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MESSAGE  
 

National Institute of Agricultural Extension Management (MANAGE), 

Hyderabad is an autonomous organization under the Ministry of 

Agriculture & Farmers Welfare, Government of India. The policies of liberalization and 

globalization of the economy and the level of agricultural technology becoming more 

sophisticated and complex, calls for major initiatives towards reorientation and 

modernization of the agricultural extension system. Effective ways of managing the 

extension system needed to be evolved and extension organizations enabled to transform 

the existing set up through professional guidance and training of critical manpower. 

MANAGE is the response to this imperative need. Agricultural extension to be effective, 

demands sound technological knowledge to the extension functionaries and therefore 

MANAGE has focused on training program on technological aspect in collaboration with 

ICAR institutions and state agriculture/veterinary universities, having expertise and 

facilities to organize technical training program for extension functionaries of state 

department.  

 

In recent years, the aquaculture industry has witnessed a significant paradigm shift driven 

by the integration of digital technologies. This transformation is not merely about adopting 

new tools; it's a strategic evolution that holds immense importance for the sustainable 

development and growth of aquaculture. Here's a glimpse into the pivotal role that digital 

technologies play in reshaping and enhancing the aquaculture landscape. In essence, the 

adoption of digital technologies in aquaculture marks a transformative journey toward a 

more efficient, sustainable, and resilient industry. As we navigate the complexities of a 

growing global population and increasing demand for seafood, embracing these 

technological advancements becomes not just an option but a necessity for the future of 

aquaculture. 

 

It is a pleasure to note that, TNJFU-Dr.M.G.R.FC&RI, Ponneri, Tamil Nadu and 

MANAGE, Hyderabad, is coming up with a joint publication as e-book on “Digital 

Technologies for the Transformation of Aqua Farming in India”. 

 

I wish the program be purposeful and meaningful to the participants and the e-book will be 

useful for stakeholders across the country. I extend my best wishes for the success of the 

program and also I wish TNJFU- Dr. M.G.R, FC&RI, Ponneri, Tamil Nadu, many more 

glorious years in service of Indian agriculture and allied sector ultimately benefitting the 

farmers. I would like to compliment the efforts of Dr. Shahaji Phand, Center Head-EAAS, 

MANAGE, Hyderabad and the Dean ic,TNJFU-Dr.M.G.R.FC&RI, Ponneri,Tamil Nadu 

for this valuable publication. 

 

                                                                                                         
Dr. P. Chandra Shekara 

Director General, MANAGE 
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FOREWORD 

 

In the dynamic landscape of agriculture and aquaculture, the infusion of digital technologies is 

redefining the way we approach food production. This eBook, "Digital Technologies for the 

Transformation of Aqua Farming in India," stands as a beacon, guiding us through the 

revolutionary changes and innovations unfolding in the aquaculture sector. India's aqua 

farming industry plays a crucial role in meeting the escalating demand for seafood. As we 

navigate challenges such as sustainable resource management, environmental conservation, 

and the need for increased productivity, the integration of digital technologies emerges as a 

transformative force. 

 

This comprehensive eBook delves into the myriad ways in which digital technologies are 

reshaping aqua farming practices. From precision aquaculture and smart monitoring systems 

to data analytics and blockchain applications, each chapter unfolds a new dimension of 

possibilities. The amalgamation of traditional wisdom with cutting-edge technologies has the 

potential to propel Indian aqua farming into a new era of efficiency, sustainability, and 

profitability. 

 

As we embrace this digital revolution, stakeholders, farmers, researchers, and 

policymakers must be well-informed. This eBook serves as an invaluable resource, offering 

insights, case studies, and practical knowledge to empower individuals and organizations alike. 

 

I commend the authors for their dedication to illuminating the transformative power of 

digital technologies in aqua farming. May this eBook inspire and guide all those engaged in 

the pursuit of a more resilient, productive and sustainable aquaculture industry in India. I would 

like to take this opportunity to congratulate MANAGE and TNJFU-Dr.M.G.R.FC&RI,Ponneri 

for their fruitful collaboration towards benefits to the farmer community.  

                                                                                                                        
Wishing you an insightful and enriching journey through the pages of "Digital Technologies 

for the Transformation of Aqua Farming in India. 

          

 

 

 Dr.Cheryl Antony 

Deani/c 

Dr. M.G.R.FC&RI, Ponneri 
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Preface 
 

We are delighted to introduce you to our collaborative effort, the eBook titled "Digital 

Technologies for the Transformation of Aqua Farming in India." As editors, we find ourselves 

at a juncture where the rich tapestry of traditional aquaculture intertwines with the innovative 

potential of digital technologies, forging a new path for the aqua farming landscape. This 

eBook is a collection of insights, perspectives, and practical knowledge contributed by experts 

in the field, with the aim of shedding light on the transformative influence of digital 

technologies in the Indian aquaculture sector. 

The chapters within this eBook are authored by distinguished scientists and 

industrialists actively engaged in advancing digital technologies within the country. Notably, 

TNJFU-Dr. M.G.R. Fisheries College & Research Institute, Ponneri, & MANAGE, Hyderabad 

shares a keen interest in propagating these digital technologies for the benefit of industry 

stakeholders. 

The aqua farming industry in India stands at a critical juncture, facing challenges such 

as sustainable resource management, environmental conservation, and the need for increased 

productivity to meet the rising demand for seafood. Digital technologies emerge as powerful 

tools that not only address these challenges but also open up new possibilities for the industry's 

growth and sustainability. In the face of a rapidly evolving aqua farming landscape, digital 

technologies are not just tools; they are catalysts for change. They hold the promise of a more 

sustainable, productive, and resilient industry. As editors, we are grateful to the dedicated 

authors who have contributed their expertise to enrich this eBook. Our collective hope is that 

this compilation inspires, stimulates dialogue, and serves as a valuable resource for all those 

engaged in the dynamic world of aqua farming. 

Embark on this journey with us as we navigate the digital wave that is transforming 

aqua farming in India. 

 

Dr.Menaga Meenakshisundaram 

Dr. Sushrirekha Das 

Dr. Shahaji Phand 

Dr.Balasundari.S  
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Chapter-1 

 

Deep Learning Techniques for Water Quality Prediction in Smart 

Aquaculture 

 

Rahul Gandhi D and Dr. Harigovindan V P 

Dept. of Electronics and Communication Engg, National Institute of 

Technology Puducherry, Karaikal – 609 604 

 

Abstract 

Aquaculture is a rapidly growing industry that plays a vital role in ensuring global food security 

as well as sustainability. Water quality management is a critical challenge for sustainable and 

profitable aquaculture production. Deep learning (DL) techniques have emerged as powerful 

tools for water quality prediction, enabling real-time monitoring and proactive interventions. 

Convolutional Neural Networks (CNNs) are well-suited for analyzing and predicting water 

quality parameters. Recurrent Neural Networks (RNNs), equipped with memory cells like 

Long Short-Term Memory (LSTM) and Gated Recurrent Unit (GRU), excel at capturing 

temporal dependencies in water quality parameters such as dissolved oxygen levels, salinity, 

pH fluctuations, and temperature variations. Here, we present the different DL techniques for 

WQP in Aquaculture. A study of LSTM and GRU DL-RNN models for water quality 

prediction on dataset collected from aquaculture farms in Kerala is also presented. The results 

demonstrate the effectiveness of DL-RNN models in achieving high prediction accuracy of 

water quality parameters with better computation efficiency. 

1. Introduction 

Aquaculture is essential for global food sustainability, as the world's population is projected to 

exceed 9 billion by 2050 [1]. Overfishing has pushed wild fisheries beyond their limits, 

threatening to meet the growing demand for fish. Aquaculture has steadily grown to provide a 

sustainable source of fish food, protecting marine life and ensuring a consistent supply [2]. 
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Smart and precise aquaculture is essential for profitable, sustainable, and low-carbon food 

production. Advances in technology have made aquaculture more intelligent and efficient [3, 

4]. The parameters governing water quality such as temperature, pH levels, dissolved oxygen 

content and salinity are pivotal factors influencing the health and growth of aquatic organisms. 

Water quality is crucial to fish production in intensive aquaculture, and is influenced by many 

factors, such as pollution, climate, feed quality, feeding interval, and fish density. Water quality 

monitoring (WQM) is essential for scientific decision-making in aquaculture. Real-time WQM 

is necessary to detect water pollution early and to help farmers manage water quality for high 

density aquaculture. Accurate forecasting and appropriate water quality management can 

minimize the use of antibiotics and chemicals, making high-intensity precision aquaculture 

green, sustainable, and more profitable [5, 6]. 

The non-linear nature of aquaculture water quality (A-WQ) makes accurate water quality 

prediction (WQP) a challenge. Statistical and shallow machine learning methods have 

drawbacks in non-linear prediction, such as lower predictive accuracy and weak generalization 

capability [7, 8]. Deep learning recurrent neural networks (RNNs), such as LSTM, GRU, and 

CNN, can capture the non-linear interdependencies in aquaculture water quality (A-WQ) data, 

enabling accurate water quality prediction (WQP). Deep Learning (DL) has been widely 

applied to sequence data processing, time series prediction, and other fields involving text, 

image, and speech processing [9, 10]. In this era of smart aquaculture, the traditional notions 

of fish farming have been redefined. No longer confined to static, isolated environments, 

modern aquaculture systems are dynamic, interconnected ecosystems where precision and 

responsiveness reign supreme. This revolution has been made possible by the convergence of 

disciplines such as marine biology, engineering, computer science, and data analytics [11]. 

2. Deep Learning Techniques for Water Quality Prediction 

In the pursuit of sustainable aquaculture practices, accurate prediction of water quality 

parameters is of paramount importance. Deep learning techniques have emerged as powerful 

tools in this endeavor, offering unprecedented capabilities in processing complex data and 

making precise predictions. This chapter explores various deep learning architectures and 

methods employed for water quality prediction in smart aquaculture systems. 

1.2.1 Convolutional Neural Networks (CNNs) 

Convolutional Neural Networks (CNNs) have revolutionized image processing tasks. In water 

quality prediction, CNNs are utilized to analyze visual data captured by underwater cameras. 

These networks excel at extracting spatial features from images, making them invaluable for 
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tasks such as assessing water clarity, detecting harmful algal blooms (HABs), and monitoring 

the presence of pollutants [12]. By training on a diverse dataset of underwater imagery, CNNs 

learn to recognize patterns associated with different water quality parameters. For instance, 

variations in color, texture, and object shapes can be indicative of turbidity, clarity, and the 

presence of specific algae species. This enables CNNs to provide real-time assessments of the 

aquatic environment, allowing for prompt intervention when adverse conditions arise. 

1.2.2 Recurrent Neural Networks (RNNs) 

Recurrent Neural Networks (RNNs) specialize in processing sequential data, making them 

well-suited for time-series analysis in water quality prediction. Parameters like dissolved 

oxygen levels, pH fluctuations, and temperature variations are inherently dynamic and exhibit 

temporal dependencies. RNNs, equipped with memory cells like Long Short-Term Memory 

(LSTM) and Gated Recurrent Unit (GRU), excel at capturing these temporal relationships. In 

LSTM, a control unit is introduced to store information, unlike a hidden layer in RNN. This 

hidden state is divided to memory cells ct and working memory ht. The ct is responsible for 

sequence features retention, and previous sequence memory is controlled by the forgetting gate 

f. The portion of the current memory ct is controlled by output gate ot and ht is used as the 

output. The current state ht-1 and current input xt written to memory cells are responsibility of 

the input gate i. The LSTM architecture [13, 15] is shown in Fig. 1 

 

 

Figure 1. LSTM Neuron Structure 

 

GRU is similar to LSTM, but required lesser computing power. GRU is an improved version 

of RNN with only two gates, an update gate and a reset gate. There are no additional memory 

cells to store information; GRU can control information inside the unit. The update gate decides 

whether to pass the previous output ht-1 to the next cell. The reset gate reads the input sequences 

when the gate is set to zero and forgets the previously calculated state. As a result, GRU has a 
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fewer tensor operations than LSTM and runs typically faster than LSTM. The GRU 

architecture [14] is shown in Fig. 2 

 

Figure 2. GRU Neuron Structure 

 

By ingesting time-stamped sensor readings, RNNs can learn to forecast future values based on 

historical data. This capability is invaluable for predicting trends, identifying anomalies, and 

facilitating timely interventions. For instance, RNNs can detect patterns indicative of hypoxic 

conditions, allowing for preemptive measures to be taken to ensure the health of aquatic 

organisms. 

1.2.3 Hybrid Models: CNN-RNN Fusion 

The strengths of CNNs and RNNs can be combined in hybrid models to harness the advantages 

of both architectures. This fusion approach is particularly powerful in scenarios where both 

visual data and temporal information are crucial for accurate predictions [16]. For example, 

consider a scenario where underwater cameras capture images over time. CNNs process these 

images to assess parameters like water clarity and the presence of HABs. Simultaneously, 

RNNs analyze temporal data from sensors, tracking variations in parameters like dissolved 

oxygen, temperature, and pH levels. By integrating these insights, aquaculturists gain a 

comprehensive understanding of the water quality dynamics. 

1.2.4 Generative Adversarial Networks (GANs) 

Generative Adversarial Networks (GANs) have shown promise in anomaly detection for water 

quality prediction. By training on a dataset of normal water quality conditions, GANs learn to 

generate synthetic data representing typical sensor readings. When presented with real-time 

sensor data, GANs can detect anomalies or deviations from the expected patterns. This 

capability enhances the system's ability to respond swiftly to unforeseen events [17]. 

1.2.5 Model Ensembles and Meta-Learning 
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Ensemble techniques, such as combining multiple models or using meta-learning strategies, 

can further enhance the predictive accuracy of water quality models. By leveraging the 

strengths of different deep learning architectures, ensemble approaches provide robust 

predictions and increase the resilience of the system to varying environmental conditions [18]. 

3. Data Analysis Process involved in Deep Learning Techniques 

Effective data analysis is the cornerstone of successful water quality prediction using deep 

learning techniques. Through meticulous data collection, preprocessing, visualization, and 

model selection, we pave the way for accurate and actionable insights into the aquatic 

environment. This topic serves as a roadmap, guiding practitioners through the essential steps 

to harness the full potential of deep learning in smart aquaculture. 

1.3.1 Data Collection and Acquisition 

The foundation of any successful water quality prediction system lies in the data it relies upon. 

In the context of deep learning techniques, acquiring diverse and high-quality data is 

paramount. This process begins with the deployment of a network of sensors within the 

aquaculture environment. These sensors are strategically placed to capture a comprehensive 

range of water quality parameters such as temperature, pH levels, dissolved oxygen content, 

nutrient concentrations, turbidity, and more. To ensure accuracy and reliability, it's essential to 

calibrate these sensors regularly. This involves comparing sensor readings with manually 

collected samples and making necessary adjustments. Additionally, sensors should be chosen 

based on their suitability for the specific environment, taking into account factors like salinity 

levels and potential interference from organic matter. 

1.3.2 Data Preprocessing and Cleaning 

Raw sensor data often requires preprocessing to prepare it for use in deep learning models. 

This involves a series of steps [19]: 

 Normalization and Scaling: Parameters collected by sensors may have different units or 

scales. Normalizing the data ensures that each parameter contributes proportionally to 

the learning process. 

 Outlier Detection and Handling: Outliers, or erroneous data points, can skew 

predictions. Robust statistical techniques or domain knowledge-based methods are 

employed to identify and address these outliers. 

 Missing Data Imputation: Incomplete data is a common issue in real-world applications. 

Techniques such as interpolation or extrapolation are used to fill in missing values. 
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 Feature Engineering: Relevant features are extracted from the raw data to enhance the 

model's ability to discern patterns. For example, derived features like water quality 

indices or rate of change over time can be computed. 

1.3.3 Data Visualization and Exploratory Data Analysis (EDA) 

Visualizing the data is an important step in understanding its characteristics. Graphical 

representations and statistical summaries reveal trends, patterns, and correlations between 

different parameters. EDA aids in making informed decisions about feature selection, 

identifying outliers, and understanding the underlying distribution of the data [20]. 

1.3.4 Data Splitting for Training and Validation 

To evaluate the performance of a deep learning model, it's essential to divide the dataset into 

training and validation sets. The training set is used to teach the model patterns in the data, 

while the validation set assesses its generalization capabilities on unseen data. The data split 

should be performed in a way that maintains the temporal sequence of observations to simulate 

real-world conditions [21]. 

1.3.5 Model Selection and Architecture 

Choosing the appropriate deep learning architecture is critical for accurate WQP. For water 

quality prediction, Convolutional Neural Networks (CNNs) are effective for image-based data 

[22], while Recurrent Neural Networks (RNNs) excel in processing sequential data [23]. 

Hybrid models that combine both CNN and RNN components may also be considered for 

comprehensive insights. 

1.3.6 Model Training and Evaluation 

Once the architecture is chosen, the model is trained on the training dataset. During training, 

the model learns to make accurate predictions based on the input data. Evaluation metrics like 

Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R-squared (R2) are used 

to quantify the model's performance on the validation set. 

1.3.7 Hyper parameter Tuning and Optimization 

Fine-tuning the model involves adjusting hyper parameters like optimizers, learning rate, 

window size, batch size, and regularization techniques. This iterative process aims to improve 

the model's predictive accuracy and prevent over-fitting [24]. 

1.3.8 Model Deployment and Monitoring 

After satisfactory performance is achieved, the model is deployed in the aquaculture system 

for real-time predictions. Continuous monitoring of model performance is crucial, and periodic 

retraining may be necessary to adapt to changing environmental conditions. 



 18 

1.4 Results and Discussions: A Study for Real-World Water Quality Dataset 

This section presents the results of experiments to evaluate the performance of LSTM and GRU 

deep learning recurrent neural network models on a real-world water quality dataset. The 

performance of the suggested DL-RNN models in terms of prediction accuracy and computing 

efficiency has been verified. The aquaculture water quality data [25] used in this experiment 

was collected from aquaculture farms under ADAK, Kerala. The data includes salinity, pH, 

DO, and temperature. The data was collected daily for three years, from January 2016 to 

December 2018. In this experiment, a thorough analysis has been performed by tuning various 

hyper parameters such as optimizers, learning rate, epochs, window size, and batch size. From 

the analysis, suitable hyper parameters have been selected for obtaining better prediction 

accuracy. The optimal sets of hyper parameters are as follows: Optimizer; Adam, Learning 

rate; 0.001, Epochs; 10 and 50, Batch size; 64, and Window size; 30. Prediction accuracy 

provided by various DL model has been observed based on the error metrics such as MAE, 

MSE, RMSE, MAPE values. 

Table 1 reports the prediction accuracy for the ADAK water quality dataset and provides MAE, 

MSE, RMSE, and MAPE analysis of the LSTM and GRU DL-RNN models for four water 

quality parameters. The prediction accuracy has been compared for epochs 10 and 50. The 

computation time required for each model is also given. It has been observed that LSTM and 

GRU have achieved good prediction accuracy and computation efficiency for the optimal sets 

of hyper parameters. 

 

Table 1. Evaluation of prediction accuracy of LSTM and GRU DL-RNN models for ADAK 

Water quality datasets (Hyper parameters: Optimizer; Adam, Learning rate; 0.001, Epochs; 

10 and 50, Batch size; 64, and Window size; 30) 

 

 

 

Water 

Quality 

Parameters 

 

 

Model 

 

Epochs = 10 

 

 

Epochs = 50 

 

MAE 

 

MSE 

 

RMSE 

 

MAPE 

 

 

Time 

(S) 

 

MAE 

 

MSE 

 

RMSE 

 

MAPE 

 

Time 

(S) 

 

Salinity(ppt) LSTM 0.3827 0.2238 0.473 0.0247 2.96 

0.328

9 0.1756 0.4191 0.0212 7.02 

GRU 0.5383 0.4695 0.6852 0.035 2.75 0.271 0.118 0.3435 0.0175 6.73 
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pH LSTM 0.0343 0.0019 0.0433 0.0047 2.81 

0.038

2 0.0026 0.0508 0.0052 7.14 

GRU 0.0479 0.0036 0.0599 0.0065 2.87 

0.029

2 0.0014 0.0373 0.004 6.49 

 

DO(ml/L) LSTM 0.0585 0.0047 0.0683 0.0111 2.74 

0.035

1 0.0018 0.0426 0.0067 7.12 

GRU 0.0461 0.0041 0.0637 0.0088 2.69 

0.027

2 0.0013 0.036 0.0052 6.63 

 

Temperature 

(C) 

LSTM 0.3652 0.215 0.4637 0.0145 2.81 0.398 0.2812 0.5303 0.0157 6.93 

GRU 0.508 0.4252 0.6521 0.0202 2.62 

0.325

6 0.1986 0.4457 0.0129 6.73 

 

 

1.5 Conclusion 

 

Deep learning (DL) is revolutionizing the aquaculture by providing a holistic approach to 

understanding and managing the aquatic environment. DL techniques are providing better 

solutions for water quality monitoring and water quality prediction in aquaculture. In this 

chapter, an experiment have been performed using two popular deep learning recurrent neural 

network (DL-RNN) models, long short -term memory (LSTM) and gated recurrent unit (GRU) 

for aquaculture water quality prediction (A-WQP). The experimental results show that DL 

models, LSTM and GRU are capable to achieve high prediction accuracy with lesser 

computation time. 
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Introduction 

 

India is the world’s second-largest smartphone market, with the number of smartphone users 

expected to reach 875 million by 2023. This number constitutes approximately 20% of the total 

global smartphone users (He et al., 2021; Sivakumar et al., 2022). Smartphones coupled with 

high-speed internet have revolutionised the utility of smartphones in information generation 

and dissemination. Of the 759 million active internet users in India for the year 2022, 399 

million are from rural India. Importantly, the majority of farmers have access to smartphones 

and therefore, the smartphone applications can assist them to improve their decision making in 

farm operations. These applications offer better affordability and user capabilities as compared 

to other ICT tools. For helping the farmers and other stakeholders, the Government of India 

has launched several smartphone applications or Mobile Apps free of cost to disseminate 

agriculture-related information such as a package of practices, pest and disease control 

measures, governmental schemes, and connecting farmers with subject matter experts and 

consumers. Some of the mobile Apps developed by the ICAR Fisheries Research Institutes 

include CIFT Lab Test, CIFTFISHPRO, mKRISHI® Fisheries, Vanami Shrimp app and CIFT 

Training. Further, developing more agriculture-related smartphone applications appears to be 

advantageous, keeping in view the size and diversity of the stakeholders. In the digital era, 

smartphone applications are the potential communication tools for disseminating agricultural 

information in a timely and cost-effective manner. 

India ranks third in the world in fish and aquaculture production. Over the years, this 

sector has witnessed tremendous growth, with over 10 percent growth during the year 2021-

22. Diseases in aquatic animals are the most significant constraint in the sustainable growth of 

this sector. These result in decreased production in addition to losses due to mortality. World 
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over, about 10% of farmed aquatic animals are lost due to diseases, and the disease losses in 

aquaculture have been estimated to be US $ 10.0 billion globally (Shinn et al., 2015; 

Subasinghe et al., 2023). In India, the annual losses due to diseases in shrimp culture account 

for approx. Rs. 7100/- crores (Patil et al., 2021). Protecting aquatic animal health requires 

adequate and timely disease reporting to allow appropriate action to be taken to mitigate 

potential risks quickly and effectively. Besides, disease reporting and surveillance systems are 

essential to know existing levels of disease, effectiveness of control programs and, in the 

context of disease eradication programs, documentation around the continued absence of 

disease from a given population or region, in addition to the detection of emerging diseases.  

A major challenge of traditional reporting systems is the need to collect reports from 

different sources and compile them at central level at regular intervals. The compiling process 

is potentially challenged by unintentional alterations of results due to errors in data submission 

or transcription. On the other hand, the flexibility, portability, connectivity and geo-location 

features of smartphones makes them an effective tool for electronic collection and submission 

of animal health data in real-time. The smartphone applications can improve timeliness, and 

quality of data through the use of relatively inexpensive and increasingly ubiquitous 

smartphone applications. Such applications can enhance the early detection of an emerging 

disease and strengthen preparedness, response, and mitigation activities. 

 

Genesis of National Surveillance Programme for Aquatic Animal Diseases & 

ReportFishDisease application 

A National Surveillance Programme for Aquatic Animal Diseases (NSPAAD) was 

initiated in the year 2013 with the financial assistance from Department of Animal Husbandry, 

Dairying and Fisheries, Government of India. This programme is considered to be crucial for 

implementation of ‘The Prevention and Control of Infectious and Contagious Diseases in 

Animals Act, 2009' enacted by Govt. of India. In the first phase (2013-2022), this program was 

implemented in 19 states and 3 union territories through 29 institutes, and the programme was 

coordinated by ICAR-National Bureau of Fisheries Genetic Resources (NBFGR), Lucknow. 

In its second phase (2022-2025), this programme is being implemented in all the states with 

the support from collaborative centres viz., all the eight ICAR Fisheries Research Institutes, 

College of Fisheries in different states, State Fisheries Departments and Marine Product Export 

Development Authority (MPEDA). This phase is being funded by the Department of Fisheries, 

Government of India under the Pradhan Mantri Matsya Sampada Yojana, and coordinated by 

ICAR-NBFGR, Lucknow. The main objective of this program is to strengthen farmer-based 
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disease reporting so that all cases of diseases are recorded and investigated. Hence, to 

strengthen the fish disease reporting and the surveillance mechanism, a mobile application 

(App) named “ReportFishDisease” (RFD) has been developed by ICAR-NBFGR, Lucknow. 

This App was launched by Hon'ble Union Minister for Fisheries, Animal Husbandry and 

Dairying, Government of India in June 2023.  

 

Utility of RFD App in Disease Diagnosis 

It is important to mention that the information entered by the farmers in the RFD App 

may help in presumptive (level I) diagnosis in some cases. It is to mention that the Food and 

Agriculture Organization of the United Nations (FAO) and Network of Aquaculture Centres in 

Asia Pacific (NACA) have suggested the use of three levels of disease diagnosis in aquatic 

animals, namely level I, II and III. All the three levels of diagnosis are interdependent and form 

a continuum of observations required for quick and accurate disease diagnosis. Level I 

diagnosis is made on basis of case history records and clinical examination of the diseased 

animals including morphological and behavioural abnormalities. This diagnosis made on the 

pond site is always presumptive, and is considered to be adequate for recurring endemic 

diseases. Moreover, level I diagnosis also forms the basis for undertaking level II or level III 

tests to reach confirmatory diagnosis. The level II diagnostics include parasitology, 

bacteriology, mycology and histopathology whereas level III diagnostics encompass 

techniques targeted at specific pathogens including electron microscopy, molecular and 

serological techniques, and virology. The level II and II diagnosis is undertaken in the 

laboratory using sophisticated equipment. 

 

Functionality of RFD App 

The specialty of RFD App is that farmers can get connected directly to the field-level 

fisheries officers and fish health experts to address the problem of aquatic animal diseases on 

their farms. To exchange the information among these persons, dedicated panels/dashboard 

have been created in the App (Figure 1): (i) Farmer Dashboard, (ii) Admin Panel for State 

Fisheries Departments (SFDs) and NSPAAD Collaborating Centre, and (iii) Coordinating 

Institute Panel. The Farmer Dashboard is available on Google Play Store whereas Panels for 

SFDs and NSPAAD Collaborating Centres have been shared with nodal/co-nodal officers of 

SFDs responsible for implementation of NSPAAD in each state as well as NSPAAD 

Collaborating Centres. 
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Figure 1: Dashboards and different panels in RFD App 

Features of RFD App 

Some of the important features of the RFD App are as under: 

 Android-based mobile app available on Google Play store for easily downloads 

 App available in regional languages 

 Automatic GPS-enabled tagging of the farms 

 User friendly interface – Most of the details to be filled are given as check boxes. 

 Data protection is encrypted in the app 

 Separate forms for reporting diseases affecting finfish, shrimps and molluscs 

 Information about important diseases  

 Different levels of ‘Admin’ for efficient functioning 

 Provides a link to important National/International Organizations in fisheries sector.  

 Tracking of disease case submitted by the farmer and response mechanism  

How to use the RFD App 

 Firstly, RFD App to be downloaded in android based mobile from Google Play Store 

 First time users have to register while existing users can log in directly using OTP. 

 To report disease of aquatic animals i.e. finfish, shrimp and molluscs, clicking on the 

respective tab will open the form (Figure 2, 3, 4) in which the fields marked with red 

asterisk are mandatory while other fields are optional.  
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 After opening the form, the farmer has to enter the registered mobile number and name. 

Thereafter, the GPS coordinates of the pond along with the name of the city, district 

and state will be entered automatically or this information can be entered or corrected 

manually. Thereafter, clicking on the ‘Proceed’ tab will open the next page.  

 Subsequently, the farmer can enter information about the Fish Farming System, Area 

of the Affected Farming System, Affected Species, Water Quality Parameters and 

Clinical Signs and Gross Lesions. Under the ‘Fish Farming System’, information about 

the aquaculture system, type of fish farming, species reared and the number and size of 

fish can be entered. Within the area of the affected farming system, the farmer has to 

enter the length, width, and water depth of the pond in feet, which will automatically 

show the water-spread area in acres and hectares. Under the ‘Affected Species’ option, 

the farmer has to enter information about the estimated number of affected fish, size, 

date of onset of problem and mortality rate (if any). Fields under ‘Water Quality 

Parameters’ and ‘Clinical Signs and Gross Lesions’ heads are optional. Under the 

‘Clinical Signs and Gross Lesions’ head, farmer can record information about 

behavioural and morphological abnormalities in the diseased aquatic animals. 

Importantly, the fish farmer can also upload photographs and videos of the diseased 

aquatic animal as well as farming system. Furthermore, there is an option to enter ‘Any 

Other Information’ considered important by the farmer. Finally, the farmer can submit 

the disease form and track the status of the reported cases. 

 

Figure 2: Form for reporting finfish disease 
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Figure 3: Form for reporting shrimp disease 

 

Figure 4: Form for reporting mollusc disease 

Once the farmer submits the information regarding the disease case affecting 

fish/shrimp/molluscs using the app, the information regarding the disease, namely the case 

history and appropriate photographs, is available in a pdf file with the nodal/co-nodal officers 

of State Fisheries Departments. The above information can be helpful in making level I 

diagnosis and also suggest management measures. Besides, the officers can contact the farmers 

and seek more information about the disease. In disease cases deemed to be important, the 

nodal/co-nodal officers can depute block level extension officers to visit the affected pond, and 

check water quality parameters and husbandry practices and suggest management measures. 

Furthermore, if the block level extension officers feel that the disease case is important and 

further investigation is required, then they can collect and share samples of disease case with 
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NSPAAD Collaborating Centre or the disease case can be reassigned to NSPAAD 

Collaborating Centre using the RFD App.  

Overall, the Coordinating Institute i.e. ICAR-National Bureau of Fish Genetic 

Resources, Lucknow can monitor all the new cases, in-process cases and resolved cases. This 

can ensure that timely action is taken by concerned State Fisheries Departments or NSPAAD 

Collaborating Centres. Moreover, the disease information is available on temporal and 

geospatial scale, and is also a source of syndromic surveillance and help identify abnormal 

patterns that need to be followed for disease investigation. 

Notably, many disease cases in aquaculture go unreported due to unavailability of the 

field-level disease reporting mechanism. For this reason, it becomes very important to develop 

a medium that can enable monitoring of diseases in farmers' pond so that the economic losses 

caused by diseases can be reduced. Therefore, it is anticipated that the availability of RFD app 

will help in improving farmer-based reporting, getting scientific advice and reducing losses 

due to diseases, thereby increasing farmers’ income.  

 

References: 

1. He, P., Hu, G., Wang, C., Hewage, K., Sadiq, R., Feng, H. 2021. Analyzing present and 

future availability of critical high-tech minerals in waste cellphones: A case study of 

India. Waste Management 119, 275–284. 

2. Sivakumar, S., Bijoshkumar, G., Rajasekharan, A., Panicker, V., Paramasivam, S., 

Manivasagam, V.S., Manalil, S. 2022. Evaluating the Expediency of Smartphone 

Applications for Indian Farmers and Other Stakeholders. AgriEngineering 4, 656–673. 

3. Shinn, A.P., Pratoomyot, J., Bron, J.E., Paladini, G., Brooker, E.E., & Brooker, A.J. 

2015. Economic impacts of aquatic parasites on global finfish production. Global 

Aquaculture Advocate 5, 82–84. 

4. Patil, P.K., Geetha, R., Ravisankar, T., Avunje, S., Solanki, H.G., Abraham, T.J., 

Vinoth, S.P., Jithendran, K.P., Alavandi, S.V., Vijayan, K.K. 2021. Economic loss due 

to diseases in Indian shrimp farming with special reference to Enterocytozoon 

hepatopenaei (EHP) and white spot syndrome virus (WSSV). Aquaculture, 533, 

736231. 

5. Subasinghe, R., Alday-Sanz, V., Bondad-Reantaso, M.G., Jie, H., Shinn, A.P., 

Sorgeloos, P. 2023. Biosecurity: Reducing the burden of disease. Journal of World 

Aquaculture Society 54, 397–426. 

 

 

 

 

 



 29 

Chapter-3 

IoT Based Fish Growth Monitoring 

Devdulal Ghosh 

Joint Director 

C-DAC, Kolkata 

devdulal.ghosh@cdac.in 

Introduction 

Fish growth is a fundamental aspect of aquaculture and fisheries management, directly 

influencing the productivity and sustainability of aquatic ecosystems. Understanding the 

factors and mechanisms governing fish growth is critical for optimizing production, 

conserving natural populations, and ensuring food security. This abstract provides an 

overview of key elements related to fish growth. Factors influencing fish growth include 

environmental variables (temperature, water quality, and food availability), genetic factors, 

and various physiological and metabolic processes. Monitoring these factors through 

advanced technologies, such as IoT, allows for real-time data collection and analysis, aiding 

in the optimization of fish farming practices. 

Fish growth follows a sigmoidal curve, typically characterized by stages of rapid 

juvenile growth, a transition to slower growth in adulthood, and eventually, a cessation of 

growth. Manipulating growth rates and sizes through selective breeding, nutrition, and 

management practices has significant implications for the aquaculture industry.Balancing 

growth rates with the quality of the final product is crucial. Rapid growth can lead to 

undesirable traits in fish, such as deformities and reduced disease resistance. Striking this 

balance requires careful consideration of feed formulation, feeding regimes, and 

environmental conditions.Research into fish growth's molecular and genetic underpinnings 

has provided valuable insights. Genetic markers, genomic selection, and selective breeding 

programs offer promising avenues for enhancing growth performance while mitigating 

associated challenges.In conclusion, understanding fish growth is pivotal in aquaculture 

and fisheries management. Leveraging technology and genetic insights, it is possible to 

optimize growth rates, improve feed efficiency, and contribute to the sustainable and 

responsible production of fish for both food and conservation purposes. 
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IoT (Internet of Things) 

The Internet of Things, often abbreviated as IoT, is a transformative technological 

paradigm that has rapidly reshaped the way we interact with our physical world and the 

manner in which machines and devices communicate with each other. At its core, IoT 

represents the convergence of the physical and digital realms, enabling an unprecedented 

level of connectivity, data exchange, and automation.IoT refers to a vast network of 

interconnected devices, sensors, and everyday objects that are embedded with internet 

connectivity, allowing them to collect, exchange, and analyze data autonomously. These 

devices span a wide spectrum, from smart thermostats and wearable fitness trackers to 

industrial machinery, agricultural sensors, and autonomous vehicles. The common thread 

among all IoT devices is their capacity to collect and transmit data, as well as receive 

instructions, all without the need for direct human intervention. 

The foundational principle of IoT is connectivity. Through a myriad of communication 

protocols and technologies such as Wi-Fi, Bluetooth, cellular networks, and low-power 

wide-area networks (LPWAN), IoT devices can connect to the internet, local networks, or 

other devices, thereby creating a vast web of interconnected entities. This connectivity 

empowers IoT devices to share information in real-time, facilitating remote monitoring, 

control, and analysis.The potential applications of IoT are boundless, with far-reaching 

implications for industries, economies, and our daily lives. In agriculture, IoT can optimize 

crop management through soil sensors and automated irrigation systems. In healthcare, it 

enables remote patient monitoring, enhancing healthcare delivery. In smart cities, IoT 

supports traffic management, waste disposal, and energy conservation. Additionally, in 

manufacturing and logistics, IoT streamlines production processes and enhances supply 

chain management. 

However, the rapid proliferation of IoT also presents challenges related to data security, 

privacy, and the management of a colossal volume of data generated by these 

interconnected devices. As the IoT ecosystem continues to expand, addressing these 

challenges is of paramount importance. This introduction provides a glimpse into the 

world of IoT, a technological revolution that is fundamentally altering the way we live, 

work, and interact with the environment. The potential for innovation and transformation 
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through IoT is vast, making it an area of constant growth and exploration for businesses, 

governments, and individuals worldwide. As we delve deeper into the IoT landscape, we 

uncover its vast possibilities, implications, and the evolving role it plays in shaping our 

connected future. 

How to monitor fish growth using sensors 

Sensors play a crucial role in fish growth monitoring by providing real-time data on various 

environmental and physiological parameters. These sensors enable fish farmers, 

researchers, and aquaculture professionals to track and optimise the growth and health of 

fish populations.  

1. Water Quality Monitoring: Sensors that measure parameters such as temperature, 

dissolved oxygen, pH levels, ammonia, nitrate, and salinity are essential for 

ensuring optimal water quality in fish tanks or ponds. Proper water quality is vital 

for fish health and growth. 

2. Feeding Management: Sensors can be used to monitor feeding behavior and food 

consumption. For example, underwater cameras and acoustic sensors can help 

assess how much and how frequently fish are feeding. This data allows for 

adjustments in feeding schedules and quantities to optimize growth. 

3. Growth Tracking: RFID (Radio-Frequency Identification) tags and microchips 

implanted in fish can be used to track individual fish growth. Sensors scan these 

tags, and growth data, including size and weight, are recorded and monitored over 

time. 

4. Fish Health Monitoring: Sensors can be used to detect early signs of disease or 

stress in fish. For instance, specific sensors can measure fish cortisol levels, which 

can indicate stress. Early detection allows for prompt intervention to prevent health 

issues that could hinder growth. 

5. Light and Photoperiod Control: Light intensity and photoperiod (daylight 

duration) can affect fish growth. Light sensors can help maintain consistent light 

levels in aquaculture systems, ensuring that fish receive the appropriate amount of 

light for growth. 

6. Monitoring Oxygen Levels: Oxygen sensors can help ensure that oxygen levels in 

water remain within the optimal range. Low oxygen levels can impede fish growth 

and even lead to fish mortality. 
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7. Environmental Data Collection: Sensors that record data on parameters like water 

flow, turbidity, and sunlight exposure help fish farmers understand the conditions 

in which fish are growing and make necessary adjustments for optimal growth. 

8. Remote Monitoring: IoT-based systems can transmit sensor data to a central 

database or the cloud, allowing fish farmers to monitor fish growth and 

environmental conditions remotely. This is particularly useful for large-scale 

aquaculture operations. 

9. Alarm Systems: Sensors can trigger alarms or notifications when certain 

parameters deviate from acceptable ranges. For example, if water temperature falls 

outside a safe range, an alarm can be sent to alert the operator. 

10. Data Analysis and Trend Prediction: Sensor data can be analysed to identify 

trends and patterns that can inform fish farm management practices, such as 

optimising feeding schedules and predicting growth rates. 

Aquaculture professionals can make data-driven decisions by utilising sensors in fish 

growth monitoring to create optimal conditions for fish health and growth.  

Sensors’ generated data analysis techniques  

Analysing sensor-generated data for fish growth involves processing and interpreting the 

information collected from various sensors. Data analysis techniques are essential for 

extracting meaningful insights, tracking growth patterns, and optimizing fish farming 

practices. Here are some data analysis techniques commonly used for fish growth 

monitoring with sensor data: 

1. Descriptive Statistics: 

o Use basic statistical measures such as mean, median, and standard deviation 

to describe the central tendencies and variability in the data. 

o Examine statistical summaries of key parameters, such as water 

temperature, dissolved oxygen, and pH levels over time. 

2. Time Series Analysis: 

o Analyze temporal data to identify trends and seasonality in environmental 

parameters. 

o Use methods like moving averages, exponential smoothing, and 

autocorrelation to reveal patterns and cycles in sensor-generated data. 
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3. Regression Analysis: 

o Perform regression analysis to understand the relationships between 

environmental factors and fish growth. 

o Linear regression can help determine how changes in parameters like water 

temperature or food availability affect fish size and weight. 

4. Multivariate Analysis: 

o Employ multivariate techniques like principal component analysis (PCA) or 

factor analysis to reduce dimensionality and extract meaningful information 

from multiple sensor variables. 

o Identify hidden patterns or correlations between different environmental 

factors and fish growth. 

5. Data Visualization: 

o Create graphical representations, such as line plots, scatter plots, and 

heatmaps, to visualize sensor data and identify patterns or anomalies. 

o Visualize the growth trajectory of individual fish or fish populations over 

time. 

6. Machine Learning and Predictive Modeling: 

o Utilize machine learning algorithms for predictive modeling. Algorithms 

like decision trees, random forests, and neural networks can help predict fish 

growth based on historical sensor data. 

o Consider time series forecasting techniques, such as ARIMA 

(AutoRegressive Integrated Moving Average) or LSTM (Long Short-Term 

Memory) networks, to predict future fish growth. 

7. Clustering and Classification: 

o Apply clustering algorithms like k-means to group fish with similar growth 

patterns or environmental responses. 

o Use classification algorithms to categorize fish into different growth stages 

or conditions based on sensor data. 

8. Data Preprocessing: 

o Address missing data and outliers by imputing missing values or removing 

extreme data points. 
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o Normalize or standardize data to ensure that variables are on a consistent 

scale for analysis. 

9. Threshold-Based Alerts: 

o Set threshold values for environmental parameters that, when crossed, 

trigger alerts or notifications. For example, if water temperature falls below 

a certain threshold, it may impact fish growth, and an alert can be generated. 

10. Statistical Process Control: 

o Implement statistical process control techniques to monitor and manage the 

quality and consistency of environmental conditions over time. 

o Identify abnormal conditions that might hinder fish growth. 

11. Geospatial Analysis: 

o Combine sensor data with geographic information systems (GIS) to analyze 

how location-specific factors, like water source or geography, impact fish 

growth. 

12. Data Mining: 

o Use data mining techniques to uncover hidden insights in large datasets and 

discover associations or patterns that might not be evident through 

traditional methods. 

Effective data analysis of sensor-generated data for fish growth monitoring can lead to 

improved management practices, higher fish production, and a more sustainable and 

efficient aquaculture operation. It is essential to select the most suitable techniques based 

on the specific goals of the monitoring system and the nature of the sensor data being 

collected. 

A Case Study- Monitoring and controlling (Dissolved oxygen) the environmental 

parameter 

 System Description 

A set of DO and temperature sensors, ph, conductivity, dissolve amonia, and turbidity 

sensors are mounted at a fixed location in each cage. The sensors are connected to the 

enclosed cabinet using coaxial cables. The enclosed cabinet is equipped with the 

necessary signal conditioning PCB and a microcontroller/single-board computer. A 

UPS is used to power the system with a continuous electrical power supply. Provision 

are made to power the system using a rechargeable battery for an uninterrupted power 
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supply to the device. Sensor-generated are stored/transferred to the centralised server 

PC/ Cloud through the internet. The device is mounted beside/inside the cage. One 

mobile/PC-based application has been developed to monitor water quality parameters. 

The device is able to alarm annunciation to alert the user regarding the water quality. 

Based on the quality of the water, necessary steps may be taken to control the aeration 

system through an automated system. One mobile application has been develop for 

dissemination of early warning system in case of abrupt decrease in DO level and water 

temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Over-feeding fish results in waste and environmental contamination, whereas under-

feeding fish results in growth loss. Farmers that run many farms and other enterprises 

may need more time for regular fish feeding. Fish feeding machines, commonly 

referred to as fish feeders, were created because the manual feeding of fish needed to 
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be improved for efficient fish rearing. These devices offer improved metering and 

dispensing of feeds. Fish feeders are helpful in guaranteeing a proper feeding schedule 

in a fish farm. They help with cost, time, and labour reduction and can be constructed 

taking into account the pond's size, fish species, and size range. With the help of 

precisely developed AI models and IoT devices, the proposed system distributes a set 

amount of food at set intervals for the optimum growth of the fish.   

Impact of the proposed system  

 Reduced feed use & wastage. 

 Low cost of fish production. 

 Least environmental effect. 

 Reduced mortality. 

 Reduced labour. 

Conclusion 

 

Water quality parameters, such as temperature, pH, salinity, dissolved oxygen (DO), 

and turbidity, are measured using corresponding sensors from various fish 

tanks/raceways. The data from the sensors are processed and sent to the cloud servers 

via 4G/WiFi. The built-in wireless module of the Water Quality Indexing system may 

be utilised and connected to the user’s mobile device or to the cloud to receive and act 

on the info received. One aeration tank is connected with the device to automatically 

ON/OFF to maintain the fixed dissolved oxygen level. Zit reduced the morality rate of 

the fish due to less dissolved oxygen. 
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Abstract: 

The subject of fish clustering and classification (FCC) has been extensively investigated in the 

fields of image segmentation, pattern recognition, and information retrieval. The application of 

this concept has been observed across numerous disciplines, including the field of target 

marketing. In the meanwhile, it is incumbent upon governments to uphold the preservation of 

fish stocks and the equilibrium among many stakeholders, such as the ecosystem, commercial 

sector, agricultural industry, marine scientists, and fish processing facilities, including nutrition 

and canning factories. The performance of different feature classification strategies is evaluated 

based on the presence of preprocessing and feature extraction methods, the quantity of 

extracted features, the accuracy of classification, and the number of recognised fish 

families/species. The present investigation additionally examined the utilisation of database, 

specifically StockFish, which is available on the Kaggle platform. This research aims to 

enhance the comprehension of preprocessing methods, features extraction techniques, and 

classifiers by gathering information from recent studies. The objective is to identify the 

characteristics of these methods and techniques, and to provide guidance for future research 

endeavours while addressing any existing gaps in the current body of knowledge. 

 

Introduction: 

The classification of fish serves multiple uses, with one notable application being the 

identification of distinct fish species. Accurate classification of fish is advantageous for the 

investigation of species diversity. In addition to this, the aggregation of fish is also 

advantageous for studying the behaviour and interspecies cooperation of fish in a typical 

ecological setting. The categorization of fish species from photographs is a prominent study 

area within the fields of Deep learning and CV. It presents a multi-class identification problem 

that has garnered significant interest. Automated fish categorization holds significant 

importance in the field of fisheries research due to its ability to facilitate the systematic 
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inspection of fish species activities, including behaviours related to pond dynamics, eating 

patterns, and disease prevalence. 

Based on a comprehensive review of the literature (Alsmadi et al., 2010a, 2011a, 2010b, 

2011b, 2012; Badawi and Alsmadi, 2014; İşçįMEN et al. Hnin and Lynn, 2016;2017; Ali-

Gombe et al., 2017; Ogunlana et al., 2015), it is evident that no previous study has been 

conducted to examine the preprocessing methods, features extraction methods, classification 

algorithms, and datasets utilised for FC. This article provides an overview of various 

preprocessing techniques, feature extraction approaches, classifier algorithms, and datasets 

utilised for functional connectivity analysis. This work holds significance and potential benefits 

for the agriculture sector as well as marine scientists, as it can be employed to explore the realm 

of marine ecosystems. Consequently, this will facilitate fisheries biologists in the collection 

and analysis of their data. Furthermore, this study holds significant importance and potential 

benefits for the industrial sector of fisheries, particularly in the areas of nutrition and canning. 

The findings of this research can be utilised to effectively categorise various fish species into 

distinct groups, namely dangerous and non-dangerous families. Moreover, within the 

dangerous fish families, further classification can be achieved by distinguishing between 

predatory and poison fish families. Similarly, within the non-dangerous fish families, 

classification can be done to identify garden and food fish families. 

 

Literature survey: 

These papers explore different techniques for fish clustering and classification. Rodrigues 

(2013) proposes five schemes for automatic fish species classification based on image sample 

analysis, combining feature extraction techniques, data clustering algorithms, and input 

classifiers. Alsmadi (2009) presents a methodology that combines robust feature selection, 

image segmentation, and geometrical parameter techniques using Artificial Neural Network 

and Decision Tree for fish classification. Varalakshmi (2019) focuses on fish recognition using 

deep learning techniques, specifically Convolutional Neural Networks, to improve accuracy in 

classifying and localizing fish images. Dewan (2022) discusses the challenges of fish detection 

and classification and proposes the use of techniques like K-Nearest Neighbour and Support 

Vector Machine for fish species identification. Overall, these papers provide various 

approaches and methodologies for fish clustering and classification, utilizing techniques such 

as feature extraction, image segmentation, geometrical parameters, and deep learning 

algorithms. 
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In their study, Lee et al. (2003) employed the utilisation of crucial landmark points through the 

application of Curvature Function (CF) analysis on the fish contour. This methodology allowed 

for the extraction of shape parameters, specifically Adipose-fin length and Anal-fin length, 

which were then utilised to facilitate the automated identification of fish species. The 

aforementioned methods achieved a high level of accuracy in classification. 

Dataset: 

The first 270 photos of five fish species often found in the Indian Sub-continent, specifically 

Catla (Thala), Hypophthalmichthys molitrix (Silver carp), Labeo rohita (Rohu), Cirrhinus 

mrigala (Mori), Cyprinus carpio (Common carp), were obtained from reference [17]. 

Subsequently, the photos underwent a resizing process to achieve dimensions of 640x640 

pixels. Several Data Augmentation approaches were utilised to address the issue of class 

imbalance and achieve a balanced distribution of approximately 200 photos in each of the five 

classes. A collection including 1033 pictures was ultimately generated. 

Subsequently, all the photos underwent annotation by bounding box annotation in the Pascal 

VOC format, so generating the object detection Dataset. The dataset was subsequently divided 

into three subsets: 70% for training, 20% for validation, and 10% for testing. 

 

 

Table 1 provides a comprehensive overview of the distinct properties of several fish 

attributes in the StockFish dataset. 

 

Distinct 

Properties 

Catla 

(Thala) 

Hypophthalmichthys 

molitrix (Silver 

carp) 

Labeo 

rohita (Rohu) 

Cyprinus 

carpio (Common 

carp) 

Cirrhinus 

mrigala 

(Mori) 

The 

cranial 

area 

The mouth 

exhibits an 

upward 

curvature. 

The head 

possesses a 

wide breadth. 

The snout 

exhibits a 

rounded 

shape with a 

blunt 

appearance. 

The upper lip 

is 

characterised 

by its slender 

The oral cavity 

exhibits a broad and 

slightly superior 

anatomical 

structure. 

The head has 

significant size and 

breadth. 

 

The snout has a 

truncated and blunt 

morphology. 
 

The oral 

cavity is a 

terminal 

structure. 

 

The shape of 

the head is 

characterised 

by equilateral 

proportions. 

The snout has 

a state of 

depression 

and extends 

beyond the 

jawline. 

The mouth is big 

and crooked. 

It has a long, 

snub nose. 

The lips possess 

a substantial 

thickness and are 

characterised by 

the presence of a 

singular pair of 

barbles located 

on the top lip. 

 
 

The mouth 

is looking 

like a 

subpar 

organ. 

 

This head 

is shaped 

like an 

isosceles 

triangle. 

 

It has a 

blunt 

nose. 

 

The upper 

lip does 
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shape and is 

enveloped by 

the dermal 

tissue of the 

nose. The 

lower lip has 

a modest 

degree of 

thickness. 

 
 

Fringes and a 

crease form 

on the lower 

lip. Extending 

the top lip 

such that it 

completely 

hides the 

bottom. 

 
 

not merge 

into the 

lower lip 

at any 

point. 

Outline of 

a Body 

Condensed in 

length and 

depth, with 

slight medial 

compression 

The Fish exhibits a 

profound degree of 

compression in both 

the vertical and 

horizontal 

dimensions. 

The shape of 

the fish in 

question is 

spindle-

shaped. 

It exhibits an 

elongated form, 

with lateral 

compression and 

a curved dorsal 

surface. 

stretched 

out, 

slender, 

or 

squished 

laterally 

Colour The back and 

sides are 

grey, while 

the belly is 

white. 

The dorsal region of 

the organism 

exhibits a greenish 

hue, while the 

ventral region 

displays a silvery 

appearance. 

The dorsal 

side of the 

object 

exhibits a 

blackish hue, 

while the 

ventro-lateral 

sides display 

a silvery 

appearance. 

The coloration of 

the organism is 

characterised by 

a silvery grey hue 

on its dorsal 

surface, while its 

ventral region 

has a yellowish 

tone. 

Silvery 

above and 

below, 

with a 

greyish or 

greenish 

back 

Fins Between 18 

and 19 rays 

can be found 

on the dorsal 

fin. In the 

case of the 

anal fin, 

there are 8. 

The dorsal fin is 

composed of eight 

rays. The anal fin is 

comprised of a total 

of twelve rays. The 

caudal fin is 

composed of 21-22 

rays. 

The dorsal fin 

is 

characterised 

by the 

presence of 

12 to 13 fin 

rays. The 

pectoral fin is 

composed of 

a total of 17 

rays. The 

pelvic fin is 

composed of 

nine rays. The 

anal fin is 

composed of 

seven rays. 

The caudal 

fin is 

composed of 

19 rays. 

The dorsal fin of 

this particular 

species exhibits a 

range of 18 to 22 

soft rays. The 

pectoral fin is 

characterised by 

the presence of 

14-18 soft rays. 

The pelvic fin is 

comprised of 8 or 

9 soft rays. The 

anal fin often 

exhibits a range 

of 4 to 6 soft 

rays. The caudal 

fin is comprised 

of a total of 19 

soft rays. 

There are 

12–13 

rays on 

the dorsal 

fin. 
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Table 1: The manual determination of morphological traits of various fish species was 

conducted using the StockFish dataset. 

Thala Silver carp Rohu Common Carp Mori 

   
  

                                Translucent background headshots of Five distinct fish species. 

 

Thala Silver carp Rohu Common 

Carp 

Mori 

     
 

    Five species of fish are shown by translucent backdrop photos of their bodies shot at 

one angle. 

 

Deep Learning Methods Comparison Results: 

Methods  Acc(Top1) Acc(Top5) Precision Recall F1-score 
VAN[20] 74.67 94.72 73.78 72.78 72.78 

DenseNet121 [19] 76.98 95.63 75.91 76.09 75.47 

VGG19 [21] 78.08 95.98 78.42 76.81 76.86 

ConvMixer [22] 86.52 98.02 85.62 85.84 85.63 

Fish-TViT[23] 94.33 99.37 93.75 93.98 93.85 

ResNet50 [18] 92.13 99.09 91.58 91.86 91.70 

CNN-SENet 99.25 95.86 97.35 96.67 99.27 

TF Res50+ResMLP 100 100 98.01 97.34 99.99 

 
 

 

 

TF Res50+ResMLP Model: 

 

Classification Report: 

---------------------- 

               precision    recall  f1-score   support 

 

       Catla     1.0000    1.0000    1.0000        22 

  CommonCarp     1.0000    1.0000    1.0000        19 

        Mori     1.0000    1.0000    1.0000        16 

        Rohu     1.0000    1.0000    1.0000        19 

  SilverCarp     1.0000    1.0000    1.0000        27 

 

    accuracy                         1.0000       103 
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   macro avg     1.0000    1.0000    1.0000       103 

weighted avg     1.0000    1.0000    1.0000       103 

 

 
there were 0 errors in 103 tests for an accuracy of 100.00 
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1. INTRODUCTION: 

Aquaculture is the farming of aquatic organisms including fish, molluscs, aquatic plants 

and other aquatic organisms. Aquaculture, often referred to as "aquafarming," represents a 

dynamic approach to cultivating aquatic life in controlled environments, ranging from 

freshwater ponds and tanks to open-ocean enclosures. Objectives of aquaculture are as follows: 

• Production of protein rich, nutritive easily digestible human food 

• Profit in aquaculture 

• Land and aquatic resource utilization 

• Recycling of organic waste and usage in pharmaceutical industry 

2. CHALLENGES IN AQUACULTURE 

As the global demand for seafood continues to surge, traditional aquafarming methods are 

faced with mounting challenges, ranging from 

• Water quality management,  

• Disease outbreaks 

• Optimizing feeding schedules 

• Minimizing environmental impact etc 

3. DIGITAL AQUACULTURE 

Digital aquaculture is the use of new and advanced technologies, integrated into one 

system, to enable the farmers and other stake holders within the aquaculture value chain, 

mailto:mohammadtanveer@tnfu.ac.in
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 to improve food production. 

 

Artificial Intelligence (AI) refers to the simulation of human intelligence in machines that 

are programmed to think and learn like humans. It is a broad field of computer science that 

aims to create systems and algorithms capable of performing tasks that typically require human 

intelligence. These tasks include but are not limited to: 

 Problem Solving: AI can solve complex problems and make decisions based on 

available data. 

 Machine Learning: AI systems can learn from data and improve their performance over 

time without being explicitly programmed. This includes techniques like deep learning, 

reinforcement learning, and supervised learning. 

 Natural Language Processing: AI can understand, interpret, and generate human 

language. This is used in chatbots, language translation, and speech recognition. 

 Computer Vision: AI can interpret and make sense of visual information from the 

world, which is used in applications like image and video analysis, facial recognition, and 

autonomous vehicles. 

 Robotics: AI powers robots to perform tasks autonomously, from industrial automation 

to surgical procedures. 

 Expert Systems: AI can encapsulate the knowledge and decision-making capabilities of 

human experts in a specific domain, making it available for others to use. 

4. ROLE OF AI IN AQUACULTURE 

Artificial Intelligence (AI) has the potential to revolutionize aqua farming practices by 

improving efficiency, sustainability, and the overall health of aquatic environments. Here are 

some AI-based aqua products and applications for smart aqua farming: 

(i) Aquatic Monitoring and Control Systems: 

AI-powered underwater cameras and sensors can monitor water quality, temperature, pH 

levels, and the health of aquatic organisms.AI algorithms can analyze data in real-time and 
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make adjustments to environmental conditions, such as regulating oxygen levels, water flow, 

and lighting. 

(ii) Feeding Optimization: 

AI systems can analyze the feeding habits and nutritional needs of aquatic species. Smart 

feeding machines equipped with AI can dispense food based on real-time data, reducing waste 

and optimizing growth rates. 

(iii) Disease Detection: 

AI can be used to detect early signs of disease in fish and other aquatic organisms by 

analyzing their behavior, appearance, and vital signs. Automated monitoring systems can 

quarantine affected individuals and notify farmers of potential outbreaks. 

(iv)Water Quality Management: 

AI algorithms can predict and manage water quality issues, such as algae blooms or 

bacterial contamination, by analyzing historical data and environmental factors. Automated 

water treatment systems can adjust chemical levels to maintain optimal conditions. 

(v) Inventory Management: 

AI-based computer vision can be used to count and monitor the size and health of aquatic 

populations. This helps farmers track inventory, optimize stocking densities, and plan for 

harvests. 

(vi) Predictive Analytics: 

AI can analyze historical data to predict environmental changes, crop growth rates, and 

market demand. Farmers can make informed decisions about when to harvest, restock, or adjust 

production. 

(vii) Energy Efficiency: 

AI can optimize the use of energy-intensive equipment such as pumps and aerators.Smart 

systems can turn devices on and off based on real-time energy costs and demand. 

(viii) Environmental Impact Assessment: 

AI can help aqua farmers assess the environmental impact of their operations, including 

factors like water usage and waste disposal. This data can be used to make adjustments to 

reduce the farm's ecological footprint. 

(ix) Market Forecasting: 

AI can analyze market trends and demand patterns, helping aqua farmers make informed 

decisions about production and pricing. 
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(x) Robotics: 

AI-powered underwater robots can perform tasks like cleaning tanks, monitoring 

equipment, and even assisting with harvesting. 

(xi) Data Analytics and Decision Support: 

AI can process vast amounts of data to provide actionable insights to farmers, helping them 

make better decisions about resource allocation and farm management. 

(xii) Supply Chain Optimization: 

AI can optimize the logistics of transporting and distributing aqua products to market, 

reducing costs and environmental impact. 

5. AI BASEDAQUA PRODUCTS 

i) Smart DO 

Smart DO is a web application to predict Dissolved oxygen in biofloc pond water, 

developed using the state of the art machine learning methods, and deployed in the cloud server 

to make it globally accessible. It uses existing data to establish an intelligent method to predict 

dissolved oxygen level in the pond to eliminate the dependency of conventional DO reading 

and make strategic decisions based on the predicted DO. 

ii) AquaGent - farmer friendly virtual assistant 

It is a chatbot developed using AI technique (natural processing technique) to provide all 

the information needed by aquafarmers at a single stop in an user friendly manner. This tool 

helps the aquafarmers to assist them in making informed decisions and improving farming 

operations. The chatbot can help the farmers to improve their farming knowledge and also 

gives possibility to connect with different experts at single point.  The chatbot is available in 

telegram and facebook messenger. The chatbot is designed with different services which are as 

follows, 

• Shrimp farming – knowledge base 

• Regulations at single stop 

• Learn through apps 

• Excel with experts 

• My easy calculators 

• Way to other sites 
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Smart DO web tool AquaGent chatbot 

 

iii) Automatic feeder 

Using the most advanced technology, a precise automatic feeder with intelligent controls 

lets you keep an eye on the food being fed to your fish based on weather and water quality data, 

adjusts the feed to provide shrimp the right amount of food in an intelligent way. Feeding 

schedules can be configured from smart-phone app. Using mobile based technology to 

optimally feed the shrimp reduces FCR by 30% and by reducing feed conversion ratios by over 

30 % , profit margins will only go upwards. 

Underwater acoustics-based feeding system makes feeding shrimp during optimal 

conditions, leads to better growth. Powered by AI driven device running round the clock, feed 

is delivered 24 x 7 based on shrimp appetite. When shrimp are fed on demand, better utilization 

of feed happens resulting in reduced feed wastage and better pond yield. 

  

Pond Mother, Eruvaka Shrimp talk, Eruvaka 
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Smart Automatic feeder- Conceptual approach 

 

 

(iv) Xpertcount device for seed counting 

The system that collects critical animal data by using cameras and machine learning which 

is applied to count, size and weigh animals in seconds. It clears the most challenging problem 

of counting the stocks which are very minimum in size viz., artemia, rotifer, post larvae of 

shrimp and hatchlings. Xpercount is one of the commercially available counters which uses 

popular statistical approach to find and evaluate the count easily, thereby easing the stock 

maintenance. 
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(v) Aquasat 

Aquasat uses Artificial Intelligence and Satellite remote sensing to bring transparency and 

efficiency into the aquaculture value chain. Geospatial data, powered by deep learning models, 

allows us to democratize pond boundaries, validate between fish & shrimp ponds, and predict 

the days of culture. This intelligence enable us to predict the demand for farm inputs and the 

supply of harvest produce, scaling from the individual pond level to the village, and even the 

national level. 

 

(vi) Fish Recognizy 

Fish Recognizy is a mobile application for various fish species recognition by using 

artificial intelligence (AI) since variety of fish species were difficult to identify by 

morphological characters. The approximate price, health benefits, nutritional value can also be 

accessed through the developed application, thereby buyer’s preference over less nutritional 

fish is diminished. 
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(vii) FarmMOJO 

Aquaconnect’s Farm MOJO mobile app uses machine learning technology to analyse feed 

and growth patterns with relation to animal health. The app provides insights to the farmers 

and suggests appropriate advice for better disease management. 

 

 

 

(viii) xpertSEA MAX 

It is a web platform and mobile application utilizes state of the art computer vision, 

machine learning, and artificial intelligence to the shrimp industry to take action with alerts 

when animal populations are growing unevenly or average weights are too low. It act sooner 

with accurate growth predictions that allow us to optimize our feed plan, improve survival and 

harvest planning with proactive distribution insights. 
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1.0 Introduction  

With the rapid development of the economy, more and more serious problems of environment 

arise. Water pollution is one of these problems. Research in aquaculture is an input to increase 

stabilized production[1]. In last decade various scientists have made sustained efforts that 

resulted in development of modern production technologies that have revolutionized fish farm 

production. 

 [2] The main aim of the project is to track monitoring of the fish farming system by using the 

various sensors to reduce the risks. In this processes we use sensors like pH value, temperature 

and water level sensors. By using these sensors all the work is automated and it will also be 

easy to monitor the fish farming remotely from other location. 

Fish Farming is one of the thriving areas in many countries in the world since demand for fish 

and the fish prepared food is expanding day by day. This activity has an awesome significance 

in financial improvement and food production. 

Fish farmers are relying upon manual testing for knowing the condition of the various 

parameters of the water. But this manual testing is time consuming and also gives inappropriate 

results as parameters for measuring water quality changes continuously. 

It will be better if automatic monitoring can be done somehow.  

1.1 Aquaculture 

Aquaculture is, also known as aqua farming and fish farming and is the farming 

of fish, crustaceans, mollusks, aquatic plants, algae, and other organisms. Aquaculture involves 

cultivating freshwater and saltwater populations under controlled conditions, and can be 

contrasted with commercial fishing, which is the harvesting of wild fish. 

Marin culture commonly known as marine farming refers to aquaculture practiced in marine 

environments and in underwater habitats, opposed to in freshwater. According to the Food and 

Agriculture Organization (FAO), aquaculture "is understood to mean the farming of aquatic 

organisms including fish, mollusks, crustaceans and aquatic plants.  
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Farming implies some form of intervention in the rearing process to enhance production, such 

as regular stocking, feeding, protection from predators, etc. Farming also implies individual or 

corporate ownership of the stock being cultivated. 

The figure below shows the aquaculture in detail. 

                   

                                                   Figure: Basic overview of Aquaculture 

1.2 Research work objective 

1. To implement automated fish farming using IOT technology  

2. To maintain and monitor all parameters of fish production.  

3. To collect real-time weather data, including temperature, humidity, wind speed, wind 

direction, barometric pressure and rainfall. 

 

1.3 Proposed system/Idea  

IOT technology has made it possible to carry out direct measurements of parameters in the 

field by using sensors. 

• The sensor measures the factors in terms of temperature and PH adding to this, 

it also measures, Turbidity and Water level. 

• Process on collected data using microcontrollers and electronic circuits.  

• Store this data in the database and display on webpage. 
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• The data generated by the sensors will be sent in real-time storage via the 

internet.  

• To develop mobile app to observe notification and required information. 

As we gather information about the fish farming and its development. We came across that 

there are some parameters of fish and the habitat to be maintained and monitored.  

The idea of this project basically implies on covering the main parameters such as temperature, 

pH, turbidity and water level sensor. The IOT is the main backbone of the system 

implementation.  The system is real time tracking system and data is displayed on a webpage. 

IOT technology has made it possible to carry out direct measurements of parameters in the 

field by using sensors. The sensor measures the soil fertility in terms  of temperature and PH 

Adding to this, it also measures, Turbidity and Water level. his data is stored in the database 

and display on webpage. The data generated by the sensors will be sent in real-time storage via 

the internet. Devices that can be used to read sensor values and send data to storage. 
The idea and the concept of this project is that it can be worked on large scale too.  

 

 

2.0 System Block diagram  

 
Figure: Block diagram of IOT based fish farming system 

 



 58 

Figure 2 shows  block diagram, Our system comprises the Arudino Mega 2560 board. It is the 

small board computers which consume a very low power and it is available easily in the market. 

The system is divided as an input unit, output unit and executive unit. The input unit comprises 

the input devices and the power supply. The output unit comprises the output devices that 

display all the readings. The executive unit has the parameters such as temperature, pH, 

turbidity and water level and also the elements such as LCD display and buzzer respectively 

represented. Sensors are always used to track the parameter of the environment. One can 

increase the quality of the fish production by adapting this system. 

 

2.1 Simulation using Proteus software  

 

 
Figure: Simulation using Proteus software  

 

Proteus 8 Professional is a software which can be used to draw schematics, PCB layout, code 

and even simulate the schematic. It is developed by Labcenter Electronic Ltd. 

 

2.3.0 Arduino UNO  

 
Figure: ARUINO UNO 
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Arduino UNO is a microcontroller board based on the ATmega328P. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a USB connection, 

a power jack, and a reset button. It contains everything needed to support the microcontroller; 

simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter or 

battery to get started. Arduino UNO is a low-cost, flexible, and easy-to-use programmable open-

source microcontroller board that can be integrated into a variety of electronic projects. This board can 

be interfaced with other Arduino boards, Arduino shields, Raspberry Pi boards and can control relays, 

LEDs, servos, and motors as an output. 

 

2.3.1 pH sensor:  

 

pH sensors is used to measure acidity and alkalinity or caustic of water. PH sensors numerically 

expressed in value from 0 to 14. As alkalinity increases scale increases and scale is decreases 

as acidity increases. The pH value is equal to the hydrogen-ion concentrations. 

A simple definition of pH is a quantitative measure of the acidity or basicity of aqueous or 

other liquid solutions. It can control the availability of nutrients, biological functions, microbial 

activity, and the behaviour of chemicals. 

 

 

 
Figure: PH Sensors 

Specifications of pH sensors  

 

Specifications of the pH sensor used:  

• Measurement range : 0 -14 pH  

• Temperature during use : 0 -80 ° C  

• Response time : <1 minute  
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• Accuracy of readings : up to 0.01 (with calibration)  

• Interference : <0.5 mV. 

 

 
2.3.2 Water sensor  

 

• Water sensor brick is designed for water detection, which can be widely used in sensing 

rainfall, water level, and even liquid leakage. Connecting a water sensor to an Arduino 

is a great way to detect a leak, spill, flood, rain, etc.  

 

 
 

 
Figure: Water Sensor 

 

 
2.3.3 Turbidity sensor:  

 

The turbidity sensor will helps to determine how much waste is present in the water, 

because increasing in waste or dust will affects the fish life  
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Turbidity sensors are useful pieces of equipment to measure the cloudiness or haziness 

of a sample. They are often used to measure water quality in different aquatic 

environments.  A turbidity sensor consists of a fixed light beam that passes through a 

sample to measure how much light is transmitted, and how much light is scattered via 

photodetectors. 

Specifications 

 

• Range: 0 to 200 NTU 

• Typical Resolution: 0.25 NTU 

• Accuracy: 

• ±2 NTU for readings under 25 NTU 

• ±5% of readings above 25 NTU 

• LED wavelength: 890 nm 

 
2.3.4 Temperature sensor:  

 

A temperature sensor is an electronic device that measures the temperature of its environment 

and converts the input data into electronic data to record, monitor, or signal temperature 

changes.The dead rate of fishes increases in winter because of cold water. So to prevent this 

we used temp. sensor which will senses the temp. and as per the temperature reading heater 

will turn on or off.  
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DS18B20 Temperature Sensor with Arduino  

 

The DS18B20 temperature sensor is a one-wire digital temperature sensor. This means 

that it just requires one data line (and GND) to communicate with the Arduino. It can 

be powered by an external power supply or it can derive power from the data line (called 

“parasite mode”), which eliminates the need for an external power supply. 

 

 
 

          Figure: Temperature Sensors 

 

Specifications of the DS18B20 temperature sensor: 

 

• Communicates over one-wire bus communication 

• Power supply range: 3.0V to 5.5V 

• Operating temperature range: -55ºC to +125ºC 

• Accuracy +/-0.5 ºC (between the range -10ºC to 85ºC) 

• Each DS18B20 temperature sensor has a unique 64-bit serial code. This allows you to 

wire multiple sensors to the same data wire. So, you can get temperature from multiple 

sensors using just one Arduino digital pin. 

• The DS18B20 temperature sensor is also available in waterproof version. 

 

 

https://makeradvisor.com/tools/ds18b20-temperature-sensor-2/
https://makeradvisor.com/tools/ds18b20-digital-temperature-sensor/


 63 

 

 

2.3.5. LORA module:  

 

• The LoRa Module allows you to communicate to the LoRaWAN wireless network, a 

network made for the IoT.  

• This technology makes it possible to communicate from a battery-powered device 

directly to a server, even for several years.  

• The LoRa Module uses radio frequency 868 MHz.  

Specifications:  

• LoRaWAN module CMWX1ZZABZ-078 (Murata)  

• Communication using UART and AT commands 

• SMA antenna ANT-SS900  

• Standby power consumption 2 μA 

• Operating voltage range: 1.8 to 3.6 V 

• Operating temperature range: -20 to 70 °C 

• Dimensions: 33 x 55 mm 

 
Figure: LORA module 

 

Our system is divided in to two parts that is transmitter unit and receiving unit. The transmitter 

unit comprises of the sensors and the receiving unit comprises of LCD. We use Arduino Nano, 

ESP8266 Node MCU. The Arduino Nano is a small, complete, and breadboard-friendly board 

based on the ATmega328P.It offers the same connectivity and specs of the ArduinoUno board 

in a smaller form factor. NodeMCU is an open-source Lua based firmware and development 

board specially targeted for IoT based Applications. The parameter such as temperature, pH, 

water level is monitored here. Sensors are always used to track the parameters of the 

environment. Temperature is the parameter for the process and changes happening in fish 

culture. It is the reason of the growth and development of the water living bodies and species. 

The default temperature of the fish is 25degreeC which can be varied by 2 degree C for the 

river fishes. 
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4.0 Implementation Details 

This section comprises of two subsections which are the introduction of required hardware and 

software technologies and description of the functionality of the architecture. The first is 

hardware and other is software. The hardware part comprises of the sensors like temperature, 

turbidity, pH and water level sensors. The software part comprises of the database , real time 

tracking system and a web page showing all the readings. We used Lo-ra module to remove 

the drawback of distance. The process will be real time based and the data will be update as 

per given and required. The water filtering is the main objective of our project we will try to 

filter the waste water and further use it for the agriculture process. We will create a fence which 

will be password based only for the authorized person. 

5.0 Results 
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6.0 Conclusions and Discussion  

 

The application of IoT technology in the measurement of different parameters, not only 

merely display data that is read by sensors to the user interface such as website. The sensor 

network implemented for analysis of physical parameters like turbidity and temperature 

provides an efficient scheme to measure the quality of water. This system continuously 

automatically monitors the parameters and sends data to the user. The real-time 

measurement and upload of sensor  data onto the database was achieved. A software system 

successfully displayed the parameters like PH, Turbidity, temperature, etc.Our project can 

be used to to keep- a regular check on the parameters affecting the marine life. This system 

continuously automatically monitors the parameters and sends data to the user. The real-

time measurement and upload of sensor data onto the database was achieved. A software 

system successfully displayed the parameters like PH, Turbidity, temperature, etc 
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Introduction 

Aquaculture, the farming of aquatic organisms, has played a crucial role in meeting the 

increasing global demand for seafood. As the industry continues to grow, so does the need for 

innovative technologies to enhance efficiency, sustainability, and environmental stewardship. 

One such promising frontier is the integration of artificial intelligence (AI) and satellite sensing 

into aquaculture practices. This convergence holds the potential to revolutionize the industry, 

addressing challenges and opening new avenues for sustainable development. 

AI in Aquaculture: Optimizing Operations 

Artificial intelligence brings a wealth of possibilities to aquaculture, aiding in various aspects 

of farm management. Machine learning algorithms can analyze vast datasets, offering insights 

into water quality, temperature, and feeding patterns. Predictive models can optimize feeding 

schedules, reducing waste and enhancing the overall health of aquatic populations. 

By leveraging computer vision, AI systems can monitor the condition of fish, detect diseases 

early, and provide precise counts of stock. This not only enhances the efficiency of monitoring 

but also minimizes the need for human intervention, making operations more cost-effective 

and less labor-intensive.Moreover, AI-driven predictive analytics can help farmers anticipate 

changes in environmental conditions, allowing for proactive measures to be taken to mitigate 

risks such as disease outbreaks or adverse weather events. 

Satellite Sensing: A Bird's Eye View of Aquaculture 

Satellite technology provides a unique perspective by offering a comprehensive view of 

aquaculture farms from above. This bird's eye view is invaluable for monitoring large-scale 

operations and gaining insights into environmental factors affecting aquaculture systems. 

Satellites equipped with remote sensing capabilities can assess parameters like sea surface 

temperature, chlorophyll concentration, and ocean currents. This information is crucial for 

understanding the impact of environmental changes on aquaculture, helping farmers make 

informed decisions to optimize production and minimize environmental risks. 
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Satellite data is also instrumental in identifying suitable locations for aquaculture farms, 

considering factors like water quality, temperature, and proximity to markets. This aids in the 

sustainable expansion of aquaculture operations, minimizing the ecological footprint of the 

industry. 

The Synergy of AI and Satellite Sensing 

The true potential lies in the synergy between AI and satellite sensing in aquaculture. By 

integrating data from satellites with AI algorithms, a dynamic and responsive system can be 

created. For instance, real-time satellite data on sea surface temperature can be used by AI 

models to predict optimal feeding times or to anticipate the onset of harmful algal blooms. 

This integration also enhances the ability to monitor and manage aquaculture farms over large 

geographic areas. Governments and regulatory bodies can use this technology to enforce 

sustainable practices and ensure compliance with environmental regulations. 

Procedure and Process of Merging AI and Satellite Sensing with Aquaculture 

1. Data Collection: 

o Satellite Data Gathering: Satellites equipped with remote sensing instruments 

capture data related to sea surface temperature, chlorophyll concentration, 

ocean currents, and other relevant environmental factors. This data provides a 

comprehensive overview of the aquatic ecosystem. 

o On-Farm Sensors: Aquaculture farms deploy various sensors, including water 

quality sensors, underwater cameras, and sensors for monitoring fish behavior. 

These sensors generate real-time data about conditions within the farm, such as 

temperature, dissolved oxygen levels, and the health of aquatic organisms. 

2. Data Integration: 

o Data Fusion: Integrating data from satellites and on-farm sensors is a critical 

step. AI algorithms work to fuse this diverse dataset, creating a comprehensive 

and cohesive picture of the aquaculture environment. 

o Data Standardization: Ensuring that data from different sources follows 

standardized formats and protocols is essential for seamless integration. This 

step facilitates consistent analysis and interpretation of information. 

3. Artificial Intelligence Algorithms: 

o Machine Learning Models: AI algorithms, particularly machine learning 

models, are trained on historical data to recognize patterns and make 

predictions. In aquaculture, these models can predict optimal feeding times, 

detect early signs of diseases, and optimize farm management practices. 
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o Computer Vision: Computer vision technology analyzes images and videos 

from on-farm cameras to monitor the health and behavior of fish. It can identify 

abnormalities, track growth rates, and detect diseases through visual cues. 

4. Predictive Analytics: 

o Environmental Predictions: AI models use historical and real-time data to 

predict changes in environmental conditions. For example, they can forecast the 

onset of harmful algal blooms or anticipate shifts in water temperature. These 

predictions enable farmers to take proactive measures to protect their stock. 

o Feeding Optimization: By analyzing feeding patterns, water quality, and fish 

behavior, AI can optimize feeding schedules and quantities. This minimizes 

waste, ensures efficient resource utilization, and promotes healthier aquatic 

populations. 

5. Disease Detection and Management: 

o Early Warning Systems: AI-powered image recognition systems continuously 

analyze images of fish for signs of diseases. Early detection allows for timely 

intervention, reducing the spread of diseases and minimizing the need for 

antibiotics. 

o Integration with Satellite Data: Satellite data contributes to disease 

management by providing a broader perspective on the potential spread of 

diseases. This integration enhances the capacity to address diseases at a regional 

and even global scale. 

6. Site Selection and Management: 

o Historical Satellite Analysis: AI algorithms analyze historical satellite data to 

identify suitable locations for aquaculture farms. This includes considering 

factors such as water quality, temperature, and proximity to markets. 

o Real-time Monitoring: Once a site is operational, continuous satellite 

monitoring helps manage the farm's impact on the environment. Any deviations 

from optimal conditions are detected promptly, allowing for adaptive 

management strategies. 

 

7. Regulatory Compliance: 

o Continuous Monitoring: The integration of AI and satellite sensing enables 

continuous monitoring of aquaculture practices. This ensures compliance with 

environmental regulations and sustainability standards. 
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o Automated Reporting: AI systems can automate the reporting of key 

performance indicators and environmental impact assessments. This facilitates 

transparent communication between aquaculture operators and regulatory 

authorities. 

8. Feedback Loop and Continuous Improvement: 

o Adaptive Management: The insights generated by AI models and satellite data 

contribute to adaptive management strategies. Farmers can adjust practices 

based on real-time information, improving overall efficiency and sustainability. 

o Continuous Learning: AI models are designed for continuous learning. As 

new data becomes available, the models adapt and refine their predictions, 

ensuring that aquaculture practices remain responsive to changing conditions. 

The procedure and process of merging AI and satellite sensing with aquaculture involve a 

seamless flow of data from various sources, advanced analysis by AI algorithms, and the 

implementation of insights for optimized farm management. This integration not only improves 

efficiency but also contributes to the long-term sustainability of the aquaculture industry. 

Industrial Applications of Merging AI and Satellite Sensing in Aquaculture 

The convergence of artificial intelligence (AI) and satellite sensing with aquaculture has far-

reaching implications for the industry, offering innovative solutions to enhance productivity, 

sustainability, and environmental management. Here are some key industrial applications: 

1. Remote Monitoring and Management: 

o Satellite Surveillance: Aquaculture farms, often located in remote or offshore 

areas, benefit from satellite surveillance. Satellite sensing provides a 

comprehensive view of farm conditions, enabling real-time monitoring of 

environmental parameters such as water temperature, salinity, and chlorophyll 

concentration. 

o AI-Driven Automation: AI algorithms analyze satellite data and on-farm sensor 

inputs to automate routine tasks, such as adjusting feeding schedules or 

regulating water quality. This remote monitoring and automation reduce the 

need for constant physical presence, making aquaculture operations more 

efficient. 

2. Precision Farming: 

o AI-Powered Feeding Optimization: AI models, integrated with satellite data, 

optimize feeding schedules based on environmental conditions and fish 



 71 

behavior. This precision in feeding enhances growth rates, minimizes feed 

waste, and improves the overall efficiency of aquaculture operations. 

o Disease Prevention: Early detection of diseases through AI-driven image 

recognition and continuous monitoring of environmental factors helps prevent 

disease outbreaks. Precision farming, enabled by AI, contributes to the 

sustainable and responsible management of aquaculture resources. 

3. Site Selection and Planning: 

o Data-Driven Site Selection: Historical satellite data, processed by AI 

algorithms, assists in identifying optimal locations for new aquaculture farms. 

This data-driven approach considers factors like water quality, temperature, and 

market proximity, ensuring sustainable expansion and minimizing 

environmental impact. 

o Risk Mitigation: AI models can assess environmental risks using satellite data, 

aiding in the selection of sites less prone to natural disasters or adverse 

conditions. This proactive approach reduces the likelihood of unforeseen 

challenges affecting aquaculture operations. 

4. Environmental Impact Assessment: 

o Real-Time Environmental Monitoring: The combination of AI and satellite 

sensing allows for continuous monitoring of environmental conditions 

surrounding aquaculture farms. This capability is crucial for assessing and 

mitigating the environmental impact of aquaculture activities. 

o Regulatory Compliance: AI-driven systems help aquaculture operators adhere 

to environmental regulations by providing automated reporting on key metrics. 

This transparency fosters regulatory compliance and supports sustainable 

practices. 

5. Market Intelligence and Planning: 

o Market Analysis: AI algorithms analyze market trends, consumer preferences, 

and global seafood demand. This information assists aquaculture producers in 

making informed decisions about species selection, production volume, and 

marketing strategies. 

o Supply Chain Optimization: Predictive analytics enable farmers to anticipate 

market demand and adjust production accordingly. This optimization reduces 

the likelihood of oversupply or shortages, contributing to a more resilient and 

responsive aquaculture supply chain. 
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6. Risk Management and Resilience: 

o Predictive Analytics for Risk Assessment: AI models, fed with satellite data, 

provide insights into potential risks such as disease outbreaks, extreme weather 

events, or changes in water conditions. This information allows for proactive 

risk management strategies. 

o Resilient Operations: By continuously learning from new data, AI models 

contribute to the development of resilient aquaculture systems. Operations can 

adapt to changing environmental conditions, ensuring the sustainability and 

longevity of the industry. 

7. Global Collaboration and Data Sharing: 

o Information Exchange: The integration of AI and satellite sensing encourages 

global collaboration in aquaculture research and management. Data sharing and 

collaborative initiatives enable a more comprehensive understanding of global 

aquaculture trends and challenges. 

o International Standards: The development of standardized protocols for data 

collection, analysis, and reporting facilitates international cooperation. This 

standardized approach ensures that advancements in AI and satellite technology 

benefit the aquaculture industry on a global scale. 

 

Challenges and Considerations in Merging AI and Satellite Sensing with Aquaculture 

While the integration of artificial intelligence (AI) and satellite sensing with aquaculture holds 

great promise, it also presents a range of challenges and considerations that must be addressed 

to ensure responsible and effective implementation. 

1. Data Privacy and Security: 

o Sensitive Information: Aquaculture operations generate large volumes of 

sensitive data, including farm locations, production statistics, and 

environmental conditions. Ensuring the privacy and security of this information 

is crucial to prevent unauthorized access or misuse. 

o Data Transmission: Transmitting data from aquaculture farms to centralized AI 

systems for analysis raises concerns about data interception. Secure and 

encrypted communication protocols must be established to safeguard 

information during transmission. 

2. Cost of Technology Adoption: 
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o Initial Investment: Implementing AI and satellite sensing technologies requires 

significant upfront investment in hardware, software, and training. Small-scale 

aquaculture operators may find it challenging to afford these technologies, 

potentially exacerbating existing disparities in the industry. 

o Operational Costs: Ongoing operational costs, including maintenance, updates, 

and connectivity, should be carefully considered. Sustainable business models 

must be developed to ensure the long-term viability of AI-integrated 

aquaculture systems. 

3. Standardization of Protocols: 

o Data Interoperability: Achieving seamless integration of data from various 

sources demands standardized protocols. Lack of uniformity in data formats and 

communication protocols may hinder the effectiveness of AI models and 

satellite sensing systems. 

o Collaboration and Standardization: Industry-wide collaboration and the 

establishment of standardized practices are essential to address interoperability 

challenges. This may require coordination among aquaculture stakeholders, 

technology developers, and regulatory bodies. 

4. Ethical AI Use: 

o Bias in Models: AI models are susceptible to biases present in training data, 

which could result in discriminatory outcomes. Ensuring fairness and 

transparency in AI algorithms is critical to avoid unintended consequences, 

especially in decision-making processes related to aquaculture operations. 

o Human Oversight: Although AI systems can automate many tasks, human 

oversight remains crucial. Human experts must interpret AI-generated insights, 

make decisions, and ensure ethical considerations are prioritized in aquaculture 

management. 

5. Regulatory Compliance: 

o Adaptation of Regulations: Current regulatory frameworks may not be equipped 

to address the unique challenges posed by AI and satellite sensing in 

aquaculture. Governments and regulatory bodies need to adapt and develop 

guidelines that ensure the responsible use of these technologies. 

o Balancing Innovation and Compliance: Striking a balance between fostering 

innovation and ensuring regulatory compliance is crucial. Transparent 
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communication between industry stakeholders and regulators is essential to 

navigating this delicate balance. 

6. Data Accuracy and Reliability: 

o Satellite Data Limitations: Satellite sensing relies on external factors such as 

weather conditions and cloud cover, which can impact data accuracy and 

reliability. Developing strategies to address these limitations, such as combining 

satellite data with ground-truth measurements, is essential. 

o Quality Assurance: Ensuring the accuracy and reliability of on-farm sensor data 

is equally important. Regular calibration and maintenance of these sensors are 

necessary to prevent inaccuracies that could compromise the effectiveness of 

AI models. 

7. Technology Access and Education: 

o Digital Divide: Access to advanced technologies is not uniform across the 

aquaculture industry. Bridging the digital divide requires efforts to provide 

training and resources to all aquaculture operators, regardless of their scale or 

location. 

o Capacity Building: Adequate training and education programs are needed to 

empower aquaculture professionals to harness the full potential of AI and 

satellite sensing. Building the capacity of the workforce ensures that these 

technologies are effectively utilized. 

8. Environmental and Cultural Sensitivity: 

o Local Ecological Impact: While advanced technologies can optimize 

aquaculture practices, they may also have unintended environmental 

consequences. It is crucial to assess and minimize any negative impact on local 

ecosystems to ensure the long-term sustainability of aquaculture operations. 

o Cultural Considerations: Aquaculture practices often have cultural implications 

tied to local communities. Implementing new technologies should involve 

understanding and respecting these cultural considerations to foster community 

acceptance and collaboration. 

 

Addressing these challenges requires a collaborative effort involving aquaculture stakeholders, 

technology developers, regulators, and communities. By navigating these considerations 

thoughtfully, the merging of AI and satellite sensing with aquaculture can move toward its full 

potential as a catalyst for sustainable and responsible industry growth. 
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Conclusion 

The merging of aquaculture with AI and satellite sensing represents a transformative leap 

towards a more sustainable and efficient industry. By harnessing the power of advanced 

technologies, aquaculture can not only meet the rising global demand for seafood but also do 

so in an environmentally conscious and economically viable manner. As we look to the future, 

the integration of AI and satellite sensing holds the promise of a more resilient and sustainable 

aquaculture sector, capable of navigating the challenges of a rapidly changing world. 
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Abstract 

This chapter explores the impact of digital technologies on aquaculture farming in India's water 

bodies. With India being home to the world's second-largest aquaculture industry, the 

incorporation of digital technologies into farming practices has enabled farmers to enhance 

their production efficiency, improve accountability, and bolster their economic profitability. 

The chapter evaluates the use of digital platforms such as mobile applications, remote sensors, 

and artificial intelligence in facilitating the adoption of sustainable and eco-friendly farming 

practices. These technologies have transformed the way farmers manage their aquaculture 

systems, improve their stocking patterns, and assist in disease diagnosis, leading to improved 

fish health and optimal yields. Moreover, digital tools have revolutionized the supply chain 

management system by enabling efficient cooperation between farmers, suppliers, and buyers 

through e-commerce platforms and payment mechanisms. The chapter concludes by 

emphasizing the need for continued digital educational and training intervention for effective 

utilization and maximum benefits of these technologies. 

Keywords: Aquaculture, mobile applications, sensors, artificial intelligence. 

 

1.INTRODUCTION 

 

Aquatic reforms are transforming the way farming is done in India's waters. With the help 

of digital technologies, farmers are now able to optimize their water usage, increase their 

productivity, and enhance the quality of their produce. This revolution in farming practices not 

only benefits the farmers but also has a positive impact on the environment, as it reduces the 

amount of wastage and promotes sustainable farming. In this chapter, we will explore how 
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digital technologies have transformed aquatic farming in India and how it is shaping the future 

of farming [1]. 

 

1.1 Background of aqua farming in India 

 

Aqua farming, also known as fish farming or aquaculture, has been practiced in India for 

centuries, with a history dating back to the Indus Valley civilization. It provided a major source 

of livelihood for coastal communities, who relied on fishing and fish farming for sustenance 

and trade. However, over the years, due to overfishing, pollution, and environmental 

degradation, the fish stock in India's lakes, rivers, and coastal waters began to decline, 

threatening the livelihoods of many fishermen [2].  

To address this, the government began promoting aqua farming as a sustainable alternative 

to traditional fishing, in the 1970s. The government of India introduced several policies and 

initiatives to encourage aqua farming, including providing subsidies, training programs for 

farmers, and technical support. This resulted in the growth of the sector, which contributed 

significantly to the country's food security, created employment opportunities, and boosted the 

economy. Today, India is the second-largest aquaculture producer in the world, after China, 

with a wide variety of fish and shellfish species being farmed across the country. Freshwater 

fish farming is more common in the north and east of the country, while saltwater aquaculture 

is prevalent in the south and west. Despite its successes, however, the aquaculture sector in 

India faces several challenges, including disease outbreaks, water scarcity, environmental 

degradation, and access to markets. To sustain and grow the sector, the government and 

stakeholders must work together to address these challenges and promote sustainable and 

responsible aqua farming practices [3]. 

1.2 Introduction to the role of digital technologies in aquaculture 

 

Aquaculture, the practice of farming aquatic organisms like fish, shellfish, and seaweed, is 

an essential industry for providing sustainable seafood to meet the world's growing demand for 

protein. However, traditional aquaculture methods have often been associated with 

environmental challenges, such as water pollution and diseases outbreaks. The integration of 

digital technologies in aquaculture offers new opportunities to enhance production efficiency, 

sustainability, and profitability. These technologies include remote monitoring, sensors, 

artificial intelligence, and blockchain. This chapter explores how digital technologies are 

transforming the aquaculture industry and the challenges and opportunities they bring for a 

sustainable future [4]. 
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1.3 Importance of technology in aqua farming 

 

Technology has had a significant impact on aqua farming, and its importance cannot be 

overstated.  

Some ways in which technology has aided the growth and development of aqua farming 

are: 

1. Improved Growth and Production: With the use of technology, aqua farmers can 

monitor and control factors such as temperature, oxygen levels, lighting, and feeding to ensure 

optimal growth and production in their aqua farms. 

2. Improved Water Quality: Technology has enabled the use of sophisticated filtration 

and treatment processes that improve water quality and eliminate harmful bacteria, parasites, 

and viruses. 

3. Disease Control: Aquaculture-based technology is a useful tool in performing non-

invasive diagnosis of various diseases. Aquaculture-based information technology (IT) systems 

can be used to diagnose fish diseases, particularly those that are difficult to identify under 

microscopes. 

4. Improved Efficiency: Technology has enabled greater efficiency in the use of 

resources such as water and energy. This efficiency has translated into cost savings and better 

farming practices. 

5. Improved Traceability: Technology has enabled comprehensive tracking and tracing 

of fish products through their supply chain. This traceability aids in product monitoring and 

regulation. 

In conclusion, technology plays a vital role in aqua farming. From better growth and 

production to improved water quality, disease control, efficiency, and improved traceability, 

technology is instrumental in the development and success of aqua farms [5]. 

 

1.4 Objectives of this chapter 

1. To outline the current challenges faced by the aqua farming industry in India 

2. To discuss the potential benefits of digital technologies in transforming aqua 

farming in India 
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3. To highlight the specific digital technologies that can be used in aqua farming, such 

as IoT, big data, and AI. 

4. To demonstrate how these technologies can improve productivity, efficiency, and 

sustainability in aqua farming. 

5. To provide case studies and examples of successful implementation of digital 

technologies in aqua farming in other countries. 

6. To address potential concerns and challenges in implementing digital technologies 

in aqua farming in India, such as affordability and access to technology. 

7. To encourage stakeholders in the aqua farming industry to embrace digital 

technologies as a means of modernizing and optimizing their operations. 

 

1. TRADITIONAL AQUACULTURE PRACTICES IN INDIA 

 

2.1 The challenges faced by farmers in traditional aquaculture in India 

Some of the challenges faced by farmers in traditional aquaculture in India: 

1. Limited access to water: Traditional aquaculture relies heavily on natural water 

sources such as rivers, ponds, and lakes, which are not always reliable or accessible to farmers. 

2. Lack of technology: Many traditional aquaculture farmers lack the proper knowledge 

and technology needed for successful fish farming. They may not have access to advanced 

tools and techniques that can enhance their productivity and scale up their operations, which 

can limit their profitability. 

3. Seasonal variability: Traditional aquaculture in India may be affected by seasonal 

changes in temperature, water flow, and rainfall, which can impact fish growth rates and 

survival rates. 

4. Poor quality of fish seeds: The quality of fish seeds, which are used for breeding, can 

be poor, leading to low-quality fish, low survival rates, and reduced productivity. 

5. Predators and diseases: Fish of different species are prone to predation and diseases, 

which can result in significant losses for farmers who are not equipped to handle such 

situations. 

6. Marketing challenges: Traditional aquaculture farmers in India may face challenges 

in marketing their products, especially if they do not have access to proper infrastructure, such 

as cold storage facilities or good transport networks.  
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7. Lack of credit: Many traditional aquaculture farmers are not provided with adequate 

funding required for their operations by banks or financial institutions, making it challenging 

for them to sustain their livelihoods.  

8. Climate change: Changes in climate patterns such as heavy rainfall, prolonged 

droughts, and altered seasonal temperatures can also impact the yield of traditional 

aquaculture.  

9. Pollution: Pollution of water sources due to human activities or industrialization can 

severely affect the livelihoods of farmers practicing traditional aquaculture.  

Overall, the aquaculture sector in India needs to overcome these challenges for 

sustained development to provide food security and empower fish farmers. 

2.2 Overview of the methods and technologies that have been used in traditional 

aquaculture 

Traditional aquaculture techniques have been used for centuries to cultivate fish and 

other aquatic creatures for consumption and economic purposes. The methods and technologies 

used in traditional aquaculture vary depending on the type of species being raised and the 

geographic location of the operation. However, many traditional aquaculture methods share 

commonalities in their approach to raising aquatic life.  

One of the most common traditional aquaculture techniques is pond culture. This 

method involves creating a man-made pond or utilizing existing water bodies to cultivate fish 

and other aquatic organisms. The pond is stocked with fish or other aquatic creatures, and then 

fertilizers, such as animal manure or commercial fertilizers, are added to promote the growth 

of phytoplankton. The phytoplankton serves as a food source for the organisms being raised.  

Another traditional method of aquaculture is cage culture. This practice involves raising 

fish in net cages suspended in open water environments such as lakes, rivers, and coastal 

waters. The cages can be constructed from various materials and are typically floated on the 

surface or anchored to the seabed.  

Raceway culture is another technique used in traditional aquaculture. It involves the 

use of long, narrow channels or tanks that have water constantly flowing through them. Fish 

are raised in these channels or tanks, and the constant flow of water provides a consistent 

oxygen supply and removes waste created by the fish.  

In traditional aquaculture, technology is utilized to manage the environment and 

optimize production. This includes water pumps, aeration systems, and monitoring devices. 

Feed is also a critical aspect of aquaculture, and traditional aquaculture relies on a variety of 
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feeds including live food, fresh or frozen fish, and formulated feeds containing a mix of 

proteins, vitamins, and minerals.  

Overall, traditional aquaculture methods and technologies have been honed over 

centuries and continue to be used worldwide. While modern aquaculture practices now exist, 

traditional methods still play a significant role in the production of seafood for local and 

international markets. 

 

2. DIGITAL TECHNOLOGIES IN AQUACULTURE IN INDIA 

 

3.1 The rise of digital technologies in aquaculture 

 

Aquaculture is the farming of aquatic organisms like fish, mollusks, crustaceans, and 

aquatic plants. With the growing demand for seafood, aquaculture has become an essential 

aspect of the global food industry. Over the years, the aquaculture industry has experienced 

several technological advancements, and the rise of digital technologies in aquaculture has 

brought significant changes and improvements to the industry [6]. 

One of the primary factors contributing to the rise of digital technologies in aquaculture 

is the need for efficient and sustainable farming practices. The digital technologies have 

improved the production efficiency and reduced the environmental impact. The use of sensors, 

monitoring systems, and data analytics has allowed farmers to gain greater insights into the 

environmental conditions and growth patterns of aquatic organisms. This insight helps farmers 

optimize their farming practices, resulting in better yields, decreased mortality rates, and 

reduced operating costs. 

The use of digital technologies in aquaculture has also revolutionized breeding 

practices. Genetic improvement programs allow farmers to select the best performing 

individuals and selectively breed them to obtain offspring with superior traits and genetic 

material. This approach provides better quality produce while reducing the need for disease 

treatments and antibiotics. Furthermore, the use of automated feeding systems, water quality 

measurements, and digital fish health monitoring systems has simplified the process of 

managing aquaculture farms. This results in accurate and timely decision-making, reducing 

waste, and improving food safety [7]. 

In conclusion, the rise of digital technologies in aquaculture has created a new era of 

sustainable and profitable farming. With the world's growing population and the increasing 
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demand for seafood, digital technologies have provided essential tools to ensure responsible 

and efficient food production. 

3.2 Overview of the new technologies that are being used in aquaculture in India 

Aquaculture, the farming of fish and shellfish, is an important industry in India. With 

the increasing demand for fish and seafood, new technologies are being adopted by aquaculture 

farmers to increase production and efficiency. One of the new technologies being used in 

aquaculture is the use of Recirculating Aquaculture Systems (RAS). RAS allows farmers to 

recycle and reuse water, reducing the amount of water needed for farming. This technology 

also provides better control over water quality, temperature, and oxygen levels, resulting in 

healthier and faster-growing fish [8]. 

Another technology being used in aquaculture is the use of genetically improved strains 

of fish and shrimp. These strains have been developed to produce faster-growing, disease-

resistant, and more nutritious seafood. Farmers are also using automated feeding systems that 

can distribute food more precisely and monitor the health of the fish. 

In addition, farmers are using remote sensing and satellite imagery to monitor water 

conditions and detect changes in the environment. This allows farmers to respond quickly to 

environmental changes and prevent disease outbreaks [9]. 

Finally, farmers are adopting mobile-based technologies for real-time monitoring of 

farming operations and crop management. This technology includes apps for monitoring water 

quality, feeding rates, and disease outbreaks. 

Overall, the adoption of new technologies in aquaculture in India is helping farmers to 

increase productivity, reduce costs, and produce healthier and more sustainable seafood. 

 

3.1 EXAMPLES OF SUCCESSFUL USE OF DIGITAL TECHNOLOGIES IN 

AQUACULTURE IN INDIA 

 

4.1 Types of digital technologies 

The demand for fish is ever-increasing, particularly as its health benefits continue to 

gain acclaim with consumers, who, overall, are becoming more interested in the nutritional 

advantages of their food choices.  

While the production of fish as a primary protein source is considerably more efficient 

than other protein sources such as cattle or pork by as much as six and four times, respectively, 

on a feed conversion basis, much can still be done to improve production and efficiency in 

aquaculture.  
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In this part, I identified eight technologies that possess the power to transform agriculture.  

 Could 3D printing save lives? 

 Will robots farm our fish? 

 Drones dare to take on dangerous dives for data. 

 Sensors for smarter, more sustainable aquaculture 

 Artificial intelligence empowers aquaculture decision-making. 

 Augmented reality (AR) adds a new dimension to dives. 

 Virtual reality (VR) is opening the eyes of the next generation to aquaculture. 

 Blockchain verifies sustainability, improves transparency from fishery to 

finished plate. 

4.2 A comparison of traditional aquaculture practices with the use of digital technologies 

in India 

Traditional aquaculture practices in India involve the manual breeding and rearing of 

fish in ponds or tanks, with minimal use of technology. Farmers rely on their own knowledge 

and experience to manage their fish populations, and often face challenges such as disease 

outbreaks and fluctuations in water quality. These traditional methods can also be labor-

intensive and time-consuming. 

In contrast, the use of digital technologies in aquaculture is a newer and rapidly 

developing trend in India. With the rise of smart aquaculture systems, farmers are using sensors 

and data analytics to monitor water quality, track fish growth, and automate feeding and 

harvesting. This enables more precise management of fish populations and reduces labor costs. 

Some farmers are also experimenting with new techniques, such as genetic engineering, to 

breed fish with desirable traits and increase their yield. 

While digital technologies offer many benefits, their adoption has been slow due to the 

challenges of access and affordability in rural areas. Many farmers lack the necessary 

infrastructure and resources to integrate these technologies into their operations. Additionally, 

there are concerns about the environmental impact of intensive aquaculture and potential risks 

associated with genetic modification. 

Overall, while digital technologies offer promising solutions to address the challenges 

of traditional aquaculture practices in India, there is still much progress to be made to ensure 

their adoption is sustainable and equitable. 

 

https://www.linkedin.com/pulse/disruptive-digital-technologies-power-transform-aidan-connolly-7k-
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POSSIBLE CHALLENGES IN IMPLEMENTING DIGITAL TECHNOLOGIES IN 

AQUACULTURE 

 

5.1 Challenges faced by farmers in implementing digital technologies 

1. Lack of awareness and understanding: Many fish farmers may not have adequate knowledge 

or understanding of digital technologies and how they work. This can make it difficult for them 

to implement such technologies in their operations. 

2. High investment costs: Implementing digital technologies can be expensive, particularly for 

smaller fish farmers who may not have the financial resources to invest in advanced 

technologies. 

3. Limited access to infrastructure: Digital technologies often require good internet connections 

and reliable power supply, which may not be available in some locations where fish farming is 

practiced. 

4. Resistance to change: Some fish farmers may be resistant to change and prefer to stick to 

traditional methods of farming, which can make it challenging to implement digital 

technologies. 

5. Technical issues and support: Fish farmers may experience technical challenges when 

implementing digital technologies, and they may not have access to the necessary technical 

support to address these issues. 

6. Data privacy and security: Fish farmers may be concerned about the privacy and security of 

their data when implementing digital technologies, particularly in situations where sensitive 

information is involved. 

7. Training and capacity building: Fish farmers may require training and capacity building to 

effectively use digital technologies, which can be time-consuming and costly. 

5.2 The need for policies and regulations to support the uptake of digital technologies 

As the world becomes more digital, policies and regulations are needed to ensure that all 

stakeholders benefit and that digital technologies are used for the greater good. The following 

are some of the reasons why policies and regulations are necessary to support the uptake of 

digital technologies: 

1. Ensuring access and use. Policies can ensure that digital technologies are available to all 

stakeholders and that digital literacy is sufficient to use them effectively. 

2. Protecting privacy and security. Regulations can establish data protection measures to 

prevent misuse of personal information and cyber-security threats. 
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3. Encouraging innovation. Policies can foster an environment of innovation by providing 

incentives for companies and individuals to develop and commercialize digital solutions. 

4. Ensuring competition. Regulations can ensure that digital markets remain competitive, with 

no one company dominating the market to the detriment of consumers. 

5. Promoting collaboration. Policies can facilitate collaboration between different sectors, such 

as academia, government, and industry. 

6. Protecting intellectual property. Regulations can protect intellectual property rights, which 

can incentivize innovation and technological advancements. 

7. Promoting sustainability. Policies can encourage the responsible and sustainable use of 

digital technologies, reducing environmental impacts and promoting social responsibility. 

In summary, policies and regulations are necessary to ensure that digital technologies 

are accessible, safe, and beneficial to all stakeholders. They encourage innovation, competition, 

and collaboration while protecting privacy and security, intellectual property, and the 

environment. 

 

6.CONCLUSION 

 

6.1 Summary of the key points in the chapter 

The chapter "Aquatic Reforms: How Digital Technologies are Revolutionising Farming 

in India's Waters" discusses how technology is transforming the agricultural industry in India's 

inland water bodies. Digital tools like mobile applications and drones are being used to help 

improve farming methods and increase productivity. The chapter looks at the challenges faced 

by traditional fishermen and how the use of digital technologies has helped in the monitoring 

of aquatic resources, improving water quality, and boosting aquaculture. The authors also 

mention the potential of using artificial intelligence in aquaculture management. Overall, the 

chapter highlights the positive impact of technology in the Indian aquaculture industry and its 

potential to transform the lives of millions of people involved in the sector. 

6.2 A discussion of the future of digital technologies in aquaculture in India. 

Aquaculture, popularly known as fish farming, is the fastest-growing food sector 

globally, and India is not left behind on this wave. India is one of the world's largest producers 

of fish, accounting for approximately 6.3% of the global production. However, the country 

needs to increase its fish production to meet the rising demand for seafood domestically and 

internationally. One of the ways digital technology can aid in this process is by promoting 

sustainable and efficient farming practices. 
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Firstly, digital technologies can aid in the monitoring of water quality in fish farms, an 

essential factor in fish production. Water quality parameters such as temperature, dissolved 

oxygen, and pH have a massive influence on fish growth and can sometimes lead to massive 

losses if not properly managed. This can be achieved using sensors that offer real-time data. 

With this data, farmers can quickly identify fluctuations in the water quality and take necessary 

actions to avoid losses. 

Secondly, digital technologies can help in detecting fish health issues early on. The use 

of drone technology for aerial observation of fish farms can help detect signs of fish diseases 

and tackle issues before they get out of hand. This will reduce the cost of treatment while at 

the same time reduce the risk of negative effects associated with the use of harmful antibiotics 

in the water. 

Thirdly, digital technologies can improve feed management practices. There are smart 

feeding systems that can dispense the right feed quantities on a schedule. This will ensure that 

the fish get just the right amount of feed and minimize the amount of food wastage while 

maximizing the growth of the fish. 

Finally, digital technologies can help in reducing the environmental impact of fish 

farming. Fish farms are known to have a significant impact on water bodies and the ecosystem 

around them. The use of recirculating systems, for instance, can reduce the amount of water 

required in aquaculture operations. These systems filter and clean the water, reducing the 

amount of waste that enters nearby water bodies. 

In conclusion, the potential for digital technologies in Indian aquaculture is vast. 

Technology can significantly aid in ensuring efficient farm operations, promote sustainable 

practices and improve fish productivity while at the same time minimizing the environmental 

impact of fish farming. While there is still a long way to go in adopting these technologies, 

they hold significant promises for the future of the Indian aquaculture industry. 
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Introduction: 

The twenty first century focuses on food security the key to which is held by fisheries and 

agriculture. FAO is a global organization primarily devoting itself to the statistics of fisheries 

and aquaculture and has attained the esteemed level of data relevance for two decades. That 

speaks volumes about the importance of fisheries in the world today. Besides providing food 

security fisheries is a contributor to employment and livelihood of the fishermen around the 

world. In India the fishing industry has always been the backbone of the Indian industries 

contributing to the economy of the nation in the form of valuable exports that beat other 

agricultural products. FAO bears evidence to the remarkable increase in aquaculture production 

the world over from a meagre 20.8 million tonnes in the 1950s to a whopping 87.5 million 

tonnes in 2020 inspite of the reduced fishing due to COVID pandemic. The Indian contribution 

to this figure stands at 12590 lakh tonnes with a major shift towards inland fisheries. This 

undoubtedly prescribes the requirement for the development of aquaculture by providing ways 

and means to create conducive, healthy and natural growth. The adoption of reliable and 

contactless techniques which are not labour dependent will pave the way for transparency of 

the food product from the origin to the customer. 

 

India is in the limelight of the world’s space development more so with the smooth 

landing of Chandrayaan 3. An aquaculture farmer especially of inland areas are limited by 

space constraints. The coastal aquaculture and open sea culture techniques could be the way 

going forward.The advantage of the usage of GIS systems for site selection in the case of cage 

culture, oyster farms and offshore shrimp farms has been observed the world over. The 

adoption of these techniques are in the nascent stages in India and a number of measures are 

being put into place for its adoption by creating an awareness and availability of these facilities. 

The system is thus the foundation stone for a profitable offshore farming system. 
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For a successful venture a detailed analysis of the area is imperative. Traditional ways 

would involve multiple visits to the site. In situ collection of several soil and water parameters 

in coordination to meteorological data play a key role in accessing the feasibility of a profitable 

aquaculture venture. The prominent place that India has attained in Geostationary satellites and 

hence remote sensing is making the analysis of sites for suitability simpler and deeper. Using 

this technology in conjunction with Earth Observations and Geographic Information System 

(GIS) systems the site envisioned for a future coastal aquaculture farm can be ideally selected 

minimizing the number of visits to the actual site. The other advantage of the GIS system is the 

immense time series data that is available giving it an undue advantage of predictability. The 

land use and land cover data are the crux for any area to be considered for a suitable 

aquafarming. The source of the water, the pollutants that are likely to exist and the forest or 

mangrove cover are some of the major requirements when considering farming. The GIS data 

can provide us with data on the sea surface temperature, turbidity, chlorophyll content, the 

wind speed and the land formations. For an aquaculture farmer the knowledge of these vital 

parameters holds the key to becoming a successful farmer. What this conveys is the 

visualization of the land and ocean mass as it existed years or decades ago and hence foresee 

the locations feasibility for a farm. The usage of satellite observations along with the in situ 

data would be the ideal way to create a GIS layer for determining the feasibility of the said 

area. Using the GIS techniques gives a big advantage over the traditional site selection 

techniques leading to ascertaining better productive areas with minimal expense of time and 

money.The preparation of the pond before stocking is the foundation stone for a successful 

farming cycle in inland areas. The initial step of drying the pond is vital before any treatment 

can be administered. The adoption of GIS techniques to determine the satisfactory period to 

undertake this step thereby aids the farmer in avoiding delays or being subject to unsupported 

wet spells. 

 

The world is running on IoT devices which are used in all areas of our life like healthcare, 

fitness, security, hospitality and agriculture to name a few. What exactly is the technology used 

by these devices? As the name suggests, the things we use in everyday life can act as IoT 

devices as soon as they possess sensors. The sensors collect and send the vital data over 

networks where the data is stored and analysed without any human intervention. The healthcare 

industry has found innumerable advantages of using the IoT devices. The pacemakers are a 

boon to the healthcare industry and is a personal IoT . Remote IoTs in the healthcare industry 

help to track patient’s health over distances and facilitate an alarm system without the presence 
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of a skilled personnel at the remote site. Robotic surgeries are increasing at alarming rates with 

the mighty advantage of being nonintrusive with minimal pain.The awareness and importance 

of fitness has been created by growing awareness of the role played by regular fitness routines 

considering the sedentary lifestyle in daily life. The rising risk of diseases which could be 

prevented by regular firness regimes has impacted the world. 

  

This awareness has also laid the foundation for a fitness oreiented population and steering the 

usage of IoT devices in this sector. The fitness industry has witnessed an increasing number of 

wearable IoT devices namely fitness bands and heart-rate trackers to step counters and sleep 

gadgets. All these devices monitor particular parameters vital to discern the persons physical 

fitness,The question of security holds vital importance in both our digital lives and physical 

lives. IoT devices are commonly used to secure the surroundings in which we live utilising 

intrusion detection devices. Secured access to homes and office is of prime importance with 

the increasing threats encountered in our day to day life. Multiple access systems are employed 

for securing the office and homes using vision system and also using fingerprints. Many 

housing complex have started applying these technologies in their society. The safety of the 

self driven vehicles depends on the sensors the vehicles possess. The IoT devices in the vehicle 

transmit the data enabling a safe drive. In case of accidents the data received from these devices 

are the first to be analysed. 

 

Another important industry and our sister industry is agriculture. Most of the Indian population 

livelihood depends on agriculture directly or indirectly for their daily bread. The efficiency of 

the harvest cycle begins with crop selection and the result is visible in the harvest made. 

Selection of the crop cultivated has always followed a regular cycle by the farmers or was done 

made on the demand and supply model. The traditional methods followed from times 

immemorial have at times led to crops washed out by unpredictable rains or drought. The 

existing climatic conditions and forecasting conditions using the trends delivered by the 

satellite data is influential is selecting the right crop and the right time for the crop to be sown. 

By coupling GIS and IoT devices the growth monitoring and assisting in the monitoring of the 

crop results in a more efficient and profitable harvest. Another requirement for the profitability 

of the crop depends on the susceptibility to diseases. The usage of drones has started playing 

important role in the recognition of the diseases in the initial stages and taken appropriate 

corrective measures. Regular monitoring of the fields is also achieved by IoT devices 

transmitting important data regarding the temperature and moisture levels. The optimised 
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watering of the farms can be achieved based on the data received from the humidity sensors. 

The spraying of suitable fertilisers and ascertaining the right time for harvest is a perfect way 

to end the crop cycle and easily achieved by adopting this advanced technology. 

  

The aquaculture industry the world over has taken leaps into the usage of IoT devices in the 

cycle of farming in both inland and offshore farms. IoT systems enable hatchery managers to 

monitor and control critical environmental parameters such as water quality, temperature, 

dissolved oxygen levels, and feeding schedules with unprecedented precision. Sensors 

deployed throughout the hatchery continuously collect data, which is then analyzed in real- 

time or stored for future analysis. This data-driven approach not only ensures optimal 

conditions for the growth and health of juvenile fish and other aquatic organisms but also 

minimizes resource wastage and reduces the risk of disease outbreaks. IoT in aquaculture 

hatcheries not only enhances the efficiency of operations but also contributes to the 

sustainability of the industry by optimizing resource utilization and minimizing environmental 

impacts. With continuous advancements in IoT technology, hatcheries are better equipped to 

produce healthier and more robust aquatic stocks, ultimately supporting the growth of the 

aquaculture sector. 

 

Inland aquaculture farms require careful monitoring of various parameters to ensure the well- 

being and growth of aquatic organisms. The IoT sensors enable a real time data of the 

parameters of vital importance like water temperature, dissolved oxygen and pH. The turbidity 

of the water can be determined by the GIS data. The indicators of oxygen depletion being 

generally the spread of weeds like water hyacinth can also be predicted using the GIS data. The 

flow of the water is measured by the IoT flow sensors. Automated feeding in coordination to 

the different parameters observed by the other IoT devices specifies the time and amount of 

feeding. Alarm systems can be set in place to alert the concerned authorities regarding the 

unusual conditions recorded by the IoT devices. These systems are paving the way for 

unmanned hatcheries. 

 

The dependence of IoT devices holds true for the offshore or coastal aquaculture to a greater 

extent in comparison to inland activities. The alarming losses faced by the aquaculture farmers 

due to the dramatic fall in prices the world over and unpredictable climatic conditions makes 

it imperative for the adoption of GIS technologies to forecast and take preventive action. The 

ideal advancement and availability of sensors for temperature, dissolved oxygen, pH, salinity 
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and turbidity are only the tip of the iceberg when it comes to the usage of IoT devices to enable 

a smooth and viable aquaculture process.. The enhanced systems to measure tidal amplitude, 

water levels and current direction and velocity in conjunction to the local weather conditions 

when introduced to a GIS system can be modelled as crucial indicators to amount and time for 

feeding through automated systems. The growth of the aquaculture species is difficult to 

discern due to poor visibility to the naked eye. The enhanced underwater cameras are a boon 

to visual observation of the health of the growing population. Machine Learning and Artificial 

Intelligence can be employed for creating immediate notifications by the IoT systems for timely 

intervention and ensuring the health and wellbeing of the cultured organisms. 

India ranks second in the global aquaculture production with a contribution of around 

6.3% of the world's production. The usage of IoT in the aquaculture industry in India is still in 

the nascent stage as the industry is battling the vagaries of nature like untimely torrential rains 

and cyclonic conditions playing havoc on the crop. The recurrent occurrence of disease in the 

present extensively cultivated Peneaus merguiensis, the farmer has faced difficult times. The 

prohibitive costs of the IoT sensors and its innate capabilities to transmit the data is yet to be 

utilized to the full potential. The fisheries sector has been given a boost since the inception of 

the fisheries ministry and the present minister Shri Parshottam Rupala has been making 

concerted efforts including sagar parikrama. The easy availability of satellite data and GIS 

analysis in the sector would definitely pave the way for economically viable crops. The usage 

of IoT is the key to cost effective farming and minimal wastage. 

Automation is the buzz word used in any process for any industry to progress from a 

labour intensive to less labour dependency. The role of automation in aquaculture lies in its 

adoption before the advent of IoT devices. Feed accounts for 15-30 % of the overall expenses 

in an aquaculture farm. Farmers hence realized the dent in the profits due to the excessive 

feeding.. The control on feeding served the dual purpose of controlling the amount of feed 

consumed in addition to maintaining the water conditions. The initial usage of automatic 

feeding commenced with spraying a fixed amount of feed at regular intervals thereby making 

it a less labour-intensive task. This automation led to many more and today we see the 

coordinated usage of IoT devices for managing and automating the farm. One of the widely 

used IoT devices adopted by aquaculture hatcheries is for counting of the fingerlings before 

package and transportation. 

The countries of the west are already using automation systems extensively to monitor 

water quality parameters such as temperature, dissolved oxygen (DO), pH, ammonia, and 

nitrate levels. When parameters deviate from optimal ranges, automated controls adjust 
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aeration, water exchange, and chemical dosing to maintain ideal conditions. The water quality 

data is also decisive for ideal performance of automated pumps, filters, and circulation in the 

farms thereby increasing the efficiency and lifetime of the instruments and keeping an 

ecological balance. The water level sensors help to analyse the fluid dynamics of the farm and 

informed corrective decisions can be taken. Underwater cameras and sensors track fish 

behaviour, making the detection of stress, disease, or abnormal behaviour real-time and timely 

corrective actions. Automated alerts have made possible the management of the remote 

aquaculture systems from the comfort of plush offices or decision makers anywhere in the 

world. 

The advent of the sensors as IoT devices and the GIS data delivered by the satellites 

have led to immense amounts of data. The vast data available has made decision making a very 

difficult venture as multiple permutations and combinations would influence a decision to be 

taken. Numbers are by no means a simple way to understand the trend or deviation of a trend. 

Thus in this age of data-driven decision-making, dashboards have emerged as invaluable tool 

for businesses, organizations, and individuals alike. A dashboard is a visual representation of 

data, often displayed on a single screen or page, that provides at-a-glance insights into complex 

information. Whether in business, finance, healthcare, or even personal fitness. Dashboards 

serve as windows to the world of data, enabling users to monitor, analyze, and act upon critical 

information more effectively. 

One of the key strengths of dashboards lies in their ability to simplify complexity. In a 

world overflowing with data, dashboards distil vast amounts of information into concise, 

visually appealing formats. Charts, graphs, and widgets transform raw numbers into 

meaningful trends and patterns, making it easier for users to grasp the significance of the data 

they're working with. This simplification empowers users to make quicker and more informed 

decisions, whether it's a CEO evaluating the financial health of a company or an individual 

tracking their fitness progress. 

Moreover, dashboards facilitate real-time monitoring. By connecting to data sources 

and updating in real-time or at predefined intervals, dashboards keep users informed of 

changing conditions. In a business context, this could mean monitoring website traffic, sales 

figures, or customer feedback as it happens. For healthcare professionals, real-time patient data 

can be a lifesaver, allowing them to react swiftly to changing conditions. In essence, dashboards 

provide a dynamic and always-updated view of the data landscape.Interactivity is another 

hallmark of effective dashboards. Users can often customize and interact with dashboard 

elements, such as selecting specific time frames, drilling down into details, or setting alerts for 
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certain conditions. This interactivity empowers users to tailor the dashboard to their specific 

needs and preferences, enhancing its utility.Furthermore, dashboards foster collaboration and 

transparency. In business settings, they can be shared across teams and departments, ensuring 

that everyone is on the same page regarding key metrics and goals. This collaborative aspect 

encourages data-driven decision-making throughout an organization. Additionally, dashboards 

enhance transparency by making data accessible to stakeholders, clients, or the public, 

depending on the context. 

As technology continues to advance, the potential applications of dashboards are 

expanding. With the advent of the Internet of Things (IoT) and increased data connectivity, 

dashboards are becoming integral to managing smart homes, cities, and industries. They offer 

a visual interface for controlling and monitoring IoT devices, from smart thermostats to 

industrial sensors.Dashboards for aquaculture resembles other industries and are essential tools 

that provide a visual representation of key data and insights related to farm operations. They 

enable aquaculture managers and operators to monitor, analyze, and make informed decisions 

based on real-time and historical information. The different types of dashboards that can be 

created for aquaculture to represent the factors that hold the key to the different operations 

involved during the farming. The different dashboards that can be created for the culture 

activities are 

1. Overview Dashboard: This holds a high-level summary of the entire aquaculture 

operation. It includes key performance indicators (KPIs) such as total fish population, 

feed consumption, water temperature, and production yield. It gives a quick snapshot 

of the farm's current status and overall performance. 

2. Water Quality Dashboard: This dashboard focuses on monitoring critical water 

quality parameters, including temperature, dissolved oxygen (DO), pH, ammonia 

levels, and turbidity. Charts and graphs display real-time data and historical trends, 

helping operators ensure optimal conditions for fish health and growth. This dashboard 

would be vital for any farm activities to be carried out effectively. 

3. Feeding Dashboard: Feeding dashboards provide insights into the feeding regimen. 

They display information on feed type, feed conversion ratios, feeding schedules, and 

feeding behaviour of fish. This data helps optimize feed management, reduce waste,and 

improve fish growth rates and this would be based on the water quality dashboard to a 

great extent. 

4. Fish Behaviour Dashboard: This dashboard uses underwater cameras and sensors to 

monitor fish behavior and health. It can track swimming patterns, feeding activity, and 
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signs of stress or disease. In intensive farming this dashboard plays a pivotal role as the 

help of Artificial Intelligence and Machine learning developments paved the path to 

understand normal and unusual behaviour in the fishes. Any unusual behaviour can be 

programmed to trigger alerts enabling timely intervention from remote locations. 

Unfortunately the study has been extensively studied on species that are intensively 

farmed and not available for all farmed species as yet. 

5. Harvesting and Inventory Dashboard: Harvesting dashboards track fish growth, size 

distribution, and readiness for harvest. They help manage the harvesting process 

efficiently, including sorting, counting, and transporting fish. Inventory levels and 

production forecasts are also displayed. 

6. Energy Management Dashboard: These dashboards are effectively used to focus on 

optimizing energy consumption. We are attempting to move towards a greener world 

and energy management is vital to reduce carbon footprints. The energy management 

dashboards display data related to power usage for pumps, aerators, and other 

equipment. Operators can identify opportunities to reduce energy costs and improve 

efficiency. 

7. Data Analytics Dashboard: Data analytics dashboards utilize machine learning and 

advanced analytics to process data collected from various sensors and IoT devices. 

They provide insights into trends, anomalies, and predictive analytics for better 

decision-making. 

8. Historical Data and Trend Analysis Dashboard: This dashboard compiles historical 

data and trend analysis charts to help operators identify long-term patterns and make 

informed decisions about future operations, breeding cycles, and resource planning.  

Conclusion 

In conclusion, dashboards are powerful tools for simplifying complexity, monitoring data in 

real-time, and fostering collaboration and transparency. IoT application dashboards empower 

individuals and organizations to harness the full potential of data, transforming it into 

actionable insights. In an increasingly data-driven world, dashboards are the windows through 

which we make sense of the digital landscape and drive informed decision-making. A smart 

aquaculture activity should depend on dashboards irrespective of the methods used for the 

farming activities. 
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Introduction 

Aquaculture, the controlled cultivation of aquatic organisms, has become a vital source of 

protein for a growing global population. However, its sustainable management and expansion 

face numerous challenges, ranging from site selection to disease control. The integration of 

Remote Sensing (RS) and Geographic Information Systems (GIS) has emerged as a game-

changing approach in addressing these challenges, offering unparalleled insights into 

aquaculture operations. This article explores the principles, applications, and latest 

advancements in RS and GIS in the realm of aquaculture. 

Principles of Remote Sensing and GIS in Aquaculture 

Remote Sensing (RS): RS involves collecting data from a distance using various sensors, such 

as satellites, drones, and aircraft. These sensors capture electromagnetic radiation, allowing the 

creation of detailed images and data about the Earth's surface. RS offers several key principles 

when applied to aquaculture: 

1. Spectral Signatures: Different aquatic features, such as water bodies, submerged 

vegetation, and aquafarm structures, exhibit unique spectral signatures. RS sensors can 

capture and analyze these signatures to identify and monitor specific features. 

2. Temporal Resolution: RS enables frequent data collection, providing insights into 

dynamic changes in aquaculture environments. This is crucial for monitoring water 

quality, growth rates, and disease outbreaks. 

3. Spatial Resolution: RS systems can capture imagery at varying levels of detail, aiding 

in the identification of small-scale features within aquafarms and their surroundings. 
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Geographic Information Systems (GIS): GIS is a technology that integrates spatial data, 

enabling users to visualize, analyze, and interpret relationships between different geographical 

features. When applied to aquaculture, GIS principles include: 

1. Data Integration: GIS allows the integration of diverse spatial datasets, such as water 

quality maps, topographic information, and farm layout. This integration enhances 

decision-making by considering multiple factors simultaneously. 

2. Spatial Analysis: GIS tools enable spatial analysis, including overlaying different 

layers to identify suitable aquafarm sites, assessing potential environmental impacts, 

and planning efficient transportation routes for harvested products. 

3. Modeling: GIS facilitates the creation of predictive models for aquaculture operations. 

These models consider factors like water temperature, nutrient levels, and species 

preferences to optimize growth and minimize risks. 

 

Certainly, here are some practical examples showcasing the application of Remote Sensing 

(RS) and Geographic Information Systems (GIS) in various aspects of aquaculture: 

1. Site Selection: RS data can be used to assess potential aquaculture sites based on factors 

like water quality, proximity to markets, and accessibility. GIS can overlay these data layers to 

identify suitable locations. For instance, satellite imagery can help determine areas with proper 

water salinity and temperature for specific species. GIS can then analyze proximity to 

transportation routes and local markets, aiding in optimal site selection. 

2. Water Quality Monitoring: RS sensors can measure parameters like water temperature, 

turbidity, and chlorophyll levels. GIS can create maps showing water quality variations over 

time. If an aquafarm is cultivating a sensitive species, RS data can alert farmers to unfavorable 

water quality changes, and GIS can visualize these changes spatially, allowing prompt 

corrective actions. 

3. Disease Management: RS can detect changes in water conditions and organism behavior, 

signaling potential disease outbreaks. GIS can map disease-prone areas based on these changes 

and existing factors like water currents. By integrating RS and GIS, farmers can develop 

predictive models for disease spread and deploy targeted management strategies. 

4. Habitat Mapping: RS imagery can provide insights into underwater topography and 

substrate composition. GIS can use this information to create habitat suitability maps for 

aquaculture species. For example, if a farm aims to cultivate oysters, GIS can identify areas 

with optimal substrate for oyster growth, enhancing overall production. 
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5. Growth Monitoring and Feeding Practices: RS can estimate biomass by capturing the 

extent of aquafarms through satellite imagery or drones. Integrating this data into GIS allows 

farmers to monitor growth rates and adjust feeding practices accordingly. If a certain area of 

the farm shows higher growth rates, GIS can help allocate resources for maximum efficiency. 

6. Environmental Impact Assessment: RS can track changes in land use and vegetation cover 

around aquafarms. GIS can then analyze these changes in relation to potential environmental 

impacts. If an expansion of an aquafarm could lead to deforestation or increased pollution, GIS 

can help assess the ecological consequences. 

7. Harvest Planning and Logistics: RS and GIS can assist in optimizing harvest schedules 

and transportation logistics. By analyzing road networks, transportation routes, and market 

locations, GIS can suggest the most efficient way to transport harvested products, minimizing 

costs and time. 

8. Climate Resilience: RS data can monitor sea surface temperatures and ocean currents. GIS 

can integrate this information with historical climate data to predict changes. If warming trends 

are detected, farmers can modify aquaculture practices to ensure species resilience. 

9. Regulatory Compliance: RS imagery can document the state of aquafarms over time. GIS 

can organize and manage this data, aiding in compliance reporting to regulatory bodies. This 

ensures that aquafarm operations adhere to environmental standards. 

10. Real-time Monitoring and Decision-making: RS sensors and IoT devices can provide 

real-time data on parameters like oxygen levels and pH. GIS platforms can process this data 

and create dynamic maps, allowing aquafarm managers to make quick decisions to maintain 

optimal conditions for aquatic organisms. 

In essence, the integration of RS and GIS in aquaculture spans various stages of planning, 

management, and sustainability. These technologies offer practical solutions to challenges in 

site selection, disease control, growth optimization, and environmental stewardship, ensuring 

the growth of a thriving and sustainable aquaculture industry. 

Applications of RS and GIS in Aquaculture 

1. Site Selection and Planning: RS data, combined with GIS, aids in identifying optimal 

locations for aquafarming based on factors such as water quality, proximity to markets, 

and environmental sensitivity. This ensures sustainable practices from the outset. 

2. Water Quality Monitoring: RS sensors can assess water parameters like temperature, 

turbidity, and chlorophyll concentration over large areas. GIS tools integrate this data 

to create real-time maps, enabling farmers to respond promptly to any deviations. 
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3. Disease Detection and Management: RS captures changes in water quality and 

organism behavior that may indicate disease outbreaks. GIS-based risk maps help 

farmers implement targeted management strategies to control diseases. 

4. Habitat Mapping: GIS helps map physical and biological features of aquatic 

environments, guiding the creation of ideal habitats for aquaculture species by 

mimicking natural conditions. 

5. Growth Monitoring and Feed Management: RS-derived biomass estimates, 

combined with GIS data, optimize feeding schedules and practices, reducing wastage 

and maximizing growth rates. 

6. Environmental Impact Assessment: RS and GIS tools assess aquaculture's impact on 

ecosystems by monitoring changes in land use, water quality, and vegetation cover, 

ensuring sustainable practices. 

Latest Advancements in RS and GIS in Aquaculture 

1. High-Resolution Satellite Imagery: Advancements in satellite technology offer 

higher spatial resolutions, enabling detailed monitoring of aquafarms and their 

surroundings. This enhances precision in site selection, disease detection, and growth 

monitoring. 

2. Hyperspectral Imaging: Hyperspectral sensors capture a wide range of 

electromagnetic wavelengths, allowing for more accurate identification of aquatic 

features and early disease detection based on unique spectral signatures. 

3. Machine Learning and AI Integration: RS and GIS data, when coupled with machine 

learning and AI algorithms, enhance predictive modeling. These algorithms analyze 

complex interactions to forecast growth, disease outbreaks, and environmental impacts 

more accurately. 

4. Real-time Monitoring: IoT devices and RS sensors provide real-time data streams, 

enabling instant monitoring of water quality, feed consumption, and growth rates. GIS 

platforms process and visualize this data in actionable ways. 

5. Mobile GIS Applications: Mobile GIS apps allow aquafarm managers to access and 

analyze spatial data on the go. This facilitates immediate decision-making, even in 

remote locations. 

 

Satellites Used in Remote Sensing for Aquaculture: 
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1. Landsat Series: Landsat satellites provide multispectral imagery with various spatial 

resolutions. They are often used for land cover classification, water quality assessment, 

and monitoring changes in aquatic environments. 

2. Sentinel Series: Part of the European Space Agency's Copernicus program, Sentinel 

satellites offer free high-resolution imagery. Sentinel-2, in particular, is valuable for 

monitoring water quality and detecting changes in aquafarming areas. 

3. MODIS (Moderate Resolution Imaging Spectroradiometer): MODIS sensors on 

board satellites like Aqua and Terra provide data for monitoring ocean color, sea 

surface temperature, and primary productivity, all of which are relevant to aquaculture. 

4. WorldView Series: High-resolution satellites like WorldView-3 and WorldView-4 

offer detailed imagery for site selection, habitat mapping, and monitoring aquafarming 

facilities. 

5. AquaSat: A specialized satellite dedicated to monitoring global aquaculture areas. It 

provides information on water properties, including chlorophyll-a concentration, 

suspended sediment, and colored dissolved organic matter. 

6. PlanetScope: A constellation of small satellites providing daily high-resolution 

imagery, useful for tracking dynamic changes in aquaculture sites and their 

surroundings. 

Software Used in GIS for Aquaculture Research: 

1. ArcGIS: One of the most widely used GIS software packages, ArcGIS by Esri offers 

a comprehensive suite of tools for spatial analysis, data visualization, and map creation. 

It's used for various aquaculture applications, including site selection and 

environmental impact assessment. 

2. QGIS: An open-source GIS software, QGIS provides a user-friendly platform for data 

analysis, mapping, and geospatial modeling. It's often used by researchers and smaller 

organizations for aquaculture-related tasks. 

3. GRASS GIS: Another open-source GIS software, GRASS GIS is renowned for its 

advanced geospatial analysis capabilities. It's suitable for more complex aquaculture 

research projects that require in-depth spatial modeling. 

4. ENVI: A software suite specifically designed for remote sensing analysis. ENVI offers 

tools for processing and analyzing satellite imagery, making it valuable for tasks like 

water quality monitoring and land cover classification. 
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5. ERDAS IMAGINE: A comprehensive remote sensing software for processing, 

analyzing, and visualizing imagery from various sensors. It's used for advanced remote 

sensing applications in aquaculture research. 

6. Google Earth Engine: A cloud-based platform that allows researchers to analyze and 

visualize satellite imagery and geospatial data. It's useful for large-scale data processing 

and time-series analysis in aquaculture studies. 

7. R for GIS: Researchers can combine the statistical power of R with GIS functionality 

using various packages, like sf, for spatial data analysis, making it a versatile option for 

advanced aquaculture research. 

8. GlobalMapper: A user-friendly GIS software known for its easy-to-use interface and 

extensive format support. It's used for tasks ranging from digitizing maps to generating 

3D terrain models for aquaculture planning. 

These satellites and software tools provide researchers and practitioners in the field of 

aquaculture with the means to collect, analyze, and visualize geospatial data, leading to more 

informed decisions and sustainable management practices. 

Conclusion 

Remote Sensing and Geographic Information Systems have ushered in a new era of precision 

and efficiency in aquaculture management. By harnessing the principles of RS and GIS, 

aquafarmers can make informed decisions about site selection, water quality, disease 

management, and growth optimization. With ongoing advancements in technology, these tools 

continue to evolve, shaping the future of sustainable and productive aquaculture practices. As 

the global demand for aquatic products rises, the integration of RS and GIS ensures that 

aquaculture meets these demands while minimizing environmental impact. 
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