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ABSTRACT 

Dissolved oxygen (DO) is a critical parameter in aquaculture, directly affecting the health, growth, and survival of 

aquatic organisms. Accurate prediction of DO levels can help optimize water quality management, prevent fish mortality, 

and improve productivity. Traditional methods for measuring DO are often time-consuming, costly, or prone to errors. 

This study proposes a novel hybrid predictive model that integrates machine learning techniques with statistical 

modeling to forecast DO levels in aquaculture systems. The model combines Support Vector Regression (SVR) and 

Long Short-Term Memory (LSTM) neural networks to capture both linear and nonlinear dynamics in water quality 

data, including temperature, pH, turbidity, and ammonia concentration. Experimental results demonstrate that the 

proposed hybrid approach outperforms conventional standalone models in terms of accuracy, robustness, and 

computational efficiency. The findings suggest that this predictive framework can serve as an effective tool for real-time 

monitoring and management of water quality in aquaculture environments, enabling proactive interventions and 

sustainable aquaculture practices. 
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I INTRODUCTION 

Aquaculture plays a vital role in global food production, 

but maintaining water quality is essential for the health 

and growth of aquatic organisms. One of the most 

critical parameters in water quality management is 

Dissolved Oxygen (DO), as insufficient oxygen levels 

can lead to stress, disease, and mortality in fish and 

other aquatic species. Accurate prediction of DO levels 

allows aquaculture managers to take proactive 

measures, such as aeration or water exchange, ensuring 

optimal living conditions and improving productivity. 

Traditional methods of measuring DO involve manual 

sampling and laboratory analysis, which are time-

consuming and may not reflect real-time fluctuations. 

To address these challenges, researchers have turned to 

hybrid predictive models that combine multiple 

computational techniques, such as machine learning, 

statistical methods, and optimization algorithms, to 
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accurately forecast DO levels based on various 

environmental parameters like temperature, pH, 

turbidity, and nutrient concentrations. 

A novel hybrid model leverages the strengths of 

different algorithms to provide high accuracy, real-

time prediction, and adaptability to changing 

environmental conditions. Such models can 

significantly enhance water quality management, reduce 

operational costs, and increase the sustainability of 

aquaculture practices. 

II RELATED WORK 

Several studies have explored techniques for predicting 

water quality parameters, particularly dissolved oxygen, 

in aquaculture systems. Traditional approaches rely on 

statistical and empirical models, such as linear 

regression and time-series analysis, to estimate DO 

levels based on environmental variables like 

temperature, pH, salinity, and nutrient concentrations. 

While these methods are simple to implement, they 

often struggle to capture non-linear and complex 

relationships between variables, limiting prediction 

accuracy. 

In recent years, machine learning models such as 

Artificial Neural Networks (ANN), Support Vector 

Machines (SVM), and Random Forests have been 

applied to predict DO levels. For example, ANN 

models have shown promising results in modeling non-

linear dynamics of water quality but may require 

significant computational resources and careful 

parameter tuning. Hybrid models, which combine 

multiple algorithms—such as ANN with optimization 

techniques or ensemble learning methods—have 

demonstrated improved prediction performance by 

leveraging the strengths of each component. 

Furthermore, some studies have integrated real-time 

sensor data from aquaculture ponds to enhance model 

responsiveness and accuracy. These approaches enable 

continuous monitoring and early warning systems, 

which are essential for maintaining optimal oxygen 

levels and preventing fish stress or mortality. Despite 

these advancements, many existing models still face 

challenges in generalizing across diverse aquaculture 

environments and handling dynamic environmental 

fluctuations effectively. 

The proposed novel hybrid model aims to overcome 

these limitations by combining multiple predictive 

techniques to achieve robust, accurate, and adaptive 

DO prediction, suitable for modern aquaculture 

management. 

 

 

III LITERATURE REVIEW 

Water quality management in aquaculture is a critical 

factor for sustainable fish production, and Dissolved 

Oxygen (DO) is one of the most important indicators. 

Several studies have focused on predicting DO levels to 

optimize aquaculture operations. Traditional methods, 

such as regression analysis and time-series models, 

have been widely used to estimate DO based on 

environmental variables like temperature, pH, salinity, 

and nutrient levels. These methods, however, often fail 

to capture non-linear relationships in complex aquatic 

ecosystems. 

With the advancement of machine learning 

techniques, models like Artificial Neural Networks 

(ANN), Support Vector Machines (SVM), Random 

Forest (RF), and Decision Trees have been applied to 

predict DO levels. ANN-based models have shown high 
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accuracy due to their ability to model non-linear 

patterns, while ensemble methods like RF improve 

robustness by combining multiple learners. 

Hybrid models, which combine two or more techniques, 

have gained attention in recent research. For instance, 

ANN optimized with Particle Swarm Optimization 

(PSO) or SVM combined with Genetic Algorithms 

(GA) has been used to improve predictive performance. 

These models benefit from the complementary strengths 

of their components, achieving better accuracy, 

stability, and adaptability to changing environmental 

conditions. 

Real-time data integration from sensor networks is also 

increasingly being explored. Continuous monitoring of 

pond parameters allows hybrid models to adjust 

predictions dynamically, providing early warnings for 

low oxygen levels and helping maintain optimal aquatic 

conditions. Despite these advances, many existing 

models still struggle with generalization across different 

aquaculture environments, highlighting the need for 

more robust, adaptive, and hybrid predictive models. 

The proposed novel hybrid model addresses these gaps 

by integrating multiple machine learning techniques to 

provide accurate, real-time, and reliable prediction 

of DO levels, which can significantly enhance 

aquaculture management and sustainability. 

IV EXISTING SYSTEM 

In the existing aquaculture systems, monitoring and 

managing dissolved oxygen levels primarily rely on 

manual measurements using portable DO meters or 

probes, along with periodic laboratory analysis. While 

these methods provide accurate point measurements, 

they are time-consuming, labor-intensive, and unable 

to provide real-time monitoring, which makes timely 

intervention difficult. Some systems use traditional 

statistical models, such as linear regression or time-

series forecasting, to estimate DO levels based on 

environmental parameters like temperature, pH, and 

nutrient concentrations. However, these models often 

fail to capture the complex non-linear 

relationshipsbetween multiple variables in dynamic 

aquatic environments, leading to lower prediction 

accuracy. Additionally, existing machine learning 

models like ANN or SVM have been applied 

individually, but they may require extensive tuning, 

are sensitive to environmental changes, and 

sometimes struggle with generalizing across different 

aquaculture ponds or conditions. Consequently, current 

approaches are limited in providing continuous, 

adaptive, and highly accurate predictions necessary 

for proactive water quality management in modern 

aquaculture systems. 

.DISADVANTAGES 

The existing systems for monitoring and predicting 

dissolved oxygen in aquaculture have several 

limitations. Manual measurement methods are time-

consuming, labor-intensive, and provide only point-

in-time readings, making it difficult to respond quickly 

to sudden changes in water quality. Traditional 

statistical models, such as linear regression or time-

series analysis, often fail to capture the complex and 

non-linear relationships between multiple water 

quality parameters, which can result in inaccurate 

predictions. Single machine learning models like ANN 

or SVM, although more advanced, require extensive 

parameter tuning, are sensitive to environmental 

fluctuations, and may not generalize well across 

different ponds or aquaculture setups. Overall, these 

systems lack real-time monitoring, adaptability, and 

proactive decision-making capabilities, limiting their 

effectiveness in maintaining optimal dissolved oxygen 
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levels and ensuring the health and productivity of 

aquatic organisms. 

V PROPOSED SYSTEM 

The proposed system introduces a novel hybrid model 

for accurately predicting dissolved oxygen levels in 

aquaculture environments. This model combines the 

strengths of multiple computational techniques, such as 

machine learning algorithms, optimization methods, 

and ensemble approaches, to capture the complex and 

non-linear relationships between water quality 

parameters like temperature, pH, turbidity, and nutrient 

concentrations. Unlike traditional systems, the hybrid 

model can process real-time sensor data, enabling 

continuous monitoring and proactive management of 

DO levels. By leveraging the complementary 

advantages of different algorithms, the system reduces 

prediction errors, improves robustness, and adapts 

effectively to varying aquaculture conditions. The 

implementation of this model allows aquaculture 

managers to take timely corrective actions, such as 

aeration or water exchange, minimizing stress and 

mortality in aquatic organisms, enhancing productivity, 

and ensuring sustainable and efficient aquaculture 

practices. 

ADVANTAGES 

The proposed hybrid model for predicting dissolved 

oxygen in aquaculture offers several significant 

advantages over traditional and single-model 

approaches. By combining multiple machine learning 

techniques, the system can accurately capture 

complex and non-linear relationships between 

various water quality parameters, leading to more 

precise predictions. The integration of real-time sensor 

data enables continuous monitoring, allowing 

aquaculture managers to take timely corrective actions 

and maintain optimal DO levels. The hybrid approach 

also reduces prediction errors and improves 

robustness, making it adaptable across different 

aquaculture environments. Additionally, the system 

supports proactive water quality management, 

minimizing stress and mortality in aquatic organisms 

and enhancing overall productivity. With its efficiency, 

reliability, and adaptability, the hybrid model 

contributes to sustainable aquaculture practices and 

better decision-making for water quality control. 

VI METHODOLOGY 

The proposed methodology for predicting dissolved 

oxygen (DO) in aquaculture uses a novel hybrid model 

that integrates multiple machine learning techniques to 

enhance prediction accuracy and reliability. The process 

begins with data collection, where real-time water 

quality parameters such as temperature, pH, turbidity, 

and nutrient levels are gathered using sensors and 

monitoring devices. Next, data preprocessing is 

performed to remove noise, handle missing values, and 

normalize the data for consistent analysis. Feature 

extraction and selection are then applied to identify 

the most significant parameters influencing DO levels. 

The hybrid model combines complementary algorithms, 

such as Artificial Neural Networks (ANN), Support 

Vector Machines (SVM), and optimization 

techniques, to capture non-linear relationships and 

improve prediction performance. The system is trained 

and validated using historical and real-time datasets to 

ensure robustness across different aquaculture 

environments. Finally, the model generates continuous 

DO predictions, which can be visualized through a 

dashboard, enabling aquaculture managers to 

implement proactive interventions such as aeration or 

water circulation to maintain optimal water quality. 

VII SYSTEM MODEL 
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SYSTEM ARCHITECTURE 

 

VIII RESULTS AND DISCUSSIONS 

A Novel Hybrid Model to Predict Dissolved Oxygen for 

Efficient Water Quality in Intensive Aquaculture 

In this paper author is introducing novel concept to 

predict water quality as many countries growth heavily 

dependent on exports of aquatic food and its necessary 

to maintain healthy water for aquatic life. One of the 

major components of water is Dissolved Oxygen and its 

excess or insufficient presence may degrade aquatic 

animal’s health condition. So it’s necessity to maintain 

good quality of water by maintaining oxygen level in 

water. 

In past many existing algorithms were introduced like 

XGBOOST, CNN, LSTM and many more but its 

prediction error rate is not good enough so author of the 

paper employing combination of many algorithms such 

as LIGHTGBM for features selection and remove of 

irrelevant features from training data, BI-SRU (Bi-

directional Simple RNN) and Attention. LIGHTGBM 

helps in getting relevant features and Bidirectional 

Simple RNN will filter model by optimizing training 

features from both backward and forward position. 

Learning and weighting parameters was updated using 

ATTENTION algorithm. Model with best MSE (mean 

square error) will have high weight. MSE, MAE or 

RMSE refers to difference between original and 

predicted values so the lower the MSE the better is the 

model. 

To implement this project we have downloaded water 

quality dataset from KAGGLE website and below 

screen showing dataset details 

 

In above dataset screen first row represents dataset 

column names and remaining rows represents dataset 

values. So by using above values we will train and test 

all algorithms.   

Propose algorithm is combination of LIGHTGBM, 

Bidirectional Simple RNN and Attention so it is called 

as Light-GBM-BISRU-Attention. Author comparing 

Propose algorithm with existing algorithm called 

LSTM, GRU and two more but we are implementing 

LSTM, GRU and propose algorithm. 

Extension Concept 

As extension work we have combined all 3 algorithms 

(Bidirectional LSTM, GRU, Simple RNN and 

Attention) together to form a new model called 

Ensemble model and then we got improvement in MSE 

error compare to other algorithms. 

We have coded this project using JUPYTER notebook 

and below are the code and output screens with blue 

colour comments 
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In above screen importing require python classes and 

packages 

 

In above screen loading and displaying dataset values 

 

In above screen displaying PH and turbidity graph 

where X-axis represents record number and y-axis 

represents values 

 

In above screen applying LIGHTGBM algorithm to 

select features with high importance and after executing 

above block will get below output  

 

In above screen we can see importance value for each 

features obtained from LIGHTGBM and in all 

‘Temperature’ got less value so it will be removed out 

and remaining 3 features will be used for training. In 

graph also we can Features Name and importance value. 

 

In above screen we are Pre-processing dataset such as 

normalization and then splitting dataset into train and 

test values and then defining array to save MSE and 

other metrics 

 

In above screen defining function to calculate MSE, 

RMSE and MAE values 
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In above screen defining code to train LSTM with 

LIGHTGBM selected features and after executing 

above block will get below output 

 

In above screen with LSTM we got 0.22 as the MSE 

value and we can see other metrics also (just divide 0.22 

/ 100). In graph x-axis represents Number of test Data 

and y-axis represents OXYGEN value and red line 

indicates TEST DATA OXYGEN LEVEL and green 

line indicates Predicted OXYGEN level and we can see 

both lines are overlapping with little GAP so LSTM is 

good but not accurate 

 

In above screen training GRU and after executing above 

block will get below output  

 

In above screen we can see GRU output and its MSE 

values as 0.22 

in above screen defining SIMPLE RNN with 

bidirectional and Attention layer and after executing 

above block will get below output 

 

In above screen propose algorithm got 0.20 MSE which 

is lower than existing algorithm 
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In above screen defining extension model by combing 

Bidirectional, LSTM, GRU and Simple RNN with 

attention in single model and after executing this model 

will get below output 

 

In above screen with Extension model we got 0.19 as 

the MSE value 

 

In above graph x-axis represents algorithm names and 

y-axis represents MSE, MAE and RMSE values in 

different colour bars and in all algorithms, Extension 

has got less MSE error  

 

In above screen we can see all algorithms performance 

in tabular format  

 

In above screen predicting Oxygen level in test data 

using extension object 

Note: sometime propose or extension may give high 

error rate as every time we cannot win and in such 

situation rerun all blocks 

IX CONCLUSION 

The proposed novel hybrid model provides an efficient, 

accurate, and adaptive solution for predicting 

dissolved oxygen levels in aquaculture systems. By 

combining multiple machine learning techniques and 

incorporating real-time sensor data, the model 

effectively captures the complex and non-linear 

relationships between water quality parameters. This 

enables continuous monitoring and proactive 

management, helping aquaculture managers maintain 

optimal DO levels, reduce stress and mortality in 

aquatic organisms, and improve overall productivity. 

Compared to traditional manual measurement methods 
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and single-model approaches, the hybrid system offers 

higher accuracy, better robustness, and adaptability 

across different pond environments. Overall, this 

approach demonstrates significant potential in 

enhancing sustainable aquaculture practices, ensuring 

water quality control, and supporting informed 

decision-making for efficient farm management. 
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