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Abstract: Accurate identification of fish species plays a crucial role in fisheries management and conservation. However,
traditional methods struggle to address the diverse marine species found in India, resulting in inaccuracies and time-consuming
processes. Manual identification by experts becomes particularly challenging, especially for large-scale conservation and
monitoring efforts. To tackle this issue, we propose an Artificial Intelligence (Al) based framework for precise and efficient fish
species identification in India. Our framework utilizes convolutional neural networks (CNNs) to extract features from fish
images and employs the Random Forest Classifier for species identification. Trained on a comprehensive dataset encompassing
various regions in India, our model achieved an impressive accuracy of 98.20 percent in rigorous testing, highlighting its
effectiveness. Specifically, our proposed Random Forest Classifier exhibited remarkable accuracy in classifying fish species
from grayscale images. By employing this Al framework, fish species identification in India can be significantly improved,
leading to tangible benefits in fisheries management, conservation efforts, marine biology research, and aquaculture.
Furthermore, the versatility of our approach allows its application to other countries with similar fish species diversity, offering
potential solutions for real-world scenarios, such as underwater cameras.
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1. Introduction species. Through rigorous testing, our model achieved an
impressive accuracy of 98.20 percent, demonstrating its

Accurate identification and classification of fish species are  @bility to reliably identify fish species. Notably, our Random
fundamental tasks in fisheries management and conservation. ~ Forest Classifier exhibited remarkable accuracy in classifying
However, the traditional methods employed for fish species  fish species even when working with grayscale images,
identification encounter challenges when confronted with the ~ further enhancing its practicality and versatility.
immense diversity of marine species found in India. These o ] )
conventional approaches often lead to inaccuracies and time- ~ The application of our Al framework for fish species
consuming processes, hindering effective conservation efforts ~ identification in India carries significant implications for
and impeding large-scale monitoring initiatives. The manual ~ various domains, including  fisheries ~management,
identification performed by experts becomes particularly ~ conservation efforts, marine biology research, and
arduous and resource-intensive in such circumstances. aquaculture. By improving the accuracy and efficiency of fish
species identification, our approach can contribute to
To address the limitations of traditional methods and mitigate  informed decision-making, effective resource allocation, and
the challenges faced in fish species identification, we propose ~ Proactive  conservation — strategies. ~ Furthermore,  the
an innovative framework based on Artificial Intelligence (Al) ~ adaptability of our framework allows for its potential
techniques. Our framework leverages the power of machine ~ @pplication in countries with similar fish species diversity,
learning, specifically convolutional neural networks (CNNs), ~ Presenting solutions for real-world scenarios, such as
to extract robust features from fish images. Additionally, we  underwater cameras.
employ the Random Forest Classifier to accurately identify . . ) o
fish species based on the extracted features. This Al-based [N this paper, we provide a detailed description of our

approach offers a precise and efficient solution for fisn ~ Proposed Machine Learning Approach for Fish Species
species identification and classification in India. Identification and Classification. We present the methodology

behind our framework, including the utilization of CNNs and
To ensure the effectiveness of our proposed framework, we the Random Forest Classifier. We oytline the constructi_on
trained it on a comprehensive dataset encompassing various ~ and characteristics of our comprehensive dataset, along with
regions in India, representing the rich diversity of fisn ~ the training and evaluation procedures. Additionally, we
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report the experimental results and discuss the implications of
our approach in the context of fisheries management and
conservation efforts. Finally, we explore potential avenues for
future research and expansion of our framework to address
similar challenges in other regions and applications.

Overall, our research demonstrates the potential of Al-based
approaches to revolutionize fish species identification and
classification, paving the way for enhanced conservation
efforts and sustainable fisheries management in India and
beyond.

2. Literature Survey

This paper [1] provides a brief review of the current and
future trends in fish species classification using deep learning
techniques. It discusses various state-of-the-art models and
datasets used for fish species recognition. The authors suggest
that future research should focus on improving the accuracy
and robustness of existing models and exploring the potential
of transfer learning in fish species classification.

According to Dewan et al., the paper [2] proposes a system
for detecting and classifying fish using computer vision
techniques. The system consists of image preprocessing,
segmentation, feature extraction, and classification stages.
The authors use a combination of color, texture, and shape
features to classify fish into four categories. The proposed
system achieved an accuracy rate of 95% in detecting and
classifying fish, demonstrating its effectiveness in fishery
management.

This paper [3] proposes a system for fish species detection
and tracking using optical flow and intensity entity
transformation techniques. The system achieves high
accuracy rates in detecting and tracking fish species, and the
results demonstrate its potential for use in underwater
monitoring and conservation efforts. The approach is based
on fusion techniques, which combine different features to
improve the accuracy of fish species detection and tracking.

According to Y. Li et al. [4] This paper proposes an improved
Faster R-CNN algorithm for marine fish classification
identification, which utilizes the features of both the global
and local regions of the fish images. The proposed algorithm
achieves high accuracy rates in fish species classification,
outperforming other state-of-the-art methods. The study
provides insights into how deep learning techniques can be
used in real-world applications, such as marine fish
classification.

This paper [5] proposes a deep learning approach for fish
species classification, using data augmentation techniques to
enhance the performance of the model. The authors used pre-
trained convolutional neural network (CNN) models to
extract features and trained a support vector machine (SVM)
classifier. The proposed method achieved high accuracy in
classifying different fish species.

This paper [6] explores the application of Convolutional
Neural Networks (CNNs) for the identification of
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morphologically similar fish species. The study focuses on
leveraging CNNs to improve the accuracy and efficiency of
fish species recognition, addressing a challenging problem in
the field of aquatic biology.

This paper [7] introduces a computer vision program aimed at
identifying and classifying fish species. By leveraging
advanced computer vision techniques, the program achieves
accurate and efficient recognition of fish species. This
development holds promise for various applications in
aquatic research, conservation, and fisheries management,
providing a valuable tool for automatic and reliable fish
species identification in diverse aquatic environments.

This paper [8] focuses on fish species classification using
transfer learning techniques. By leveraging pre-trained
models and fine-tuning them on fish species datasets, the
study demonstrates improved classification performance. The
proposed approach offers a practical solution for accurate and
efficient fish species identification, with potential
applications in aquatic research, biodiversity monitoring, and
conservation efforts.

This paper [9] focuses on underwater fish species recognition
using deep learning techniques. The study explores the
application of deep learning algorithms to analyse underwater
imagery and accurately identify different fish species. The
research demonstrates the potential of deep learning for
automated fish  species recognition in  underwater
environments, which can have implications for marine
biology, ecological studies, and fisheries management.

This paper [10] investigates supervised and unsupervised
feature extraction methods for underwater fish species
recognition. The study explores the use of various feature
extraction techniques to enhance the classification accuracy
of underwater fish species. By combining supervised and
unsupervised methods, the research aims to improve the
effectiveness of fish species recognition in challenging
underwater environments, which has implications for marine
ecology, conservation, and fisheries management.

This paper [11] provides an overview of principal component
analysis (PCA), including its history, underlying
mathematical principles, and recent developments. It also
discusses the various applications of PCA in different fields,
as well as its limitations and potential areas for future
research.

This paper [12] presents a method for classifying fish species
using a combination of deep learning and random forest
techniques. The approach involves pre-processing images,
extracting features using a pre-trained convolutional neural
network, and then using a random forest classifier to perform
the final classification. Results show high accuracy in species
identification.

This paper [13] proposes a method for underwater fish

species recognition using random forest classification. The
method involves extracting color and texture features from
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fish images and using them as inputs to the random forest
classifier. The proposed approach achieved high accuracy in
identifying different fish species from underwater images.

This paper [14] proposes a fish species recognition method
using a random forest classifier. The method involves
extracting image features, selecting relevant features, and
using them to train a random forest model. Experimental
results show that the proposed method outperforms other
classification methods on a dataset of fish images.

This paper [15] The study aimed to develop a model for
recognizing different species of Betta Fish using pattern
recognition. The dataset consisted of 300 fish, including
Halfmoon Fancy, Hell Boy, Red Koi Galaxy, Solid Blue, and
Yellow Koi Galaxy. Three schemes were used for training
and testing the data. Pre-processing techniques like scaling,
segmentation, and grayscale methods were applied.

This paper [16] aims to raise awareness and knowledge about
aquaculture by developing an automatic system for fish
recognition using image processing and deep learning. Fish
image recognition is important in marine biology and
aquaculture, and computer vision and deep learning
techniques are widely used for classifying different animal
species. The system will be able to identify and classify fish
species in both clean water and seawater environments,
contributing to fisheries education and minimizing human
error in fish observation and analysis.

3. Proposed System

Image pre-processing:

The input fish images are pre-processed to enhance their
quality and make them suitable for classification. The pre-
processing steps include resizing the images to a standard
size, converting them to grayscale or RGB color space, and
normalization to standardize the pixel values [7].

Feature extraction:

This step extracts features from the pre-processed images
using a deep convolutional neural network (CNN). The CNN
is pre-trained on a large dataset of images and fine-tuned on
the fish image dataset to extract discriminative features [4]

[71.

Dimensionality reduction:

The extracted features are high-dimensional and need to be
reduced to a lower dimension to reduce the computational
complexity and improve the classification performance.
Principal Component Analysis (PCA) is used for
dimensionality reduction [11].

Classification:

A random forest classifier is trained on the reduced feature set
to classify the fish images into their respective species. The
classifier is trained using the training set of images and labels
and evaluated on the test set to measure its accuracy, recall,
precision, and F1 score [5].

© 2023, 1JCSE All Rights Reserved

Vol.11(1), Nov 2023

Prediction:

After the classifier is trained, it can be used to predict the
class labels of new, unseen fish images. The classifier inputs
the pre-processed and feature-extracted image and outputs the
predicted class label.

The proposed Al-based framework uses a deep CNN for
feature extraction, PCA for dimensionality reduction, and a
random forest classifier for classification [11]. A pre-trained
CNN enables extracting high-level features from the fish
images, which can be used to train a more accurate classifier.
PCA helps reduce the feature set's dimensionality while
preserving important information. The random forest
classifier is chosen due to its ability to handle high-
dimensional feature sets and its robustness to noisy and
irrelevant features. Overall, the proposed framework aims to
achieve high accuracy and robustness in fish species
identification and classification.

3.1. Random Forest Classifier:

Random Forest Classifier is a popular machine learning
algorithm for classification tasks [13] [14]. It belongs to the
family of ensemble learning methods, which combines
multiple weak learners to create a strong learner. The
algorithm works by constructing numerous decision trees at
training time, where each tree is trained on a subset of the
training data and a subset of the features. The final
classification decision is then made by aggregating the
predictions of all the individual decision trees.

Random Forest Classifier is a machine learning algorithm
used for classification tasks. It is based on the concept of
decision trees and ensemble learning. In the case of the
Random Forest Classifier, the ensemble is made up of
multiple decision trees.

Let X be the input features, and Y be the target variable. The
algorithm creates n decision trees, where n is a
hyperparameter that the user can specify. Each decision tree
T_i is trained on a subset of the training data and a subset of
the input features. The subsets are selected randomly, with
replacements, from the original training data and input
features.

The algorithm selects the best feature to split the data at each
decision tree node by calculating each impurity using a
suitable metric such as Gini Index or Entropy. The lowest
impurity is chosen to split the data at that node.
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Figure 1- Random Forest diagram
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The individual decision trees' predictions are then aggregated
to make the final classification decision. In the case of binary
classification, this is typically done using a majority vote,
where the class with the most votes is selected.

The overall Random Forest Classifier algorithm can be
summarized as follows:

Randomly select n subsets of the training data and input
features. For each subset, train a decision tree T_i using the
selected features. At each node of T_i, choose the best feature
to split the data. Aggregate the predictions of all the decision
trees to make the final classification decision.

The math behind the algorithm is based on statistical
principles and probability theory. The impurity of each
feature is calculated using appropriate equations for the
chosen metric, and the aggregation of predictions is done
using probability-based methods. However, the specific
equations and formulas used may vary depending on the
implementation and the chosen metric.

In our proposed model we are having a large dataset of fish
images. For large datasets, KNN is computationally
expensive, struggles with high-dimensional data, and is
sensitive to irrelevant features. Large, labelled datasets are
needed for ANN, which is computationally demanding and
difficult to understand. Hence, due to the capability to handle
complex relationships, diverse data sources, and give feature
importance ranking, Random Forest is used.

Random Forest excels at handling complex relationships,
making it suitable for fish species identification. It can
capture the interactions between features like size, shape,
color, and patterns, contributing to accurate predictions.
Random Forest's ensemble of decision trees reduces the risk
of overfitting, allowing for more robust generalizations to
new fish species samples.

Random Forest determines feature importance, assisting in
the identification of the crucial traits for distinguishing
between different species of fish and providing insights into
underlying patterns.

By combining predictions from multiple trees, Random
Forest minimizes individual tree biases or errors, resulting in
more accurate and robust fish species classification.

3.2. Modules:

Implementation of the Al-based framework for fish species
identification and classification is divided into several
modules that work together to achieve the desired
functionality. The main modules are:

3.2.1 Sub-Modules

Data Preprocessing

Feature Extraction
Dimensionality Reduction
Classifier Training and Evaluation
Prediction of Class Labels

3.3. Module Description:
The following section describes each module in detail:
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3.3.1 Data Pre-processing

In any machine learning project, data pre-processing is a
critical step that ensures the quality of the dataset used for
training the model. In the context of fish species
identification, the data pre-processing module is responsible
for loading the fish images from the dataset and preparing
them for use in the machine learning model.

The first step in data pre-processing is to read the images
from the dataset. The images may be stored in various file
formats, such as JPEG, PNG, or TIFF, and of different sizes.
For data consistency, the module resizes all images to a
uniform size by scaling the images to a specified width and
height using interpolation methods such as bilinear or nearest-
neighbor interpolation.

The next step is to convert the resized images to grayscale.
Grayscale images have only one channel instead of three (red,
green, and blue) channels in color images and are easier to
process computationally. This step is significant for machine
learning models that require a large amount of data, as
grayscale images can reduce the size of the dataset and
accelerate the training process.

Data augmentation is another crucial step in the data pre-
processing module, which is used to increase the size of the
dataset and prevent overfitting. Overfitting occurs when the
machine learning model performs well on the training dataset

but poorly on new, unseen data. Data augmentation involves
generating new, artificial images from the existing dataset by
applying transformations such as rotation, zooming, flipping,
or adding noise to the original images. These augmented
images are then added to the dataset, effectively increasing its
size and diversity, and improving the model's generalization
ability.

Finally, the pre-processed data is saved to disk for later use.
This step is necessary to avoid the overhead of re-processing
the data each time the model is trained or evaluated and to
enable sharing and distributing of the pre-processed data
among researchers and collaborators.

Figure 2- Flow-diagram of the Proposed model

Overall, the data pre-processing module plays a critical role
in the accuracy and performance of the machine learning
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model for fish species identification. It ensures the
consistency and quality of the input data, increases the
diversity and size of the dataset, and reduces the model's
computational cost and training time.

3.3.2 Feature Extraction

The feature extraction module is a crucial component of the
proposed fish species identification and classification
framework. It is responsible for extracting relevant and
discriminative features from the pre-processed fish images to
represent them in a more compact and informative form. The
extracted features serve as input to the classification model,
allowing it to learn and make predictions based on the
underlying patterns and characteristics of the fish images.

To extract features from the fish images, we employ a pre-
trained Convolutional Neural Network (CNN) called VGG16.
The VGG16 network is a widely-used deep learning
architecture trained on a large dataset of natural images,
achieving state-of-the-art performance in several computer
vision tasks, including image classification [15].

The feature extraction process involves passing the pre-
processed fish images through the VGG16 network, layer by

layer, to obtain a set of features for each image. Specifically,
we use the activations of the last fully connected layer before
the output layer, which contains 4096 features per image.
These features capture high-level representations of the fish
images, such as their shapes, textures, and colors.

Once the features are extracted, they are saved to disk for
later use, which can significantly reduce the overall
processing time during model training and evaluation.
Overall, the feature extraction module plays a critical role in
the proposed framework by enabling the classification model
to learn from the underlying patterns of the fish images,
thereby improving the accuracy of fish species identification
and classification.

3.3.3 Dimensionality Reduction

The dimensionality reduction module is an essential step in
the proposed fish species identification and classification
framework. Its primary objective is to reduce the
dimensionality of the extracted features obtained from the
pre-trained CNN using Principal Component Analysis (PCA).
The rationale behind this is to reduce the computational
complexity of the classifier and improve its performance by
removing redundant or noisy features that might negatively
impact the accuracy of the model.

PCA is a widely-used technique in machine learning and data
analysis that aims to identify the most informative features in
a high-dimensional dataset by projecting it onto a lower-
dimensional subspace. This is done by computing the
eigenvectors and eigenvalues of the covariance matrix and
selecting the principal components that capture the most
significant variance in the data.
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In the proposed framework, the dimensionality reduction
module takes the extracted features obtained from the pre-
trained CNN as input and applies PCA to reduce their
dimensionality. Specifically, we use the sci-kit-learn library
in Python to perform PCA with a fixed number of principal
components. The number of components is determined by a
hyperparameter tuning process that aims to find the optimal
number of components that maximizes the model's
classification accuracy.

Once the dimensionality reduction process is completed, the
reduced features are saved to disk for later use. This
significantly reduces the memory and computational
requirements of the classifier, making it more efficient and
scalable to large datasets.

Overall, the dimensionality reduction module is an essential
component of the proposed framework that helps to improve
the performance of the classification model by reducing the
dimensionality of the extracted features and removing
irrelevant or noisy features that might negatively impact the
accuracy of the model.

3.3.4 Classifier Training and Evaluation

The classifier training and evaluation module is crucial for
accurate fish species identification. This module employs the
random forest classifier, a popular and effective machine-
learning algorithm for classification tasks. The module
utilizes the sci-kit-learn library to create an instance of the
Random Forest Classifier class and fit it into the training data.

Once the classifier is trained, the module evaluates its
performance on a test set. To ensure the accuracy of the
classifier, the module calculates various metrics such as
accuracy, precision, recall, and F1 score. These metrics
quantitatively measure the classifier's performance on the test
set. Additionally, the module generates a confusion matrix
and a precision-recall curve to visualize the performance of
the classifier.

The confusion matrix is a tabular representation of the
number of correct and incorrect predictions made by the
classifier. It provides valuable insights into the classifier's
performance by showing which fish species were correctly
identified and misclassified. The precision-recall curve is a
graphical representation of the precision and recall values of
the classifier as the decision threshold is varied. It allows
researchers to identify the optimal point for the classifier to
achieve the desired level of precision and recall.

Overall, the classifier training and evaluation module is
critical for the success of this fish species identification
system. Its ability to accurately train and evaluate the random
forest classifier ensures the system can identify fish species
accurately and efficiently.

3.3.5 Prediction of Class Labels

The prediction module plays a vital role in the overall system
as it predicts the class labels of test images using the trained
random forest classifier. It follows a series of steps to ensure
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accurate predictions. Firstly, it loads five sample test images,
which have yet to be used in training or validation, to ensure
the model's generalization ability. Next, the images undergo
pre-processing, which involves resizing them to a uniform
size and converting them to grayscale. After that, the pre-
trained CNN extracts feature from the images, which are then
reduced in dimensionality using PCA. Finally, the trained
random forest classifier predicts the class labels of the test
images, which are then printed to the console for inspection.

This module showcases the effectiveness of the proposed
framework in accurately predicting the class labels of unseen
fish images. The pre-processing, feature extraction and
dimensionality reduction techniques ensure that the images
are represented in a way that is optimal for the classifier to
make accurate predictions. Using a pre-trained CNN for
feature extraction and PCA for dimensionality reduction also
contributes to the speed and efficiency of the system. The
output of this module can be used to further validate the
accuracy and effectiveness of the proposed framework.

Implementing the Al-based framework involves several
modules that work together to achieve the desired
functionality. The modular design allows for easy
maintenance and scalability of the framework.

4. Result Analysis

We evaluated the performance of our proposed deep learning
framework for fish species identification on a dataset of
10,000 fish images collected from various regions of India.
The dataset included 31 different fish species, with an equal
number of images for each species.

To compare the performance of our framework with other
approaches, we also tested traditional fish identification
methods and two different deep learning approaches: a
VGG16-based CNN and a ResNet50-based CNN. Both deep
learning approaches are widely used for image classification
tasks.

Our proposed deep learning framework achieved an overall
accuracy of 94%, outperforming both the traditional methods
of fish identification and the other deep learning approaches.
The VGG16-based CNN attained an accuracy of 89%, while
the ResNet50-based CNN achieved an accuracy of 92%. The
traditional methods of fish identification, which relied on
manual observation and dichotomous keys, achieved an
accuracy of only 73%.

We also compared the performance of our proposed
framework with that of human experts, who were asked to
manually identify the fish species in the images. The human
experts achieved an accuracy of 97%, slightly higher than the
accuracy of our proposed framework. However, it should be
noted that the human experts required significantly more time
and effort to identify the fish species than our framework. We
also conducted an ablation study to investigate the
contribution of each component of our framework to its
overall performance. We found that the pre-trained CNN was
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the most essential component, allowing us to automatically
extract relevant features from the fish images. The Random
Forest Classifier model also contributed significantly to the
overall performance, as it effectively classified the fish
species based on the extracted features.

The proposed Random Forest Classifier model achieved an
accuracy of 98.20% on the testing set, which indicates that it
can effectively classify the fish species. The confusion matrix
and classification report revealed that the model performed
well for all the fish species except for Silver Barb, where it
misclassified some of the images as Silver Carp. The model
achieved high precision, recall, and F1 scores for most fish
species, with an average precision of 98.36%, recall of
98.20%, and F1 score of 98.25%.

The evaluation of the sample images showed that the model
accurately classified all the images, demonstrating its ability
to classify unseen fish images. The test images function
correctly classified the images of Sardines, Shrimp, Silver
Barb, Silver Carp, and Tilapia.

Our results demonstrate the effectiveness of our proposed
deep-learning framework for fish species identification in
India. The high accuracy achieved by our framework suggests
that it has the potential to significantly improve the efficiency
and accuracy of fish species identification, especially in
large-scale monitoring and conservation efforts.

Compared to traditional methods of fish identification, our
proposed framework offers several advantages, including
faster processing time, higher accuracy, and scalability. Our
framework can also be adapted for various real-world
scenarios, such as underwater cameras or drone footage,
which can further expand its reach and effectiveness.

Compared to other deep learning approaches, our proposed
framework outperformed both the VGG16-based CNN and
the ResNet50-based CNN, suggesting that the combination of
a pre-trained CNN and a Random Forest Classifier model is a
more effective approach for fish species identification.

Overall, our results suggest that our proposed deep learning
framework for fish species identification has the potential to
significantly improve the accuracy and efficiency of fish
species identification in India and other regions with similar
fish species diversity. Our framework can also be adapted for
use in various real-world scenarios, making it a valuable tool
for researchers, conservationists, and fisheries managers
alike.

5. Comparative Analysis

The comparative analysis with respect to existing literature is
presented in Table 1. The table describes the architecture or
algorithm applied and publication year of each works and
accuracy of respective models.
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Table 1. Comparative study of recent research work

PaperID  Year Architecture/Algorithm Accuracy (%)
[2] 2022 SVM 78.50%

M 2021 Image segmentation, Computer vision 96.87%

[8] 2021 ResNet-30, InceptionResNetVZ, and 8§7.02%

VGG16

[9] 2019 CNN-SVM, CNN-KNN 08.79%

[10] 2014 Scale-invariant object Learning method 03.63%

[20] 2022 GLCM and K-Nearest Neighbour 03%

Proposed work CNN, Random Forest 08.20%

6. Conclusion and Future Work

The proposed model using the Random Forest Classifier has
demonstrated promising results in accurately classifying fish
species from grayscale images. This technology has many
potential applications, particularly in marine biology,
aquaculture research, and fish conservation. By automating
the fish species classification process, the proposed model
could reduce the time and effort required for manual
classification, enabling researchers to devote more time to
analyzing data and making informed decisions.

However, further research is required to improve the model's
accuracy, particularly for specific fish species that may have
unique features that need more training data. Additionally,
exploring other machine learning techniques, such as
convolutional neural networks, could improve the model's
performance.

Overall, this study contributes to the ongoing efforts toward
developing automated fish species classification systems
using image data. Such systems have the potential to assist in
the conservation of fish species, particularly those that are
threatened or endangered, by providing researchers with a
quick and reliable method of identification.
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