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ABSTRACT 

Aquaculture output has grown by over 35% in the past decade, yet field reports indicate that nearly 

20% of expected growth is lost each cycle due to insufficient monitoring and inaccurate estimation. 

Despite steady production increases, the absence of reliable automated prediction systems limits farm 

efficiency. Traditional methods, which involve manually capturing fish to estimate length and weight, 

are slow, inconsistent, and highly sensitive to operator skill. Frequent handling also disturbs the pond 

environment, stressing fish and affecting growth behavior. These challenges make continuous 

monitoring difficult, especially under rapidly changing environmental conditions. Real-world 

applications such as adaptive feeding, early detection of growth deviations, and dynamic 

environmental adjustments require real-time, accurate prediction support. Current systems largely rely 

on linear regression models, basic regression techniques, or manually engineered features from simple 

sensors, which struggle to capture the nonlinear patterns inherent in aquaculture. To address this, we 

propose ConvETR, a regression framework combining a Convolutional Neural Network (CNN) with 

an Extra Trees Regressor (ETR), designed to process continuous visual sensor streams rather than 

static images. The CNN extracts meaningful temporal–spatial features, capturing density variations, 

movement behavior, and subtle water-column cues related to growth, while the ETR stabilizes 

predictions by handling noise and nonlinear relationships. This integrated, non-intrusive approach 

improves accuracy, enables real-time decisions, and offers a scalable solution for modern IoT-enabled 

aquaculture systems requiring reliable fish-growth regression. 

Keywords: Fish growth, aquaculture, spatial features, convolutional neural network, early 

identification. 
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1. INTRODUCTION 

The global demand for aquatic products has 

positioned aquaculture as a cornerstone of 

food security and environmental sustainability 

[4]. Among the various methodologies, 

Aquaponics the symbiotic integration of 

aquaculture (raising aquatic animals) and 

hydroponics (cultivating plants in water) has 

emerged as a highly efficient, closed-loop 

system. However, the viability of these 

systems depends on a delicate biological 

equilibrium between fish, plants, and nitrifying 

bacteria. As established in contemporary 

research, the quality of water directly affects 

the rate of growth, the efficiency of feed, and 

the overall health of the entire ecosystem [10]. 

Minor fluctuations in parameters such as 

Dissolved Oxygen (DO), pH levels, and 

nitrogenous compounds (Ammonia, Nitrate, 

and Nitrite) can lead to catastrophic system 

failure. Despite the benefits of aquaponics, 

many practitioners face a "knowledge gap" 

regarding species selection, as different fish 

and plant pairings have highly specific, and 

often conflicting, water quality requirements. 
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Figure 1 shows the fish growth (fish 

production) across all Indian states in 2025, 

measured in million tonnes. It highlights that 

Andhra Pradesh is the largest contributor with 

5 million tonnes, shown in the darkest shade. 

Other major fish-producing states include 

West Bengal (1 million tonnes), Odisha (0.921 

million tonnes), Gujarat (0.883 million 

tonnes), and Tamil Nadu (0.883 million 

tonnes). States like Uttar Pradesh (0.55), 

Assam (0.45), Bihar (0.5), and Karnataka 

(0.685) also make moderate contributions. 

Meanwhile, smaller and hilly states such as 

Himachal Pradesh, Uttarakhand, Sikkim, 

Mizoram, and Nagaland report very low 

production ranging between 0.001 and 0.04 

million tonnes. 

 

 Figure 1. Fish growth in every Indian 

state in million tonnes. 

India’s total fish production in 2025 is 19.5 

million tonnes, as indicated at the bottom of 

the map. Many central and northern states, 

such as Rajasthan (0), Haryana (0), and Delhi 

(0), show negligible or no fish production. 

Coastal regions and river-rich eastern states 

dominate the map due to favorable aquaculture 

environments. By improving infrastructure, 

promoting IoT-based monitoring, and 

providing training to farmers, India can further 

strengthen its fish production and move 

toward self-sufficiency while creating more 

economic opportunities in rural areas. 

2. LITERATURE SURVEY 

Recent advancements in aquaculture have 

shifted from manual oversight to data-driven 

management. Research in this domain 

primarily focuses on integrating Internet of 

Things (IoT) sensors with Deep Learning (DL) 

architectures to enhance productivity and 

environmental sustainability. 

2.1 Fish Growth and Biomass Estimation 

Accurate biomass estimation is critical for 

feeding optimization and harvest planning. 

Shaikh et al. [1] developed a Convolutional 

Neural Network (CNN) model to estimate fish 

length and weight by analyzing real-time IoT 

data, including water temperature and 

dissolved oxygen. This approach addresses the 

limitations of manual sampling, which is often 

stressful for the fish. Similarly, An-Qi et al. [4] 

identified growth prediction as a cornerstone 

of food security, noting that while DL models 

show promise, challenges remain in model 

generalization across different aquatic species 

and environments. 

2.2 Intelligent Water Quality Management 

Maintaining optimal water parameters is the 

primary challenge in intensive farming. 

Alghamdi et al. [2] explored the 

transformation of Biofloc Technology (BFT) 

into "smart" systems using AI analytics to 

manage microbial communities and stabilize 

water fluctuations. For specific parameter 

prediction, Shete et al. [8] proposed a hybrid 

CNN-Self Attention (SA)-Bidirectional 

Simple Recurrent Unit (BISRU) model, 

achieving an R2 of 0.9765 for dissolved 

oxygen (DO) estimation. 

Other researchers have focused on ensemble 

methods; Mousa et al. [7] compared various 

regression techniques, finding that ensemble 
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approaches (Random Forest and XGBoost) 

provided the most proactive decision-making 

capabilities. Furthermore, Palanikkumar et al. 

[10] emphasized that IoT-based smart water 

monitoring is essential for managing the 

complex symbiotic relationships in aquaponics 

systems, where water quality directly impacts 

fish, plants, and bacterial health. 

2.3 Health, Behavior, and Disease Diagnosis 

The transition from hand-crafted features to 

automated health monitoring has been a major 

trend. Kheriji et al. [3] conducted a 

comprehensive survey on DL-based 

multimodal health diagnosis, arguing that 

fusing visual imagery with behavioral signals 

provides a more robust framework than 

traditional manual inspections. In terms of 

behavioral classification, Janani et al. [11] 

introduced a region-based CNN optimized by 

Fish Swarm Optimization (FSO) to recognize 

"behavioral states" like aggression or resting, 

achieving a 94% accuracy rate. This real-time 

monitoring is further supported by AI-enabled 

decision-support systems that identify 

deviations from optimal conditions and alert 

farmers instantly [13]. 

2.4 Sustainability, Waste, and Ecological 

Impact 

Beyond farm management, AI is being applied 

to the broader value chain and ecological 

conservation. Huang et al. [6] demonstrated 

the use of a 12-layer Deep Neural Network 

(DNN) to optimize the drying of fish by-

products, reducing energy consumption by 

35% and supporting waste valorization. 

However, technological optimism is balanced 

by research into environmental stressors. 

Wang et al. [14] utilized meta-analysis to 

show that microplastic (MP) exposure 

significantly inhibits growth and survival, 

while Islam et al. [15] highlighted the urgent 

need for better monitoring of hormonal 

residues in fish flesh, which pose significant 

risks to human consumers. These studies 

underscore the necessity of integrating 

ecological monitoring such as the Hybrid 

Machine Learning Strategy (HMLS) proposed 

by Xu et al. [9] to ensure the long-term 

sustainability of aquatic ecosystems. 

3. PROPOSED SYSTEM 

The proposed fish growth deep regression 

system as shown in Fig. 2 integrates IoT-based 

water quality data with a hybrid CNN–ETR 

model to accurately predict fish length and fish 

weight. Unlike existing linear, ridge, and lasso 

regression methods that assume simple linear 

relationships, the proposed approach captures 

complex non-linear interactions between 

environmental parameters and biological 

growth. Sensor data is processed, analyzed, 

and modeled through deep feature extraction 

using a CNN, while the ETR performs robust 

regression on the extracted features. The final 

system is deployed as a desktop application 

using Tkinter, enabling users to input real-time 

data and obtain reliable fish growth 

predictions. 

The dataset contains time-based aquaculture 

sensor data such as temperature, turbidity, 

dissolved oxygen, ph, ammonia, nitrate, and 

population details, along with fish growth 

indicators like fish length (cm) and fish weight 

(g) as target variables. The data is first pre-

processed by removing duplicates, handling 

missing values, and scaling numerical features 

to ensure consistent model learning. 

Exploratory Data Analysis (EDA) is then 

performed to understand data distribution and 

identify relationships between environmental 

factors and fish growth. Initially, Linear 

Regression is used as a baseline model but 

struggles with complex patterns. Ridge 

Regression improves stability by reducing 

multicollinearity through L2 regularization, 

while Lasso Regression performs feature 

selection using L1 regularization but still has 

limitations in capturing non-linear 

relationships. 
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Figure 2. Proposed system architecture. 

To overcome these issues, the proposed 

ConvETR model combines CNN for deep 

feature extraction with Extra Trees Regressor 

for ensemble-based prediction, enabling better 

learning of complex growth patterns. The 

models are compared using regression metrics 

such as MAE, MSE, RMSE, and R² score, 

where ConvETR achieves superior accuracy 

and robustness. Finally, the trained model is 

tested on unseen data to predict fish length and 

weight, and the complete system is integrated 

into a Tkinter-based desktop application that 

allows users to input water quality parameters 

and obtain real-time fish growth predictions. 

4. RESULTS ANALYSIS 

Figure 3 presents a combined visualization of 

feature relationships and data variability in the 

aquaponics dataset, where the correlation 

heatmap on the left illustrates the strength and 

direction of relationships among 

environmental and biological parameters, and 

the box plot on the right highlights the 

distribution of fish weight along with potential 

outliers. From the heatmap, fish length and 

fish weight exhibit a very strong positive 

correlation (0.91), indicating that increases in 

fish length are strongly associated with 

increases in fish weight, while nitrate 

concentration also shows a strong positive 

correlation with fish length (0.74) and fish 

weight (0.53), suggesting its importance in 

fish growth.   

 

Figure 3. Visualization of feature relationships 

and data variability. 

Turbidity demonstrates moderate positive 

correlations with fish length (0.51) and nitrate 

(0.54), whereas pH shows a moderate negative 

relationship with fish weight (−0.59), 

indicating that higher pH levels may adversely 

affect weight gain. Other parameters such as 

temperature and ammonia show weak 

correlations with growth metrics, implying a 

relatively smaller influence under the observed 

conditions. The box plot reveals that while 

most fish weight values are concentrated 

within a moderate range, several high-value 

outliers are present, indicating variability in 

growth and the occurrence of unusually large 

fish, which may result from biological 

diversity or favorable localized conditions 

within the system. 
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Figure 4. Fish weight scatter plot using the 

ConvETR 

Figure 4 shows the actual vs. predicted fish 

weight results using the ConvETR model, 

where blue dots represent individual 

predictions and the red dashed line indicates 

the ideal one-to-one prediction line. The points 

are tightly clustered along the reference line 

across the entire weight range, demonstrating 

an excellent agreement between actual and 

predicted values. Compared to linear, Lasso, 

and Ridge regression plots, this figure exhibits 

significantly less dispersion and minimal 

deviation from the ideal line, indicating very 

low prediction error and strong generalization 

capability. Even at higher weight values, the 

predictions remain highly accurate with only 

minor variance, highlighting the model’s 

ability to capture complex and nonlinear 

relationships in the data.  

 

 

Figure 5. Prediction on sample test data. 

Overall, the visualization confirms the 

superior performance of the ConvETR model 

for fish weight prediction, consistent with its 

high R² score and low error metrics. Figure 5 

illustrates the prediction framework for 

sustainable aquaponics fish farming using real-

time environmental and population data 

collected at regular intervals. The dataset 

includes parameters such as water 

temperature, ammonia concentration, nitrate 

levels, and fish population, which together 

influence fish growth prediction. As shown in 

Figure 5, the water temperature remains 

relatively stable in the range of 23.75°C to 

25.31°C, creating suitable thermal conditions 

for fish health. Ammonia levels vary from 

approximately 4.55 g/ml to 20.54 g/ml, while 

nitrate concentrations show wider fluctuations, 

increasing from about 96 g/ml to nearly 114 

g/ml across different timestamps. The fish 

population is consistently maintained at 50, 

indicating controlled stocking density. These 

continuously logged parameters are fed into 

the prediction framework to estimate growth-

related outcomes, enabling timely monitoring 

of water quality, early detection of stress 

conditions, and data-driven decision-making 

for sustainable aquaponics management. 

5. CONCLUSION 

The proposed ConvETR-driven aquaponics 

monitoring framework demonstrates a highly 

effective and intelligent approach for 

predicting fish growth while maintaining 

sustainable water quality management. 

Experimental results show that traditional 

regression models such as linear, Lasso, and 

ridge achieve moderate performance, with fish 

length prediction MAE values around 2.09–

2.10 cm and R² scores near 0.72, while fish 

weight prediction shows higher errors with 

MAE values of approximately 18.26 g and R² 

scores around 0.62. In contrast, the proposed 

ConvETR model significantly outperforms 
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these methods, achieving an exceptionally low 

MAE of 0.0739 cm and RMSE of 0.2498 cm 

for fish length prediction, along with a high R² 

score of 0.9975. Similarly, for fish weight 

prediction, the ConvETR model achieves an 

MAE of 0.6748 g, an RMSE of 2.9725 g, and 

an R² score of 0.9957, demonstrating near-

perfect prediction accuracy. These results 

confirm that the ConvETR model effectively 

captures complex, non-linear relationships 

between water quality parameters and fish 

growth, which are not adequately modeled by 

traditional regression techniques. By 

integrating real-time sensor data with 

advanced deep learning, the system supports 

accurate growth forecasting, efficient nutrient 

utilization, and continuous water recirculation 

in aquaponics systems. So, the framework 

enhances decision-making for fish farmers, 

reduces manual intervention, and promotes 

environmentally sustainable aquaculture 

practices through data-driven intelligence. 
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