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ABSTRACT 

This project proposes an innovative approach to managing aquatic habitats using iot-based solutions the system 

ensures uninterrupted supervision of water quality by leveraging digital environmental sensors that evaluate 

parameters such as pH levels temperature and turbidity a microcontroller-driven automatic feeding system delivers 

food at programmed intervals reducing both human intervention and overfeeding a smart alert mechanism is integrated 

to promptly inform caretakers when water metrics stray from healthy standards or when feed levels are critically low 

planned advancements include integrating solar energy for sustainable power consumption and deploying deep 

learning models like LSTM and GRU to forecast changes in aquatic conditions and identify atypical behavioural 

patterns in aquatic life through intelligent analytics and renewable energy use this system enables low-maintenance 

eco-friendly aquatic care and strengthens sustainable resource management practices. 

Keywords: IoT aquatic system monitoring, automated feed unit, environmental sensors, intelligent notifications,  

renewable energy, low-maintenance solutions. 

1. INTRODUCTION 

The field of aquatic farming has expanded rapidly and plays a critical role in addressing the growing global need for 

sustainable food production however conventional fish cultivation practices continue to rely on intensive manual 

oversight making them less scalable and more labour-heavy common challenges such as deteriorating water conditions 

inefficient feeding practices and delayed health detection contribute to high fish mortality and economic losses. 

Modern innovations including interconnected sensing systems automation and artificial intelligence offer smarter 

alternatives to traditional approaches this project introduces an intelligent aquaculture monitoring setup designed to 

observe aquatic parameters continuously regulate feeding schedules automatically and issue timely notifications for 

abnormal conditions important water indicators like pH balance temperature shifts and turbidity are measured through 

sensor arrays to maintain favourable aquatic environments a microcontroller-based dispensing unit supplies feed at 

predefined intervals reducing both waste and human intervention while ensuring the well-being of the fish population. 

An integrated alert mechanism promptly notifies caretakers of any decline in water quality or insufficient feed 

allowing quick response and minimizing losses plans for future upgrades involve solar integration to cut down energy 

costs and predictive modelling through algorithms such as long short-term memory LSTM and gated recurrent units 

GRU furthermore movement-based monitoring powered by artificial intelligence will help detect abnormal behaviour 

enabling early disease recognition by merging automation with real-time insights and prediction this system promotes 

efficiency eco-friendliness and scalable growth in aquaculture operations. 

2. METHODOLOGY 

In this work an intelligent system is introduced to support fish habitat maintenance through the use of automated care 

routines and digital sensing tools rather than managing feeding and habitat conditions separately the design unifies 

both aspects to ensure consistent aquatic health with minimal need for manual involvement. 
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2.1 System Architecture 

 

A centralized microcontroller-based framework has been developed to manage essential aquatic functions supported 

by a network of smart sensing units these units track key water indicators such as pH balance temperature fluctuations 

clarity levels and oxygen concentration in real time the system processes this incoming data autonomously adjusting 

operations without manual input additionally the feeding mechanism is calibrated to dispense food at optimal intervals 

based on both environmental metrics and behavioural patterns of the fish. 

2.2 Hardware and communication components 

This system employs a combination of resource-monitoring components including sensors that detect thermal changes 

and food quantity paired with a gsm-based alert unit for remote status communication a connected digital interface 

allows continuous oversight notifying caretakers instantly when aquatic metrics fall outside optimal ranges or when 

feed levels diminish all operational data is transmitted to a cloud repository supporting both real-time decisions and 

the examination of historical patterns over time. 

2.3 Integration of Predictive Analysis 

To reduce hands-on involvement and anticipate aquatic changes this approach applies memory-based ai systems 

capable of learning from time-sequenced sensor inputs by analyzing patterns in environmental data and fish behaviour 

models such as GRU and LSTM enable the system to detect early signs of imbalance and make informed feeding 

adjustments this predictive layer supports long-term aquatic health with minimal intervention. 

2.4  Sustainability and Energy Efficiency 

The system has been engineered for minimal energy consumption leveraging solar-based hardware to support off-grid 

operation emphasis is placed on sustainability enabling continuous function in isolated or energy-limited aquaculture 

setups this approach aligns with eco-friendly practices while ensuring dependable performance in long-term 

deployments. 

2.5 Research Gap Addressed 

Unlike conventional setups that treat feeding and environmental monitoring as separate tasks this framework 

emphasizes unified automation it enables synchronized control over both domains improving efficiency and 

responsiveness additionally by uncovering relationships between key parameters it supports predictive data-informed 

decisions and cost-effective ecological assessment. 

3. MODELING AND ANALYSIS 

A multifunctional system has been engineered to autonomously manage aquaculture tasks combining environmental 

sensing feeding logic remote interface access and predictive learning this section elaborates on the hardware layout 

and modeling workflow applied to validate the systems operation in real aquaculture settings. 
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3.1 System Architecture and Design 

The architecture includes modular segments that work harmoniously in synergy to provide ongoing habitat monitoring 

and smart feeding control a microcontroller serves as the main control unit in communication with a plurality of 

digital sensors for determining aquatic parameters like temperature pH turbidity and dissolved oxygen levels the 

microcontroller controls sensor-based servo-actuated feeding in accordance with sensor input and manages remote 

interface communication power sustainability is attained by integrating solar energy modules enabling the system to 

run effectively in off-grid or resource-constrained environments real-time data is communicated to a cloud server 

where it is stored visualized and analysed for trend identification and predictive control. 

3.2 Hardware and Material Specifications 

Component Model / Specification Function 

Microcontroller ESP32 / Arduino Uno Central processing and communication control 

pH Sensor Analog pH Sensor Kit Measurement of water acidity levels 

Temperature Sensor DS18B20 Monitoring of water temperature 

Turbidity Sensor SEN0189 / TSD-10 Assessment of water clarity 

Dissolved Oxygen Sensor Galvanic / Optical DO Sensor Detection of oxygen concentration in water 

GSM Module SIM800L / SIM900A Sends alerts via SMS for critical status updates 

Servo Motor SG90 / MG996R Operates the automatic feeding mechanism 

Solar Panel Module 6V/12V Solar Panel Provides renewable power for autonomous operation 

Cloud Platform Firebase / Flask Stores and visualizes real-time sensor data 

AI Algorithms LSTM, GRU (TensorFlow-based) Forecasts water quality and behavioural anomalies 

3.3 Analytical Modeling and Simulation 

The system follows a modular development approach where each hardware unit undergoes individual bench-scale 

evaluation prior to integration sensor calibration is carried out to ensure dependable performance under dynamic 

aquatic conditions custom firmware is developed using the Arduino IDE incorporating logic that triggers automated 

feeding and alerts based on predefined thresholds advanced data analysis is performed using deep learning models 

such as long short-term memory LSTM and gated recurrent unit GRU networks these models are trained with 

sequential data collected from the sensors to anticipate shifts in water parameters and detect irregularities in aquatic 

life behaviour the predictive outputs enhance the systems adaptability and contribute to maintaining a stable aquatic 

environment. 

3.4 Power Efficiency and Deployment Considerations 

The system is tailored to function with minimal energy demands utilizing solar harvesting as its primary source of 

power metrics are logged under varying operational states to validate endurance and efficiency over prolonged periods 

this energy-smart setup proves especially valuable in secluded aquaculture regions where regular electricity access is 

either limited or non-existent. 

4. RESULTS AND DISCUSSION 

This section details the experimental validation and performance evaluation of the above-mentioned IoT-based 

aquaculture management system several test runs were done to evaluate reliability in sensor reading efficiency of 

automatic feeding patterns of energy consumption and the predictive precision of combined machine learning models 

the system was installed in a controlled aquaculture tank under fluctuating water quality conditions presented to 

replicate field conditions results validated steady and precise readings in all sensors such as pH temperature turbidity 

and dissolved oxygen feeding automation responded appropriately to threshold thresholds and acted on real-time 

feedback without delay as far as accuracy in forecasting GRU and LSTM networks were trained using time-series data 

that was recorded over a period of 30 days GRU performed slightly better in predicting abrupt turbidity changes while 

LSTM performed better in identifying long-term trends in temperature fluctuation the system also had a low energy 

footprint with solar modules providing constant power during the testing phase this confirms the suitability of the 

system for remote or off-grid aquaculture systems. 
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Table 1. Sensor Reading Accuracy and Power Consumption Metrics 

SN Test Condition Avg. Sensor Accuracy (%) Prediction Accuracy (LSTM/GRU) Avg. Power Used (mW) 

1 Normal Conditions 98.2 87.5 / 88.9 240 

2 High Turbidity 97.6 84.3 / 90.2 260 

3 Low pH 96.9 86.4 / 88.0 250 

4 Temperature Spike 98.5 89.7 / 85.6 255 

5 Feed Level Drop 99.1 — 245 

the data presented in table 1 reflects how effectively the system performs across a range of test scenarios the feed-level 

detection module consistently issued timely alerts when levels fell below the 20 threshold both deep learning models 

demonstrated strong predictive capabilities with the GRU network showing a slight advantage in identifying rapid 

short-term variations overall the integration of real-time sensing automated control and predictive intelligence 

powered entirely by solar energy supports the practicality of this solution for reliable and eco-efficient aquaculture 

operations. 

5. CONCLUSION 

The envisioned IoT-based aquaculture management system effectively combines environmental monitoring automated 

feeding predictive analytics and renewable energy into an integrated framework real-time monitoring of key water 

parameters combined with smart feeding based on environmental signals exemplifies a remarkable decrease in human 

intervention and operational inefficiency deep learning algorithms such as LSTM and GRU further improve system 

performance by giving early alerts for environmental changes and abnormal fish behaviour patterns enabling proactive 

decision-making the integration of solar power makes the system feasible in remote or energy-limited areas 

overcoming traditional sustainability issues in aquaculture contrary to conventional systems that approach monitoring 

and feeding as distinct operations this system facilitates synchronized and adaptive management of aquatic 

environments the study affirms that the integration of automation analytics and green energy can result in a scalable 

low-maintenance and environmentally friendly method for contemporary aquafarming setting the stage for future 

breakthroughs in smart fisheries and sustainable resource management. 
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