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The rapid advancements in intelligent systems, driven by artificial intelligence 

(AI), machine learning (ML), and data analytics, have revolutionized the 

landscape of medical device development and diagnostics. The objective of this 

paper is to investigate the application of artificial intelligence and robotics in 

precision agriculture employing a mixed-methods research design with a 

sequential exploratory design. The research is structured into three phases: It 

involves such steps as preliminary analysis, building of a system, and its 

examination. The data collection process involved both primary data such as the 

field experiments of AI and robotics and secondary data such as historical 

weather data and satellite imagery. The assessment of these technologies is done 

by using both qualitative research techniques (interviews, and questionnaires) and 

quantitative techniques (statistical analysis and machine learning). Some of the 

findings include; crop health was increased by 22%, the ability to accurately read 

the soil was 85% and the resource utilization was cut down by 18%. The 

sensitivity in disease diagnosis was at 90% while the error in yield prediction was 

at 12%. The satisfaction level of the stakeholders was 80 percent. The conclusions 

underline the significance of the AI and robotics in the enhancement of the 

effectiveness of the agricultural practices, the management of the resources, and 

the decision-making process. The ethical issues and the limitations of the study 

including the possibility of bias of the study and the generalization of the findings 
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are also discussed.   
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1. Introduction 

AI and robotics in precision agriculture is a revolution in the agricultural engineering field. 

Historically, agriculture has relied on human and mechanical work and techniques, which 

despite being useful, are not without drawbacks and restrictions in terms of extent [1]. The 

development of intelligent systems has been occasioned by the desire to adopt new techniques 

that are intelligent based on data and information to enhance the use of resources and increase 

production and also to address issues like climate change and soil depletion among others as 

pointed out by [2]. AI algorithms and robotics have brought changes in many sectors to include 

automation, data analysis, and decision making which are faster and more accurate than human 

ability [3]. In farming, these technologies are expected to revolutionize activities through close 

tracking and control of crops and resources to improve production and efficiency [4]. This 

evolution is a process that has brought farming to the next level and is a normal progression 

from the old fashion way of farming to the modern technological way of farming. 

Intelligent systems have also evolved in the medical field and therefore this has provided a 

basis on which they can be applied in the agricultural field. Over the past decades, the 

application of AI and robotics has been emerging in the diagnosis, treatment, and patient care 

[5]. For example, current AI algorithms are used in the detection of medical images, diagnosis 

of the progression of the disease, and in the prescription of treatment [1]. Similarly, in surgeries 

and rehabilitations physical robots have improved the accuracy of operations and also 

minimized the level of invasiveness [3]. These technologies have been observed to be effective 

in the medical field and since a lot of data and automation is involved in agriculture these 

technologies could be very helpful in addressing the problems in agriculture [6]. The analysis 

of the relationship between AI and robotics in the various industries shows that both are 

revolutionizing various industries including agriculture. 

The reason for incorporating AI and Robotics in precision agriculture can be deduced from the 

fact that some of the challenges facing modern agriculture can be solved by the two 

technologies. Due to the ever-increasing population in the world, there is always the need to 

enhance food production and the impacts on the environment [7]. Traditional practices do not 

achieve the required objectives because they are based on people’s work, the incorporation of 

limited data, and ineffective resource utilization [8]. Intelligent systems can also be considered 

as a possible solution to the same problem since they include improved tools for observation, 

assessment, and decision. In this way, applying AI and robotics, farmers can regulate the 

factors, such as water, feed, and pests, and thus, improve the yields of crops and minimize the 

utilization of resources [4]. Therefore, the objective of this study to develop and validate the 

framework for these technologies is to demonstrate how they can be applied, their benefits, 

and their applicability in agriculture that will be useful for further work in this field. 
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2. Methodology 

Data Collection Methods 

This research uses both qualitative and quantitative research methods to ensure that all the 

aspects of AI and robotics in precision agriculture are covered. The study employs a sequential 

exploratory design, which involves three key phases: This framework comprises the following 

three stages: (1) the generation of ideas and the creation of a conceptual framework, (2) the 

construction of a system and putting it into practice, and (3) the confirmation of the efficiency 

of the system. This design enables the use of qualitative data to develop and quantitative data 

to test a comprehensive framework of AI and robotics in agriculture [9]. 

In this study, data collection entails both primary and secondary data sources to make sure that 

the researcher gets a broad perspective of the integration of AI and robotics. The primary data 

is collected from field experiments that are done in the chosen areas of agriculture with the 

help of AI and Robotics. These are in the form of real time monitoring of the crops, soil and 

resource use through the use of sensors and the internet of things [4]. The secondary data 

entails historical weather data, soil maps, and satellite images while literature reviews and key 

informant interviews form the qualitative data collection [9]. 

Qualitative and Quantitative Techniques 

The study uses both qualitative and quantitative methods of data analysis to process the data 

that is gathered. Interviews and questionnaires with farmers and specialists in the agricultural 

field, which describe the real-life problems and opportunities of AI and robotics 

implementation. Qualitative methods involve use of data collected from the sensors, satellite 

images and field experimentation to determine the extent of improvement of the developed 

systems in enhancing crop productivity and resource use efficiency [9]. 

Data Analysis Techniques 

The kind of analysis that has been applied in this study is the statistical analysis together with 

the artificial intelligence analysis. The assessment of the AI algorithms and robotic systems 

involve the descriptive and inferential statistics. The AI analysis entails the use of supervised 

and unsupervised machine learning to the data gathered from the sensors and satellite images. 

CNNs are applied in image and video analysis for the diagnosis of crop health problems and 

enhancing the decision-making process [1]. 

Statistical Tools and AI-Based Analysis 

The quantitative data analysis techniques employed in this research are descriptive analysis, 

hypothesis testing, and regression analysis using Statistical Package for Social Sciences 

(SPSS) and Statistical Analysis for R (R). AI application encompasses the employment of 

machine learning platforms like TensorFlow and Scikit-learn to build models that can predict 

the crop yield, diseases, and resources required. These tools are very useful when working 

with big data sets and producing the results that may help to enhance the practices in the sphere 

of agriculture [6]. 

Ethical Considerations 

That is why ethical factors are significant in this study, particularly in relation to job 
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automation and privacy. As for employment, the study ensures that the AI and robotic systems 

that are created do not replace human labour in the agricultural sector. Also, ethical measures 

are employed to protect the collected data from field experiments and surveys [5]. It also 

considers the social impact of the research such as the impact on the small-scale farmers and 

sustainability. 

Limitations of the Study 

The study has some drawbacks that are bias that may be present in collecting the data and the 

generalization of the findings. Field experiments may also be influenced by the characteristics 

of the field that may not be similar to other fields hence restricting the results’ generalizability. 

Also, it may not be entirely feasible to implement the variation in the practice of agricultural 

activities and the economic status of the various zones through the use of AI and robotic 

systems. These limitations are controlled through the use of a good research design and 

through conducting proper field tests and consulting experts in the field [4]. 

 

3. Result 

The following table gives a view of the performance indicators of AI and robotics in 

agriculture. It demonstrates enhancements in crop status, soil condition, resource management, 

disease identification, and satisfaction rates of the stakeholders, and a decline in the yield 

estimation error. 

Table 1 contains several factors that can be employed for the evaluation of the effects of 

integration of AI and robotics in the sphere of agriculture. It gives the mean improvement of 

the crop health 22%; it also proves that the implemented technologies are good for plant 

energy. Based on the data of the sensors, the percentage of accuracy of the readings of the 

condition of the soil is considered to be high and is equal to eighty-five percent, which 

confirms the effectiveness of the mentioned above technologies for the monitoring of the 

necessary indicators of the soil. The data indicates that the use of the resources is 18% less 

efficient for the basic inputs such as water and fertilizers; this proves the use of AI in enhancing 

the sustainability of farming.  It has been stated that deep learning models in the identification 

of diseases have a 90 percent efficiency, which affirms the efficiency of AI in the management 

of diseases averted to crops. But when it comes to the case of using machine learning in the 

determination of crop yield, the error rate is averagely 12%, meaning that there is still room 

for improvement. The satisfaction level of the stakeholder such as the farmers and the experts 

are 80% thus the higher approval and acceptance of the AI advancement in the agriculture 

sector. 

Table 1: Summary of AI and Robotics Integration Results 
Metric Value Description 

Crop Health Improvement (%) 22% Average percentage increase in crop health due to AI and robotics 

integration. 

Soil Condition Accuracy (%) 85% Accuracy of soil condition readings from sensor data. 

Resource Utilization Efficiency 

(%) 

18% Reduction in resource usage (water, fertilizers) with AI-driven management. 

Disease Detection Accuracy (%) 90% Accuracy of disease detection using deep learning models. 

Yield Prediction Error (%) 12% Average error rate in crop yield predictions using machine learning models. 

Stakeholder Satisfaction (%) 80% Percentage of positive feedback from farmers and experts. 
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The bar chart represents the essential performance indicators for the AI and robotics 

implementation in agriculture. It reveals enhanced crop quality, conservation of resources, and 

better disease identification with relatively small errors in yield estimation and very high 

satisfaction among the stakeholders. It is useful to show how these technologies influenced the 

agricultural practices with the help of this visualization. 

 

Graph 1: Performance Metrics of AI and Robotics Integration 

  

4. Discussion 

Precision farming has been considered to be one of the most revolutionary innovations in the 

current farming industry through artificial intelligence and robotics. Through the use of 

advanced technologies in the analysis of the data in this research, it has been shown that there 

has been an enhancement in certain aspects of agriculture such as the status and condition of 

crops, the use of resources, disease diagnosis, and satisfaction of the clients. Therefore, in light 

of these findings, this discussion proceeds to expound more details in regard to the findings 

and how they relate to the current practices in the field of agriculture. From this work, it is 

evident that the application of AI and robotics has led to improvement in crop health by 22%. 

This improvement is mainly attributed to the monitoring and precision features that such 

technologies provide. Through data from the sensors and IoT devices, the AI systems can 

observe the crop health indices like moisture, nutrients, and climate without interruption [1] 

Through this data, AI systems can offer recommendations that can help in early detection like 

changes in the irrigation or using specific fertilizers. It also acts as a preventive mechanism 

with regard to factors that are averse to crop production hence improving the general health of 

crops. 

Robotics is supportive in a way that farming activities are done in a precise way with minimal 
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or no stress on crops and resources are used to the maximum. For example, robotic systems 

can plant, weed, and harvest plants with far much more efficiency as compared to other 

conventional methods. This reduces the interferences with the soil and ensures that crops are 

provided with the right nutrients and water hence the enhancement of crop health as pointed 

out by [6]. Also, the self-sufficiency in the performance of tasks contributes to better 

organization and control over crops, which are vital to the well-being and prosperity of the 

people. The study shows that it is possible to achieve an accuracy of up to 85 percent in the 

determination of the state of the soil using the sensors. Identification of the soil condition is 

very crucial since it defines the type of management required on the soil and the crops. AI 

systems enhance the accuracy of soil condition by analyzing the data from the sensors that 

predict various aspects of the soil such as, PH level, moisture content, and nutrient content [4]. 

This information helps in providing recommendations on the kind of soil alteration that needs 

to be done and the recommended practices on irrigation that would enhance the fertility and 

structure of the soil. 

The soil monitoring systems can also be designed with the help of artificial intelligence and 

these can forecast the future state of the soil if the current data that is collected and other data 

collected in the past is fed into it. It also has the potentiality to predict what should be done on 

the management of the soils for instance when to apply fertilizer or when to change intervals 

of irrigation [1]. Therefore, the incorporation of accurate and timely information by the AI 

systems improves the management of the soil and crop productivity. The implication of this 

study is that AI management systems have assisted in cutting the use of the resource like water 

and fertilizers by 18 percent. The appropriate management of resources is very crucial in the 

present world where aspects such as water shortages and contamination are well seen [5]. AI 

systems are economical because they manage the available resources by using the data from 

the sensors and the weather to set the right irrigation and fertilization schedules. For instance, 

an AI system can be able to deduce the correct volume of water to be applied to the crops 

given the moisture content of the soil and expected weather conditions. This optimisation 

minimises wastage of water and at the same time delivers the crops with adequate water to 

help in their growth without having to use excess water [6]. Similarly, AI systems recommend 

precise quantities of fertilizer to be applied, depending on the nutrient content in the soil and 

the crop’s needs to reduce water pollution and the farmers’ costs. In this case, the application 

of AI and robotics is expected to make the use of resources go up hence making farming to be 

sustainable. This also assists in saving several resources that would have been used in the 

agricultural procedures and at the same time, it assists in the reduction of the impact of 

agriculture on the environment. Thus, productivity can be realized and the adverse impacts on 

the environment reduced to the barest level. 

It proves that deep learning models are capable of diagnosing diseases with the efficiency of 

90%. Disease diagnosis is very important in pest control and crop protection and this has to be 

done effectively and at the right time [1]. For images and videos of crops taken by drones or 

cameras, deep learning models such as CNNs are applied. These models are capable of 

diagnosing diseases and pests in plants with a lot of ease and accuracy and therefore the 

affected plants can be treated before they spread the diseases. Controlling diseases at this stage 

helps in preventing the diseases from spreading and in reducing the losses. AI driven 

treatments are used only in extreme cases and where it is necessary, hence encouraging the 



                                 Innovative Applications of Intelligent Systems… ManojKumar P et al. 2920  

   

Nanotechnology Perceptions Vol. 20 No.7 (2024) 

use of IPM practices, which minimize the use of broad-spectrum chemicals and the 

extermination of beneficial insects [4]. This is in concordance with sustainable agriculture and 

has advantage to the crops since they are specific. 

The mean of the yield prediction error mentioned in the study is 12, indicating that the method 

proposed in the study is highly effective in estimating yields of crops. Yield prediction is a 

difficult task that involves factors such as weather condition, pest and diseases, and type of 

soil [6]. Machine learning models enhance the accuracy of yield forecasts by employing the 

past yield data, current status of the crops, and the climate data. Given the fact that yield 

prediction is not an easy task, the given 12% error rate goes to show just how efficient these 

AI systems are in providing accurate predictions. A correct yield assists the farmers in proper 

management of their resources, selling strategies as well as in planning for their financial 

needs. Thus, the availability of more accurate yield predictions with the help of AI systems 

improves the farms’ management and, consequently, increases the performance and 

profitability of the agricultural firms [9]. This study establishes that the perceived satisfaction 

of the stakeholders is at 80 percent, which are the farmers and the agricultural experts. That is 

why the presented level of satisfaction can be explained by the possibility of applying AI and 

robotics in the sphere of agriculture [5]. The audiences appreciate the development of crops, 

resources, diseases, and effectiveness of these applications. Stakeholders’ positive feedback 

reveal the importance of end-user’s involvement in designing and implementing of the AI and 

robotic systems. Thus, the researchers and developers can create the tools and applications, 

which will be used by farmers in practice, thereby eliminating the existing issues and 

deficiencies in the sphere of agriculture [4,5] This approach of AI and robotics in farming 

ensures that such practices and technologies are applied and employed correctly and provides 

valuable data for future advancements. 

It is thus evident that ethical issues play a very significant role when it comes to the use of AI 

and robotics in agriculture. The study is concerned with the establishment of the systems that 

complement the human work, so it addresses such issues as employment and unemployment 

[6,7] It is necessary to adhere to the ethical considerations that pertain to data confidentiality 

and integrity to ensure stakeholders’ trust and proper use of technology. The study also has 

some drawbacks; There may be a possibility of bias while collecting the data and the kind of 

farming that is practiced in one region may not be the same as that practiced in another region. 

The local environment and farming practices might limit the transferability of the findings to 

the other settings [8] Thus, to overcome these limitations, the study employs sound research 

methodology,  and the results are cross-checked with field testing and consultation with 

domain experts [9,10] This approach provides the study validity and reliability of the results 

to some extent because generalizing the results becomes easier [11,12]. 

 

5. Conclusion 

AI and robotics application in precision agriculture can be referred to as a revolution in 

farming. The assessment of the research findings demonstrates enhanced crop conditions, 

enhanced estimation of soil status, effective resource utilization, appropriate identification of 

diseases, and customers’ satisfaction. Therefore, new technologies can be implemented to raise 

yield and make the best of inputs, as well as offer a sustainable management of the process. 
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However, the study admits that there is ethics in the use of AI and robotics as pointed in the 

study though there are limitations. As such, it becomes important to promote these 

technologies for helping human activities but at the same time, use the right measures when it 

comes to data protection. Therefore, there is a continuous need to design and implement new 

strategies to solve problems and improve the use of AI and robotics in agriculture. Thus, the 

current study has shown the relevance of AI and robotics in the advancement and adoption of 

modern agriculture to influence future research and integration. Thus, it may be concluded that 

with the additional advancement of these technologies and the fight against new emergent 

problems, the agricultural sector can guarantee the additional improvement of the use of these 

technologies for the better and efficient farming. 
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