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Abstract. Hydroponics is a soilless method of growing plants, has become 

popular due to its advantages over traditional soil-based agriculture nowadays. To 

minimize human intervention and no usage of land, we propose the design and 

development of an automated hydroponics system leveraging Internet of Things 

(IoT) technology with integrated data logging capabilities. The system aims 

optimize plant growth by automating critical parameters such as nutrient delivery, 

pH levels, and environmental conditions. The proposed system is a process which 

could double or even triple the rate of crop growth and cultivation if done 

efficiently, for parameters like pH, electrical conductivity (EC), temperature, 

humidity, and light sensors, which continuously monitor the hydroponic 

environment. Actuators, including pumps and valves, can be used to adjust 

nutrient and water delivery based on real-time data. A microcontroller or 

processor (Arduino) manages data collection and control operations. Data will be 

transmitted via Wi-Fi or Ethernet, allowing for remote monitoring and control 

through web-based interface. The system also features comprehensive data 

logging, storing historical data on environmental conditions and system 

performance for analysis and optimization. This automated and data-driven 

approach enhances the efficiency of hydroponics systems, reduces manual 

intervention, and supports the development of scalable and sustainable 

agricultural solutions. We also propose to scaled up to accommodate different 

sizes of hydroponic setups, by developing scalable solutions can accommodate 

large-scale hydroponic farms and commercial applications. 

Keywords: Hydroponics, Automated system, Sensors, Nutrient Delivery, 
Sustainable Agriculture. 

 
1.Introduction 

Hydroponics, a soilless method of growing plants, has emerged as an efficient and 

sustainable alternative to traditional agriculture. By providing plants with nutrient-

rich water solutions, hydroponics eliminates the need for soil, conserves water, and 
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accelerates plant growth. However, maintaining optimal environmental conditions—

such as pH levels, nutrient concentration, temperature, humidity, and light intensity—

requires continuous monitoring and manual intervention, therefore both traditional 

and hydroponic agriculture require labor and are susceptible to human error, to 

address these challenges, we propose an automated hydroponic system powered by 

the Internet of Things (IoT) with real-time data logging capabilities. This system 

leverages smart sensors to monitor critical parameters and actuators to automate 
nutrient delivery and environmental adjustments. Ensuring optimal plant growth with 

minimal human involvement [6]. A microcontroller (ESP32) collects and processes 

data, while connectivity through Wi-Fi or Ethernet enables remote monitoring and 

control via a web-based interface. Additionally, the system features historical data 

storage for analysis, helping optimize cultivation strategies and improve efficiency.  

The proposed scalable solution can be adapted for both small-scale and large-scale 

hydroponic farms, making it a promising approach toward sustainable and technology 

driven agriculture.  

This study aims to demonstrate how IoT-based automation and data-driven decision 

making can enhance productivity, reduce resource wastage, and promote eco-friendly 

farming practices, ultimately contributing to the future of smart agriculture[3]. 

2.Literature Review 

Recent advancements in hydroponic farming emphasize the integration of IoT, AI, 

and machine learning for enhanced efficiency and sustainability. Traditional 

hydroponic systems require constant human intervention, limiting scalability and 

precision. Research by Patel et al. and Nguyen et al. [4] highlights the potential of 

IoT-driven automation, utilizing real-time sensor data and AI-driven analytics to 

optimize nutrient delivery and environmental conditions. Further studies, such as Raj 

et al. [9] and Gomez et al. [14], explore AI techniques like Bayesian optimization and 

Explainable AI (XAI) to enhance decision-making transparency and resource 

utilization. Additionally, Chowdhury et al. [5] demonstrate how data-driven models 

significantly improve crop yields and sustainability. These findings underscore the 
necessity of automated hydroponic systems that incorporate predictive analytics, real-

time monitoring, and AI-driven optimization to support large-scale precision 

agriculture. Existing System: 

Current hydroponic farming systems largely depend on manual monitoring and 

intervention, posing several challenges in maintaining optimal plant growth 

conditions. Growers must frequently check and adjust critical parameters such as pH 

levels, electrical conductivity (EC), temperature, humidity, and nutrient concentration. 

Since hydroponic plants rely entirely on water-based nutrient solutions, any 

imbalance can quickly result in deficiencies or overfeeding, negatively impacting 

yield and quality. While some hydroponic setups incorporate basic automation—

using sensors to monitor environmental factors and trigger alarms when thresholds are 
exceeded—these systems often lack real-time data logging and intelligent control 

mechanisms, requiring constant human supervision.  

Additionally, these systems lack predictive capabilities for optimizing plant growth, 

resulting in inefficiencies in nutrient delivery, water usage, and energy management. 



 

 

2372             M. A. V. Kamalnath et al.

Another significant drawback is the absence of remote accessibility and scalability, 

which hinders farmers from effectively managing large-scale or geographically 

distributed hydroponic farms. 

Proposed system: 

The proposed automated hydroponic system leverages IoT technology and real-time 

data logging to support healthier crop growth with minimal human effort. By 
combining sensors, actuators, and microcontrollers with cloud-based monitoring, the 

system automatically adjusts key environmental factors. This ensures optimal plant 

health, efficient use of resources, and greater scalability. 

3.Methodology 

The methodology for this study follows a structured approach to designing, 

developing, implementing, and evaluating an IoT-based automated hydroponic 

system with real-time data logging as shown in Fig.1. This ensures the system 

effectively supports plant growth while minimizing the need for human intervention. 

To achieve this, the system is built using smart sensors that continuously monitor key 

environmental factors such as pH levels, electrical conductivity (EC), temperature, 
humidity, water levels, and light intensity. These sensors provide real-time data, 

which is processed by a microcontroller, such as an ESP32 or Arduino. Based on this 

data, actuators like pumps and valves automatically regulate the nutrient solution and 

water supply, creating an optimal environment for plant growth. Additionally, the 

system includes remote monitoring and control capabilities through Wi-Fi or Ethernet 

connectivity. The collected data is sent to a web-based dashboard, allowing users to 

track real-time conditions and make necessary adjustments from anywhere, ensuring 

efficient and hassle-free management of the hydroponic setup. 

The system also incorporates historical data logging, allowing users to track past 

trends and make informed decisions to optimize future operations. To ensure its 

effectiveness, the system undergoes rigorous testing and optimization across various 

hydroponic setups. 

This research enhances automation strategies to improve plant growth and promote 

sustainable, data-driven agriculture. Positioned at the intersection of smart farming, 

IoT automation, and hydroponics, it focuses on optimizing environmental conditions 

through real-time data logging and automated controls. By integrating sensor 

networks and AI-driven analytics, the system minimizes manual labor while ensuring 

precise regulation of key factors like pH, humidity, air quality and total dissolved 

solvents. 
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Fig.1.Flow chart of Hydroponic Flow Process 

Architecture: 

In Fig. 3, Proposed model working operation is follows: 

 1. Automated Monitoring and Control: 

The system utilizes pH, electrical conductivity (EC), temperature, humidity, and light 

sensors to continuously track environmental conditions. Real-time sensor data is 

processed by microcontrollers, such as Arduino or ESP32, which autonomously 

regulate nutrient delivery, pH balance, and water flow through pumps and valves. 

This automation ensures that plants receive optimal growing conditions without the 
need for manual intervention, improving efficiency and consistency in hydroponic 

farming. 

To enhance long-term efficiency, the system continuously records environmental 

conditions, nutrient levels, and plant growth patterns.  

This data is securely stored in the cloud and to optimize plant growth, machine 

learning analyzes securely cloud-stored data, revealing trends and enabling precise 

environmental control With AI-driven insights, farmers can fine-tune irrigation 
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schedules, adjust nutrient concentrations, and optimize lighting conditions to 

maximize crop yield. 

2. IoT-Based Remote Monitoring and Control: 

The system uses Wi-Fi or Ethernet to send real-time data to a cloud-based dashboard, 

which can be accessed  through a web or mobile app. This allows farmers to monitor 

performance remotely, receive instant alerts, and make adjustments from anywhere. If 

any abnormalities are detected, the system immediately sends notifications, enabling 

timely interventions and ensuring plant health with minimal manual effort. 

3.Real-Time Data Logging and Analytics: 

Unlike conventional hydroponic setups, which lack scalability and predictive 

capabilities, this IoT-enabled approach enables remote monitoring, data-driven 

decision-making, and resource efficiency. Its adaptability supports urban farming, 

vertical agriculture, and large-scale production, contributing to food security and 

sustainable farming solutions. 

 

Fig.2. Block diagram of Hydroponic Automation System 

4. Implementation of MQTT Protocol: 

Seamless device communication is achieved through the use of MQTT, a lightweight 

messaging protocol. In this system, publishers transmit data through an MQTT 
broker, which then delivers it to subscribers. This protocol ensures efficient data 

transmission, enabling real-time monitoring and logging of system parameters for 

better automation and analysis. 

The logged data is accessible on the MQTT dashboard at the subscriber’s end, with 

updates occurring every 5 seconds. Users can define the parameters they wish to 

monitor, ensuring flexibility in data tracking. The MQTT architecture comprises a 

broker, publishers, and subscribers, where publishers send data to the broker, which 

then distributes it to all subscribed devices in real time. 
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Fig.3. Working of MQTT in IoT 

5.Scalability and Energy Efficiency 

The system is designed to be highly adaptable, making it suitable for both small-scale 
home hydroponics and large-scale commercial farming. It incorporates energy-

efficient LED lighting and smart irrigation techniques to minimize electricity and 

water consumption.  

 6.Mathematical Modelling 

We have considered following mathematical equations for the calculations of 

prototype output parameters: 

For calculating output at sensors: 

(i) TDS sensor: 

TDS = k*EC………………………………(1) 

  where k = conversion factor,0.55<k<0.8 

(ii)  pH sensor: 

pH = 7 –Vmeas/59.16…………………….(2) 

where Vmeas = measured voltage (in mV) from pH sensor. 

(iii) DHT11 sensor: 

 Td = T-(100-RH)/5……………………..(3) 

where Td = dew temperature, T= temp. in degrees 
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AH = 0.0022 * RH * e(0.067*t), where AH=absolute humidity. 

(iv) Accuracy: 

     %Accuracy = (|practical value -ideal value/ideal value) x 100 

%...............................................(4) 

4.        Results and Discussion 

The suggested Hydroponic Automation System based on IoT and real-time data 
logging is a revolutionary solution to contemporary agriculture through increased 

efficiency, minimized human intervention, and optimized crop growth conditions. 

Prototype Results 

 

Fig.4. circuit diagram for Proposed model 

 

 

 

Fig.5. Humidity data logged in MQTT  

dashbaord 
 

Fig.6. Temperature data logged In 

mqtt dashboard 
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Fig.7. The co2 value logged in 

MQTT 

 

Fig.8.  The Ph, W, L, and T values 

logged in MQTT dashboard report. 

 

 

  

 

Hardware Results: 

The below figures represent the output obtained after simulation of code with 

hardware kit.  

 
Fig .9. Output Result Of Triggered Sensors 

 

 

 

Fig .10. Sensor Output At LCD 

Display 
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Fig.11. DIfferent Sensor Output At LCD 
Display 

Fig .12. Prototype to grow the plants 

 

Fig 9 shows, how are sensors are triggered when there is any deviation in the given 

threshold parameters.  

Fig 10 and Fig 11 represent the sensor outputs obtained at the LCD display after 
simulation. The notations T, H, AQ, pH, w represent temperature in 0C, humidity in 

%, air quality in ppm (parts per million), pH, and water turbidity in Nephelometric 

Turbidity (NTU) units respectively. Fig 12 The prototype we have taken to grow the 

plants gives good productivity and also in less space we can grow twice compared 

with the normal prototypes and conventional agriculture. 

 The value of pH is always displayed zero in the LCD display as the pH value is 

displayed in the serial monitor via UART pins in the microcontroller used. Since the 

value can be obtained even without a physical connection, an additional wiring to the 

LCD display is not given as this work aims at minimizing connections Hence the 

value of pH is always displayed zero in the LCD display. Apart from real-time data-

logging, the temperature parameter can be controlled using a cooling fan i.e. 

whenever the temperature increases more than the given threshold value, the cooling 

fan turns on automatically and reduces the temperature until it gets to the required 

value.  

Accuracy/Error rate = (1-|practical value -ideal value|/ideal value) x 100 
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Table.1 Parametric Comparison 

PARAMETER EXISTED 

SYSTEM 

THIS WORK ACCURACY 

Temperature     180C-300C       29.50C    65.91% 

Humidity      50%-70%       56.40%   94.00% 

pH      5.5-6.5        5.91   98.50% 

Turbidity      <5 NTU        4   80% 

From Table 1, we observe that the parametric comparison table shows the proposed 

model provides improved accuracy and stability compared to the existing systems. It 

maintains a temperature of 29.5°C (65.91% accuracy), humidity at 56.40% (94.00% 

accuracy), pH at 5.91 (98.50% accuracy), and turbidity at 4 NTU (80% accuracy). 

These results highlight its enhanced precision in maintaining optimal conditions. 

5.Conclusion 

With the incorporation of sensors, microcontrollers, automated nutrient delivery 

systems, and cloud-based monitoring, the system guarantees accurate control over key 

parameters like pH levels, electrical conductivity (EC), temperature, humidity, and 

light exposure. The integration of real-time data logging and analytics enables data-

driven decision making, which helps growers maximize resource utilization, 

anticipate plant health trends, and enhance yield consistency. Remote monitoring and 

control of hydroponic systems through IoT boosts accessibility and scalability, 

making it feasible for small-scale growers as well as large commercial farming 
operations. Additionally, the system ensures sustainability through energy-efficient 

lighting, efficient irrigation methods, and possible renewable energy inputs, thus 

lessening environmental footprints. By automating and optimizing hydroponic 

agriculture, this method sets the stage for a more technologically advanced, efficient, 

and scalable agricultural future that meets the challenges of global food security 

without wastage of resources. 

     To enhance automation in nutrient management, a peristaltic pump-based Nutrient 

Dosing System can be employed to automate pH adjustments and nutrient mixing, 

ensuring precise and consistent delivery. Additionally, Supervised Machine Learning 

(ML) algorithms can be utilized for predictive maintenance, forecasting water and 

nutrient requirements based on historical data. Long Short-Term Memory (LSTM), a 
deep learning approach, is particularly effective for time-series predictions, enabling 

accurate future estimations of water needs.  

Furthermore, an automated decision-making system can be integrated to dynamically 

regulate nutrient levels and pH balance, optimizing plant growth conditions with 
minimal manual intervention. Additionally, integrating renewable energy sources like 
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solar panels can further enhance sustainability, making the system eco-friendlier and 

more cost-effective in the long run.  
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