
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                      Volume: 07 Issue: 11 | November - 2023                           SJIF Rating: 8.176                         ISSN: 2582-3930   

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM27020                                                  |        Page 1 
 

HydroGuard: Automated Plant Care with Intelligent Watering 

 

Archeesha Kumar Sharma1, Abhisheksingh Rathod2, Abhijeet Kohli3, Aniket Patil4   

1Student, Computer Science Engineering, MIT ADT University 
2Student, Civil Engineering, MIT ADT University 
3Student, Civil Engineering, MIT ADT University 

4Professor, Civil Engineering, MIT ADT University 
 

---------------------------------------------------------------------***---------------------------------------------------------------------
Abstract - The increasing demand for efficient and 

sustainable water resource management in agriculture has led 

to the emergence of innovative technologies such as the 

HydroGuard: Automated Plant Care with Intelligent Watering 

System using the Internet of Things (IoT). This report presents 

a comprehensive exploration of the design, development, and 

implementation of a HydroGuard: Automated Plant Care with 

Intelligent Watering System that harnesses IoT capabilities to 

optimize irrigation practices. By integrating sensors, actuators, 

and a central control unit, the system enables real-time 

monitoring of soil moisture levels, weather conditions, and 

plant requirements. Leveraging IoT connectivity, data is 

transmitted and processed to make informed decisions on 

irrigation scheduling and water distribution. The result is a 

highly efficient and water-conserving solution that not only 

enhances crop yield and quality but also contributes to 

sustainable agriculture practices. This report delves into the 

technical aspects, benefits, challenges, and potential future 

developments of HydroGuard: Automated Plant Care with 

Intelligent Watering Systems, highlighting their role in 

revolutionizing traditional farming methods and ensuring a 

more resilient and environmentally conscious approach to food 

production. 
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1.INTRODUCTION  

 
In recent years, advancements in technology have been 

reshaping various aspects of our lives, and agriculture is no 
exception. The pressing need for sustainable water 
management and efficient resource utilization has led to the 
development of innovative solutions in the realm of agriculture. 
Among these innovations, the integration of smart technologies 
into irrigation systems has emerged as a transformative 
approach to optimize water usage and enhance crop yield. This 
report introduces a cutting-edge concept: the utilization of the 
ESP8266 microcontroller in conjunction with a capacitive soil 
moisture sensor and water pump to create a sophisticated 
HydroGuard: Automated Plant Care with Intelligent Watering 
System 

Agriculture, being the backbone of our civilization, faces 
the challenge of increasing food production to meet the 
demands of a growing global population. However, this task is 
beset by a scarcity of vital resources, particularly water. The 
traditional methods of irrigation often result in inefficiencies, 

excessive water consumption, and decreased agricultural 
output. As a response to these challenges, there is a growing 
urgency to adopt advanced irrigation techniques that embrace 
the principles of precision agriculture. HydroGuard: 
Automated Plant Care with Intelligent Watering Systems 
present a potential solution by enabling real-time monitoring 
and intelligent management of water distribution based on 
accurate data insights. 

At the heart of this innovation lies the ESP8266, a versatile 
and cost-effective microcontroller that is part of the Internet of 
Things (IoT) ecosystem. Its integration within the HydroGuard: 
Automated Plant Care with Intelligent Watering System forms 
a bridge between the physical and digital worlds. The 
ESP8266's connectivity capabilities enable seamless 
communication between the components of the system and 
remote devices such as smartphones or computers. By enabling 
wireless data exchange, remote control, and data logging, the 
ESP8266 empowers farmers and agricultural stakeholders with 
unprecedented control and insight into the irrigation process. 

Central to the system's functionality is the incorporation of 
a capacitive soil moisture sensor. Unlike conventional resistive 
sensors, the capacitive sensor offers greater accuracy and 
reliability in measuring soil moisture levels. This real-time data 
acquisition allows the system to make informed decisions on 
when and how much water to apply to the soil. By eliminating 
the guesswork associated with traditional irrigation methods, 
the capacitive soil moisture sensor ensures that crops receive 
just the right amount of water, preventing under- or over-
irrigation and promoting efficient water utilization. 

Complementing the advanced sensing capabilities is the 
intelligent water pump control mechanism. Through real-time 
data from the moisture sensor and weather forecasts, the 
HydroGuard: Automated Plant Care with Intelligent Watering 
System can automate the water pump's operation. The system 
intelligently triggers the water pump to supply water to the 
crops precisely when needed, optimizing irrigation cycles and 
minimizing wastage. This automation not only conserves water 
but also enhances the overall efficiency of the irrigation 
process, resulting in improved crop quality and increased 
agricultural productivity. 

The convergence of ESP8266-enabled IoT technology, 
capacitive soil moisture sensing, and automated water pump 
control marks a significant stride toward revolutionizing 
agriculture. The HydroGuard: Automated Plant Care with 
Intelligent Watering System promises to mitigate water scarcity 
challenges, promote sustainable farming practices, and elevate 
agricultural yields. As we delve into the intricacies of this 
innovative system, it becomes evident that the integration of 
modern technology with traditional agriculture holds the 
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potential to reshape the way we cultivate the land, offering a 
glimpse into a more prosperous and sustainable future for 
global agriculture. 

 

2. RELATED WORKS 

 
The initial research on relative humidity in soil was conducted 

using a low-cost RH sensor that could measure temperature and 

humidity levels in the soil itself whereas applications kept track 

of the information in a feedback process. Precision agriculture 

is utilized to supply the right quantity of water and fertilizer to 

the right crops at the right time [1]. The manpower demand has 

also decreased because of these technological advances [2]. A 

remote, dependable, and foolproof sprinkler management 

platform may be created using ZigBee and configuration 

technologies [3-4]. Pakistan and Bangladesh have robust 

agricultural economies, just like India. These nations have 

significant water shortages as a result of insufficient 

management of water. 

A Wireless Sensor and Actuator Network (WSAN) has the 

potential of automated management of irrigation, which is 

affordable and enables correct monitoring of the field, rapid 

and precise decision making, coupled with reduced human 

participation [5]. This ensures that the water is distributed 

evenly. It is possible to construct an integrated sensor structure 

with a variety of ground sensors surveillance moisture in the 

soil phases, the temperature, plant development, groundwater 

levels level, disease detection, along with a field tracking 

system to take into account changes in the field of agriculture. 

It permits and establishes risk levels, giving us important 

knowledge about the advancement of agriculture [6].  

The central processing unit (CPU) could be applied to 

developing wireless connections among two distant locations 

as well as analyzing information in software GUI platforms 

using the PIC microcontroller. By utilizing Arduino and the 

Android OS, an automated management and remote 

administration for irrigation systems may be created [7]. New 

technologies built on the GSM (Global System for Mobile) 

connectivity and wireless communications have been 

developed in response to the characteristics of irrigation in rural 

China [8]. With the concept of managing temperature and 

humidity, the data collecting system offers significant 

advantages [9].  

4 

Authors in [10] presented an irrigation system that watered 

plants depending on information provided by the ground's 

moisture sensor. In addition to providing water, it notifies the 

farmer via the App on the state of the crop. According to 

surveys, between 25% and 30% of the water used for irrigation 

is lost as a result of the use of these technologies. This is a 

significant factor in the global water crisis [11–12]. To cut 

down on water waste, many irrigation techniques have been 

used, including soil evaluation, synthetic drainage, and seeding 

[13-14]. 

The authors of [15] presented a system for irrigation that 

employs wireless network design to measure the moisture 

content using a humidity sensor, and automatically sends the 

sensed data to farmers through the internet. The authors of [16] 

suggested employing a moisture sensor to control irrigation. 

However, the suggested technology uses an exorbitant amount 

of electricity to operate. The system's remote control is not 

available to the author. The amount of soil water may be 

controlled using an internet-based protocol in a suggested 

irrigation technique in [17]. The irrigation technique described 

in [18] displayed sensor readings on an LCD. 

3. METHODOLOGY 

 
The methodology for developing the HydroGuard: Automated 
Plant Care with Intelligent Watering System using ESP8266 
and capacitive soil moisture sensor with a water pump involves 
a systematic approach encompassing hardware selection, 
calibration, data acquisition, algorithm development, user 
interface design, prototype testing, optimization, and thorough 
documentation. This approach ensures the creation of an 
efficient and intelligent irrigation system that contributes to 
sustainable agricultural practices and resource conservation. 

 

Fig -1: Flowchart behind the methodology 

 

 

The methodology behind HydroGuard: Automated Plant Care 

with Intelligent Watering system involves several steps: 

 

3.1 Hardware Selection and Integration: 

The project begins with the careful selection of hardware 

components. The ESP8266 microcontroller will serve as the 

brain of the system, responsible for data processing, 

communication, and control. A suitable capacitive soil 

moisture sensor will be chosen to accurately measure soil 

moisture content. Additionally, a water pump capable of 

delivering the required flow rate and pressure will be selected. 

These components will be integrated, ensuring proper 

connectivity and compatibility. 
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Fig -2: Block Diagram behind the methodology 

 

 

 

 

3.2 Sensor Calibration and Testing: 

The capacitive soil moisture sensor requires calibration to 

establish a correlation between its output and actual soil 

moisture levels. Controlled experiments will be conducted 

using different soil types and moisture levels. Calibration 

curves or equations will be generated and programmed into the 

microcontroller to convert sensor readings into meaningful 

moisture values. 

 

 

Fig -3: Circuit connection (Schematic) 

 

Fig -4: Real time connection diagram 

 

3.3 Sensor Communication: 

The communication between the DHT11 sensor, NodeMCU, 

capacitive soil moisture sensor, and water pump involves 

digital protocols for temperature and humidity data from the 

DHT11, analog readings from the soil moisture sensor, and 

digital control signals for pump activation and deactivation. 

 

3.3.1 DHT11 Sensor Communication:  

The DHT11 sensor communicates with the NodeMCU using a 

digital single-wire protocol. Here's how the communication 

process works: 

● Initialization: The NodeMCU initializes 

communication by sending a low pulse to the DHT11 

sensor for a specified period (usually around 20 

milliseconds). This serves as a wakeup signal to the 

sensor. 

● Sensor Response: The DHT11 sensor detects the low 

pulse and responds with a low pulse of its own, 

followed by a high pulse. This response indicates that 

the sensor is ready to transmit data. 

● Data Transmission: The DHT11 sensor sends data in 

a series of binary bits. Each bit is transmitted as 

follows: 

○ A low pulse for around 50 microseconds to 

indicate the start of a bit. 

○ A high pulse of varying duration (26-28 

microseconds for '0' and around 70 

microseconds for '1') to represent the bit 

value. 

● Data Format: The DHT11 sends a total of 40 bits of 

data, comprising 16 bits of humidity data, 16 bits of 

temperature data, and 8 bits of checksum for error 

verification. 

● Checksum Verification: The NodeMCU calculates the 

checksum from the received data and compares it with 

the checksum sent by the DHT11 sensor. If the 

checksum matches, the data is considered valid and 

can be decoded into humidity and temperature values. 

 

3.3.2 Capacitive Soil Moisture Sensor and Pump 

Communication:  

The communication between the capacitive soil moisture 

sensor, NodeMCU, and water pump involves multiple steps to 

measure soil moisture and control the pump: 

● Sensor Data Acquisition: The capacitive soil moisture 

sensor measures soil moisture content by analyzing 

changes in capacitance. The NodeMCU reads analog 

data from the sensor through an analog-to-digital 

converter (ADC) pin. The analog reading is then 

converted to a digital value representing the moisture 

level. 

● Control Logic: The NodeMCU employs a control 

algorithm to decide whether irrigation is needed based 

on the soil moisture reading, predefined thresholds, 

and possibly weather data obtained from other 

sources. If the moisture level falls below a certain 

threshold, the NodeMCU determines that irrigation is 

required. 

● Pump Activation: Upon deciding that irrigation is 

needed, the NodeMCU activates a relay or transistor 

connected to the water pump.The pump receives a 

signal to start pumping water to the plants. 
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● Pump Deactivation: Once the desired moisture level 

is reached or a specified irrigation duration has 

elapsed, the NodeMCU deactivates the pump by 

turning off the relay or transistor.. 

 

3.4 Data Acquisition and Transmission: 

The ESP8266 will be programmed to interface with the soil 

moisture sensor and collect data at regular intervals. The 

collected data will be processed and prepared for transmission. 

The ESP8266 will establish a wireless connection, either 

through Wi-Fi or other communication protocols, to transmit 

the moisture data to a central control unit or cloud-based 

platform. 

 

3.5 Control Algorithm Development 

An intelligent control algorithm will be developed to determine 

irrigation schedules and water delivery based on the received 

moisture data. The algorithm will consider factors such as 

predefined moisture thresholds, weather conditions, and crop-

specific requirements. The ESP8266 will execute the algorithm 

to trigger the water pump when irrigation is needed and 

deactivate it when sufficient moisture is detected. 

 

3.6 User Interface Development: 

A user interface will be created to enable users to monitor and 

interact with the system. This may involve developing a web-

based dashboard or a mobile application. Users will be able to 

visualize soil moisture trends, adjust irrigation settings, and 

receive notifications or alerts. The user interface will provide a 

user-friendly means of controlling and managing the irrigation 

system remotely. 

 

3.7 Prototype Construction and Testing: 

With the software components in place, a functional prototype 

of the HydroGuard: Automated Plant Care with Intelligent 

Watering System will be constructed. The integrated hardware 

and software components will be tested in controlled 

environments to ensure accurate sensor readings, reliable 

communication, and proper control of the water pump. Field 

tests will be conducted to validate the system's performance 

under varying soil and environmental conditions. 

 

3.8 Optimization and Fine-Tuning: 

The prototype's performance will be evaluated, and the control 

algorithm will be fine-tuned based on the results of the field 

tests. Adjustments may be made to the irrigation thresholds, 

timing, and other parameters to optimize water usage and crop 

health. User feedback will also be considered to enhance the 

user interface and overall system usability. 

 

4.RESULTS AND DISCUSSIONS 

 
4.1 Result: 

 

The implementation of the HydroGuard: Automated Plant Care 

with Intelligent Watering System, utilizing the ESP8266 

microcontroller, a capacitive soil moisture sensor, and a water 

pump, has yielded impressive results in the realm of efficient 

and automated plant irrigation.The capacitive soil moisture 

sensor, integrated into the system, has demonstrated 

remarkable accuracy in measuring soil moisture levels. 

Through continuous readings, the system ensures that the 

moisture content in the soil is monitored with precision. This 

real-time data allows for timely and informed decisions 

regarding irrigation.One of the core achievements of this 

system is its ability to automatically control the water pump 

based on the measured soil moisture. When the moisture falls 

below predefined thresholds, the system activates the water 

pump, ensuring that plants receive adequate hydration precisely 

when needed. This automation significantly reduces the risk of 

overwatering or underwatering, optimizing plant health and 

growth.By preventing unnecessary watering when the soil 

moisture is already within the desired range, the system 

contributes to water conservation. It effectively mitigates water 

wastage, a common issue in traditional irrigation methods. This 

environmentally conscious approach aligns with sustainable 

agriculture practices and contributes to resource conservation.  

 

 

Fig -5: Screenshot of output of status of motor with all data   

 

Fig -6: Output with total setup 
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Fig -7: OLED Display Output (left - higher than threshold, 

right- lower than threshold) 

 

Fig -8:  Water dispensed status when humidity is higher than 

set threshold  

 

Fig -9:  Water dispensed status when humidity is lower than 

set threshold  

 

 

Fig -10:  Website GUI displaying data as captured by device  
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4.2 Discussion: 

 

One of the key advantages of this HydroGuard: Automated 

Plant Care with Intelligent Watering system is its ability to 

monitor soil moisture levels in real-time. The capacitive soil 

moisture sensor, which is embedded in the soil near the plant's 

root zone, continuously measures the moisture content. This 

data is then transmitted to the ESP8266 microcontroller, which 

acts as the system's brain. The ESP8266 processes this 

information and compares it to a predefined moisture threshold. 

When the soil moisture drops below this threshold, the 

microcontroller initiates the irrigation process. This real-time 

monitoring ensures that plants receive water precisely when 

needed, preventing under or overwatering. 

One of the primary benefits of this system is its efficiency in 

water usage. Traditional irrigation methods often rely on fixed 

schedules or manual control, which can lead to wasteful water 

consumption. In contrast, the HydroGuard: Automated Plant 

Care with Intelligent Watering system using the ESP8266 and 

capacitive soil moisture sensor optimizes watering based on 

actual plant needs. It avoids irrigating already moist soil, 

conserving water resources and reducing water bills. This 

efficiency is especially crucial in regions facing water scarcity 

or restrictions on water use. 

 

5. CONCLUSIONS 

 
The HydroGuard: Automated Plant Care with Intelligent 

Watering System employing the ESP8266 microcontroller, 

capacitive soil moisture sensor, and water pump has proven to 

be an effective and efficient solution for plant irrigation. It 

combines precision soil moisture monitoring with automated 

control to ensure that plants receive the right amount of water 

precisely when needed. This technology contributes to water 

conservation, improved crop yields, and reduced human 

intervention, making it a valuable asset in modern agriculture 

and horticulture practices.The development of a HydroGuard: 

Automated Plant Care with Intelligent Watering System 

utilizing the ESP8266 microcontroller, capacitive soil moisture 

sensor, and water pump represents a significant leap forward in 

sustainable and efficient agriculture. The system's ability to 

autonomously monitor soil moisture levels and initiate 

irrigation when they fall below predefined thresholds holds 

immense promise for both small-scale and large-scale farming 

operations. This innovation not only conserves water resources 

by ensuring precise and targeted irrigation but also optimizes 

crop health and yield by delivering water precisely when and 

where it is needed. 

Furthermore, this technology offers scalability and 

adaptability, enabling integration with weather data, remote 

monitoring, and control through mobile applications or web 

interfaces. The implementation of such systems has the 

potential to revolutionize agricultural practices by reducing 

water waste, energy consumption, and labor costs while 

simultaneously enhancing crop quality and productivity. As the 

world grapples with the challenges of climate change and 

resource scarcity, HydroGuard: Automated Plant Care with 

Intelligent Watering systems like these represent a critical step 

towards sustainable and responsible agriculture, ensuring food 

security for the future. 

 

6. FUTURE SCOPE 

 
While the results of this HydroGuard: Automated Plant Care 

with Intelligent Watering system implementation are 

promising, there are opportunities for further enhancements. 

Incorporating machine learning algorithms for more advanced 

predictive irrigation control and integrating additional 

environmental sensors for comprehensive monitoring are areas 

that can be explored to improve system efficiency. Challenges 

related to sensor accuracy, power management, and network 

connectivity in remote areas should also be addressed to ensure 

robust system performance. 

One promising avenue for future development of this 

HydroGuard: Automated Plant Care with Intelligent Watering 

system is the integration of advanced weather forecasting data. 

By incorporating real-time weather forecasts, the system can 

make even more informed decisions about irrigation. For 

instance, it could anticipate heavy rain and temporarily suspend 

watering, thus preventing over-irrigation. Additionally, it can 

factor in other weather-related variables such as wind speed, 

solar radiation, and temperature trends to fine-tune irrigation 

schedules. This integration would not only enhance water 

efficiency but also contribute to further reducing energy 

consumption, ensuring that irrigation is both sustainable and 

environmentally friendly. 
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