 

on the video feed, possibly with bounding boxes and 

labels. 

 

V. RESULTS                     

    

            Fig. 2. The User Interface 

Fig. 3. Live webcam stream page 

Fig. 4. Fish Detection 

Fig. 5. Human Detection 

The Underwater human and fish detection involves 

using advanced technologies such as underwater 

cameras, sensors, and machine learning models to 

identify and track human beings and aquatic life in 

submerged environments. This process typically 

begins with data collection, often through 

specialized cameras or sonar devices, that capture 

visual or depth-related information. The raw data is 

then pre-processed to enhance image quality, 

remove noise, and isolate relevant objects.  

Deep learning algorithms, such as Convolutional 

Neural Networks (CNNs), are employed to detect 

and classify objects based on features like shape, 

size, and movement patterns. This includes 

distinguishing between humans and fish, sometimes 

even identifying specific species of fish. Additional 

techniques like object tracking and depth estimation 

are used to monitor movements and calculate the 

distance of objects from the camera. 

 The results are then displayed in real-time with 

visual annotations and alerts, offering valuable 

insights for applications in marine biology, 

underwater research, and security systems. Through 
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this combination of hardware and software, 

underwater detection systems provide a robust 

solution for monitoring marine environments. 

 

CONCLUSION 

underwater human and fish detection systems offer 

significant advancements in monitoring aquatic 

environments. By integrating advanced sensors, 

image processing techniques, and machine learning 

algorithms, these systems can efficiently identify and 

track both humans and marine life. The ability to 

detect, classify, and track objects in real-time enables 

applications across various fields, including marine 

research, environmental monitoring, and underwater 

security. As technology continues to evolve, the 

accuracy and efficiency of these systems are expected 

to improve, further enhancing our understanding of 

underwater ecosystems and supporting more effective 

conservation and exploration efforts. these 

innovations hold the potential to transform how we 

interact with and protect our oceans, opening up new 

opportunities for research, environmental 

stewardship, and marine industry development. 
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