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Abstract

:

The Internet of Things (IoT) plays a vital role in improving cultivation methods for greenhouses and providing farmers/landowners with the relevant information to make decisions for optimal yields. This paper presents an intelligent system, based on the IoT concept that remotely provides users with information related to the temperature, humidity, and soil moisture intensity for the monitoring of plant conditions. The Android application is designed for the users to monitor plant health parameters and manage the timing and frequency of water sprinkling. The sensors collect the readings and transfer them to the Blynk app using the ESP8266 Wi-Fi module. Based on the critical condition of the plant, the user can control the solenoid valve via an Android application to maintain the healthy state of the plant.
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1. Introduction


Conventional greenhouses require huge infrastructures; among their obstructions are a lack of smart environments, plant diseases, smaller farmland, soil decay, and the absence of resources leading to decreased crop production [1]. The need for the efficient utilization of resources in agriculture is critical in order to achieve increased production. As a result, various technologies are being integrated into the agricultural industry, especially in regard to the use of energy and water, to improve the yield of crops or maintain the good health of plants. These technologies, such as cloud computing, wireless sensor networks, the Internet of Things (IoT), big data, machine learning, and fog computing, play an important role. For a plant to successfully grow, it is necessary to monitor the plant’s health parameters and take corrective actions when needed. The plant’s health deteriorates due to environmental conditions, i.e., high temperatures, abnormal humidity factors, and bad soil conditions [2]. Using IoT technology, the initial conditions of the plant can be analyzed by monitoring the environmental factors of a plant.



In this paper, various sensors, such as DHT-11 and soil moisture sensors, are integrated to measure the climatic conditions in the environment, as shown in Figure 1. Based on basic plant requirements, the nutrient solution is also provided to ensure plant growth by sprinkling water via a relay and solenoid valve. The temperature and humidity readings are collected in the greenhouse using a DHT-11 sensor, and soil moisture levels are gathered using a soil moisture sensor. The proposed system then transmits the information gathered by the sensors to the Blynk IoT platform, using the ESP-8266 Wi-Fi module, for users to monitor the different parameters of the plant remotely.



The Android application is not only useful for remote viewing but also turns the sprinklers on and off based on the requirement of the plant(s). This system is advantageous because it can lead to reductions in labor cost and means that farmers or landowners are not required to visit the field to monitor their crops/plants. The system provides a water-saving feature, meaning that when the farmers or landowners feel that plant health could be affected due to adverse weather conditions, they will be able to sprinkle water on their plants remotely using the application. The system enables remote administration so that corrective actions can be taken before weather conditions worsen.



The IoT-based greenhouse automation system is designed in [3], where the light intensity levels and soil moisture readings are collected. The fan is automatically turned on to reduce the temperature. The system lacks the remote water sprinkling feature, and it does not provide monitoring via an Android application. The authors in [4] introduced agricultural applications based on IoT for the purposes of monitoring the moisture and nutrients of citrus, but the system is complex and costly. The authors in [5] designed an IoT-based system which allows the user to monitor their farm using mobile applications and the web. This research faced water control challenges on the farm. Systems introduced in [6,7] are useful for water control in the context of IoT-based agriculture, but are costly for farmers to use. The system introduced uses LPWAN communication and Bluetooth technologies in the farm [8]. Hence, the system will be useful only when the user is within a short distance of their farm/land.



The proposed system presented in this paper overcomes the drawbacks mentioned in the existing research and provides a cost-efficient solution for the monitoring of plants in a healthy environment.



This paper is arranged as follows: Section 2 describes the working methodology of the system. Section 3 presents the results, and Section 4 discusses the conclusions and future work.




2. Methodology


The IoT-based Smart Plant Monitoring System is designed to monitor and maintain the growth and health of plants. The system works by collecting data from various sensors and then sending that data to a mobile application through the internet. The system starts by collecting data from the DHT11 sensor, which measures the temperature and humidity of the environment. The data is then sent to the Arduino microcontroller, which processes the data and sends it to the Blynk app through the ESP8266 Wi-Fi module. The Blynk app then displays the temperature and humidity data in real time. If the temperature or humidity falls outside of a specified range, the Arduino sends a notification to the user’s mobile device or computer. The user can then adjust the settings on the app to optimize the environment for the plants. The solenoid valve is controlled by the Arduino based on the data from the sensors. It can be programmed to automatically open and close in order to water the plants. The relay is controlled by the Arduino, which sends a signal to the relay to open or close the valve. Overall, the system is designed to provide the user with real-time data and remote control over the environment, which can help to optimize the growth of plants and reduce the workload of the user. The Arduino microcontroller acts as the brain of the system, processing the data from the sensors and controlling the other components. The Blynk app provides a user-friendly interface for interacting with the system, and the ESP8266 connects the system to the internet. The power adapter/power supply provides power to the system. Figure 2 depicts the testing of the proposed system on an aloe-vera plant. From this test, satisfactory results were obtained.




3. Results and Analysis


Figure 3 describes the conditions when the temperature, humidity, and soil moisture levels are normal and remotely viewed by farmers on the Blynk application. Figure 4 shows that the sensor levels can be increased and remotely monitored by the farmers/owners, enabling them to further take corrective actions, such as sprinkling water via an Android application to maintain the good health of the plant. Figure 5 shows the soil water content at wilting point, field capacity and saturation points.




4. Conclusion and Future Work


The IoT-based Smart Plant Monitoring System is a powerful and versatile system that allows users to monitor and control various aspects of their plants remotely. It is a highly customizable and cost-effective solution for monitoring and controlling plants remotely. The system can be easily integrated with other devices and platforms and can be used for a wide range of applications, such as greenhouse monitoring, crop monitoring, and irrigation control. With the help of this system, the user can keep track of the temperature, humidity, soil moisture, and other important parameters of their plants and take appropriate actions to ensure the optimal growth and health of their plants. The system can be extended further by adding more sensors or actuators to monitor and control other aspects of the plants.
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Figure 1. Block diagram of the proposed system. 
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Figure 2. Testing of a proposed system in real-time. 
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Figure 3. Normal conditions of Plant monitoring on Blynk app. 
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Figure 4. Critical conditions of Plant monitoring on Blynk app. 
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Figure 5. Soil moisture vs. Soil types. 
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