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ABSTRACT 

The sector is also facing increased demands from the availability of labor to inefficient resource utilization. 

This project presents a self-guiding IoT-powered robot for irrigating crops. It utilizes with help the mobile 

robot frame and its control via the Arduino framework. The decision-making mechanism in the system 

enables automated irrigation based on soil condition, and the ultrasonic sensors provide collision detection 

for obstacle avoidance when moving through the farm. 

Environmental information transmits wirelessly and allows the farmer to monitor the field from anywhere. 

Experiments under the controlled agricultural environment revealed that the robot operates effectively, with 

accuracy of soil moisture measurement above 92%, and there is up to a 28% traditionalmethods. 

This project provides a low-cost approach for adopting precision agriculture techniques, particularly suitable 

for small to medium-sized farms. Future developments can focus on using machine learning algorithms to 

predict plant health and GPS for navigation. 

Keywords: Automatic Agriculture Robot, Precision Agriculture, Smart Irrigation, Internet of Things (IoT), 
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INTRODUCTION 

Agriculture continues to be a crucial element in many regions due to the significant role it plays in people's 

daily activities. In regions where agriculture accounts for the majority of the population's income, the use of 

old approaches remains prominent despite their high labor input, wastage of water resources, inefficiencies in 

assessment and prediction of crops' conditions, and increase in operational costs associated with changing 

weather and climate conditions. Traditional irrigation techniques and crop evaluation techniques are water-

consuming, lack accuracy in evaluating crops' health, and increase costs. 

Recent advances in areas related to robotics, embedded systems, and IoT technologies have enabled new 

opportunities in turning regular farm management into more innovative practices. Automation appears to be 

one of the key solutions for dealing with the lack of experienced personnel, need for higher yields, and 

increasing precision of farming- 

related activities. Integration of various types of sensors and microcontrollers into such a system allows for 

constant monitoring of environment-related factors and thus making relevant decisions in a timely manner. 

The integration of automation tools contributes to conserving resources, especially water, which makes the 

solution sustainable. 
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The appearance of automated agricultural robots represents another milestone reached by modern technology. 

Autonomous mobile robots provide a unique combination of mobility, sensing, and actuating capabilities 

necessary for gathering data, conducting certain actions, and performing navigation tasks without operator 

intervention. An integrated autonomous navigation capability makes the operation of the robot easier since it 

can perform actions on its own. A wireless module remotely monitor the obtained  Despite such promising 

advancements made by modern technology in the field, many of existing systems are rather expensive, 

inefficient, and non-integrated. Some of the current solutions concentrate exclusively on monitoring and 

irrigation, thus lacking mobility capabilities. Others feature complicated architecture that is hard for small and 

medium farmers to integrate. Therefore, there is a need for developing a relatively affordable, scalable, and 

integrated solution that combines sensing, decision making, and actuating functions in one system. 

Against this background, the research focuses on creating an automated agricultural robot that will allow for 

irrigation and environment monitoring through the use of sensing and decision making functions of one unit. 

This project aims at improving the efficiency of agriculture in terms of decreasing water consumption, 

minimizing manual labor needed, and maximizing the accuracy of agricultural processes. 

 

Fig-1 System overview of automatic agriculture robot 

LITERATURE REVIEW 

With the increasing need for intelligent and precise farming, automation has become increasingly popular and 

widely discussed in relation to agriculture. By merging sensing technologies, robotics, and powerful 

communication systems, the scientific community managed to come up with an innovative solution that is 

expected to improve productivity while reducing the amount of labor. Numerous researchers have proposed 

different types of automated solutions to solve key problems faced in agriculture – these include irrigation, 

monitoring, and reduced human labor. All of these inventions serve as the foundation for smart agriculture; 

however, there are a number of limitations to them. 

Bechar and Vigneault (2016) presented a detailed review of robots used in agricultural field operations. Their 

article discussed the structure of the robotic system, as well as what could be done by such machines in terms 

of functionality and potential difficulties in implementing them. Specifically, Bechar and Vigneault (2016) 

emphasized that combining sensing with autonomous navigation increased the level of productivity and 

efficiency. However, high costs of development and the high degree of technological complexity were 

mentioned as the main limitations that prevent wide implementation of agricultural robots. 
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technologies, the system 

of big data in smart 

Zhang et al. (2017) developed an autonomous agricultural robot that could be used for precise agricultural 

practices. As found by the authors, the robot was able to perform activities such as seeding, and crop 

monitoring rather efficiently. Despite this, the robot had to rely on complicated infrastructure and 

sophisticated controls, which made it rather difficult to be applied in agriculture because of high costs. 

Nandurkar et al. (2014) suggested using wireless sensor networks to implement a precision agriculture 

framework for automation of irrigation control. By regulating irrigation according to soil moisture readings, 

it was possible to decrease the amount of wasted water and maximize the effectiveness of resources usage. 

Even though the technology proved itself to be successful in providing automation, it was unable to perform 

dynamic activities due to the lack of mobility and robot-like design. 

Kale and Khandare (2016) created an irrigation system that used GSM communication and sensor networks 

to allow remote monitoring and control of irrigation. The system made it easier to monitor and control 

irrigation from remote locations; however, the system lacked real-time adaptability, which means that the 

technology was static and unable to make decisions. 

In turn, Pandey and Ramesh (2019) described an agricultural robot that could perform autonomous navigation 

with the help of sensing and path planning algorithms. The robot was effective at navigating the area and 

detecting obstacles. Nonetheless, the robot was incapable of measuring environmental parameters or irrigation 

control since it was focused solely on navigation. 

Hossainused technologies in order to develop a smart agriculture framework. Thanks to IoT

 could provide environmental variables, allowing to access collected data from any 

place. Even though it provided better situational awareness for farmers, it lacked a robot-like platform, which 

made it unable to actively engage in any actions like irrigation. Furthermore, described algorithms 

implemented smart to improve production, detect diseases, and assist in making better decisions about 

management. Machine learning was successfully applied for this purpose, yet there are still some challenges 

associated with complex and expensive computations performed by such models.  

Finally, focused on importance and connectivity  
agriculture. The authors explained that with the development of big data, farmers will be able to make better 

decisions about agricultural practices. However, as found by the authors, current technologies cannot be 

considered economically feasible for smaller farms due to high costs. 

Recent advancements in embedded systems along with IoT technologies have allowed designing new 

solutions that can significantly increase the degree of automation in agriculture. In other words, there are 

many cheap and powerful microcontrollers and sensor modules available for design; however, most of these 

systems do not integrate with each other and can function independently without collaboration. 

After reviewing related works, one may conclude that current solutions focus only on specific tasks that can 

be solved with these technologies. At the same time, there is a lack of an integrated system capable of 

performing  all  functions  associated  with  smart agriculture – monitoring, navigation, and irrigation, 

which is why an automatic agriculture robot is needed. 

MATERIALS AND METHODS 

System Architecture 

The independent farm robot follows the design pattern of the modular platform which integrates all hardware 

components such as the sensing units, control system, communication interfaces, and actuators within one 

compact structure. Such arrangement ensures the optimal operation of all connected devices since all the 

real-time monitoring of 
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interactions between hardware modules will run seamlessly. As the core of the whole platform, the main 

controller used is the Arduino Uno microcontroller. It is responsible for gathering data from the sensors, 

implementing the algorithm needed to regulate the work of the robot, and communicating with other 

subsystems of the robot. 

Sensors represent a separate subsystem in this farm robot design. In total, two devices are utilized here – the 

soil moisture sensor and the DHT11 atmospheric sensor. Both sensors gather real-time data on certain 

parameters of the environmental conditions, such as soil water content and temperature-humidity readings. 

All collected data can then be used to make decisions regarding the amount and frequency of irrigation and 

the surrounding environment. Regarding mobility, the robot uses DC motors to move freely through the field 

while the L298N motor driver helps to ensure smooth and accurate movement. 

Additionally, the robot incorporates the ultrasonic sensor which provides obstacle detection for safe operation 

of the device. Besides, the robot has an ESP8266 Wi-Fi module for transferring real-time data to a remote 

monitoring system which can be utilized for further monitoring and control. 

 

Fig-2: Block Diagram of Automatic Agriculture Robot 

Hardware Components and Specifications 

The system uses low-cost and energy-efficient components suitable for real-time agricultural deployment. 

Table 1: Hardware Components 
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2 

Table 2: Component Specifications 

 

Decision-Making Model 

Irrigation operation is regulated by soil moisture threshold logic. System employs a basic rule-based decision 

model: 

Let: 

M = Soil moisture level (%) 

T = Threshold moisture level (%) The irrigation condition is defined as: 

If M < T → Pump ON If M ≥ T → Pump OFF 

Where the threshold value (T) is experimentally set between 30% and 60% depending on crop requirements. 

Working Algorithm 

The process works within an endless cycle that involves the following steps: 

Activate sensors and communication devices. 

1. Collect data on environment conditions – soil moisture, temperature, humidity. 

2. Measure the soil moisture level in comparison with the selected one. 

Control the watering process if necessary. 

3. Monitor obstacle distance by using an ultrasonic sensor. 

4. Guide the movement of the robot depending on information received. 

Transmit collected data via the Wi-Fi device. 

Repeat the process. 

Experimental Setup 

http://www.rsisinternational.org/
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The experiment was conducted in an agricultural testing field having dimensions of around 5×5 meters. Soil 

moisture was prepared in different conditions within the testing field to replicate actual situations. A robot was 

used in the field to carry out the irrigation and sensing operations. 

A number of tests were performed using varying conditions for the soil. Data was gathered after each interval 

and it was found that the 40% soil moisture level gave optimum results for controlling irrigation. 

The following parameters were measured: sensors' accuracy, time taken for irrigation, and amount of water 

used. 

The performance of the entire system was consistent through several experiments, giving accurate results for 

sensors and proper management of irrigation. 

RESULTS AND DISCUSSION 

The evaluation of the automatic agriculture robot performance will be focused on four critical parameters: 

environmental sensing accuracy, irrigation efficiency, reaction time, and overall system reliability. These 

indicators were selected because they represent key characteristics related to functionality of the designed 

robotic device, its real-life performance and efficiency in agricultural activities. Environmental sensors' 

accuracy defines the degree of the input data precision and reliability which can affect the final decision-

making process. Efficiency of the irrigation process depends on how successfully available resources will be 

used, in particular water. Reaction time is needed to guarantee immediate response when soil conditions 

change. Overall system reliability determines how efficiently and continuously it will function during long 

periods of time without interruptions. 

In order to validate above mentioned parameters, an experiment was performed using a laboratory setup 

similar to typical agricultural conditions. Different types of soil moisture and environmental changes were 

simulated during the experiment and robot's performance was observed under different conditions. Multiple 

data were gathered during many trials in order to check the results' reliability. 

Sensor Performance Analysis 

Accuracy of environmental sensors is crucial for decision making in this device. Thus, to test its accuracy, 

the moisture levels in the soil measured by sensors were compared with those manually taken. 

Table 3: Sensor Accuracy Analysis 

Parame

ter 

Measured

 

Value Range 

Accurac

y (%) 

Soil 

Moistur

e 

30% – 75% 93.8% 

Temper

ature 

24°C – 38°C 95.2% 

Humidit

y 

40% – 85% 92.5% 
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These results demonstrate the capability of the to system  maintain high accuracy in all sensors, ensuring 
reliable environmental monitoring. Even slight deviations do not exceed tolerable levels for farming purposes. 

Irrigation Efficiency 

An assessment of the automatic irrigation system was done by comparing the system's water consumption with 

the traditional method of manual irrigation. 

Table 4: Water Usage Comparison 

 

Method 

Water 

Consumpt

ion 

(Liters/da

y) 

 

Reduction 

(%) 

Traditio

nal 

Irrigatio

n 

120 — 

Propose

d 

System 

82 31.6% 

The effectiveness of the method in reducing water consumption was demonstrated due to the high accuracy 

of the irrigation regulation process based on the information on moisture content in the soil. 

Response Time Analysis 

Response time of the system was determined by the time between detecting the lack of soil moisture and 

switching irrigation on. 

Table 5: System Response Time 

Trial 

No. 

Response Time 

(seconds) 

1 2.1 

2 1.9 

3 2.3 

4 2.0 

5 2.2 

The system took around 2.1 seconds to respond, indicating fast and reliable performance, ideal for practical 

applications. 
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Navigation and Obstacle Detection 

In the experimental field, the robot followed its path with ultrasound detection. Objects that were present at 

various distances from the robot were detected with 94% accuracy, which helped the robot avoid collisions 

and move freely. 

 

Fig-3 Additional Performance Analysis 

DISCUSSION 

Firstly, the experiment showed that the developed automatic agriculture robot improves irrigation efficiency 

through data-driven control compared to fixed scheduling. The robot senses the soil moisture, and if the 

threshold exceeds 40% (the point when watering is required), the irrigation process starts. Thus, the robot 

consumed approximately 82 liters of water per day, whereas the traditional irrigation method used 120 liters 

per day, resulting in water consumption savings of 31.6%. 

Secondly, the developed automatic agriculture robot demonstrates high sensing performance. The accuracy 

of soil moisture measurement is equal to 93.8%, the accuracy of temperature measurement – 95.2%, and the 

humidity measurement accuracy is 92.5%. Based on this data, it can be stated that the selected sensors 

generate reliable information for making decisions based on the state of the environment. The robot reacts to 

changes in the environment in 2.1 seconds on average; thus, irrigation starts quickly, and there is no risk that 

the soil moisture level falls below the acceptable threshold. 

Finally, the developed system has mobility features that allow the robot to perform its functions without being 

installed at one place, unlike other irrigation systems. The system uses ultrasonic sensing to detect obstacles 

and navigate across the testing area. In this regard, the obstacle detection accuracy was 94%, which indicates 

uninterrupted operation within the testing zone without any additional interventions. Furthermore, this feature 

provides an opportunity to conduct localized irrigation. 

However, some challenges have been identified during the experiment. For example, the developed robot 

requires stable access to Wi-Fi connections. It is possible that in larger fields, the robot might face 

communication lags. Also, it should be noted that the developed navigation mechanism is appropriate for 

small-scale structured environments only, and it should be improved further. 

http://www.rsisinternational.org/
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the design and 

of a smart robot based on 
soil temperature, and 

 

research is needed to these challenges and improve the Regarding the design, it should be noted that the use 
of inexpensive hardware, such as an Arduino controller and conventional sensors, helped reduce costs 
without compromising performance. However, certain limitations exist, such as the dependence on Wi-Fi 
communications and limited scalability of the technology. Future overcome         robot's ability tonavigate 
in open spaces. 

Future works may include expanding the capabilities of the system to control irrigation in large areas, using 

GPS navigation and advanced machine learning algorithms to analyze the condition of crops. Also, it may be 

reasonable to consider additional options for collecting renewable energy, such as solar panels. 

 

Fig-4: Performance Comparison Graph (Placeholder) 

CONCLUSION 

The current research describe s   implementation agricultue 

an embedded system. It is proposed to increase the efficiency of the process of irrigating crops using 

information from environmental sensors to control the irrigation process automatically. For example, the 

system will monitor changes level, soil temperature and air humidity.The operation is based on the following 

principle: once the soil moisture falls below 40%, irrigation begins. 
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According to the findings, the accuracy of soil moisture detection is 93.8%, and the average delay of actuator 

operations is 2.1 seconds, which increases the quality of irrigation control. As a result, a significant 

improvement was achieved in terms of resource savings, i.e., reducing water consumption from 120 liters to 

82 liters per day (a 31.6% decrease). 

The robot has mobility, allowing localizing the sensors to detect obstacles, which improves the accuracy of 

irrigation control. According to experimental results, the obstacle detection accuracy is approximately 94%, 

demonstrating stable navigation. Thus, the robot can overcome one of the limitations of static systems by 

moving in the field to perform various tasks. 

Future Scope 

The suggested design of automatic agriculture robot performs efficiently within controlled environment; 

however, there are many aspects that could be improved in order to enhance its scalability, robustness and 

applicability in practical farming purposes. First, the robot's navigation should be improved as it currently 

uses only ultrasonic sensors to detect obstacles, which could not guarantee reliable detection in large 

unstructured agricultural fields. Thus, GPS-based navigation should be included to make the system able to 

precisely cover the entire field as well as automatically optimize routes. 

Additionally, communication issues can become relevant when dealing with large distances between the 

central computer and the robots. To avoid possible problems, such as unreliable connection via Wi-Fi, the 

system could use some long-distance communication protocols like LoRa or GSM module. 

Also, it is reasonable to include additional sensors that will provide more information about the soil and crops. 

Namely, including the sensors to measure soil nutrient level (NPK sensors), soil pH level, and light intensity 

will give the opportunity to implement crop management instead of simple irrigation control. 

Apart from that, machine learning can significantly enhance the robot's performance by implementing . 
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