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Abstract 

Smart agriculture is a rapidly growing field that seeks to optimize crop yields and reduce risk through the use 

of advanced technology. A key challenge in this field is the need to create a comprehensive smart farm system 

that can effectively monitor and control the growth environment of crops, particularly when cultivating new 

varieties. This is where fuzzy theory comes in, enabling the collection and analysis of external environmental 

factors to generate a rule-based system that considers the specific needs of each crop variety. By doing so, the 

system can easily set the optimal growth environment, reducing trial and error and the user's risk burden. This 

is in contrast to existing systems where parameters need to be changed for each breed and various factors 

considered. Additionally, the type of house used affects the environmental control factors for crops, making it 

necessary to adapt the system accordingly. While developing such a framework requires a significant investment 

of labour and time, the benefits are numerous and can lead to increased productivity and profitability in the field 

of smart agriculture. We developed an AI platform for optimal control of facility houses by integrating data from 

mushroom crops and environmental factors, and analysing the correlation between optimal control conditions 

and yield. Our experiments demonstrated significant performance improvement compared to the existing system. 
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1. Introduction 

Although many smart farm technologies have been developed and implemented in South Korea, they 

currently only support general functions such as opening and closing devices for houses, as well as monitoring 

and adjusting temperature and humidity [1]. They do not provide detailed technical elements for specific crops. 

Therefore, these technologies may provide convenience for existing farmers, but they may not have the 

immediate ability to respond to crop problems for new or inexperienced farmers with limited experience in 

agriculture. 

To overcome these limitations, a smart AI farm that utilizes AI technology to develop an intelligent precision 

farming support system is needed [2]. This system aims to improve productivity and quality while minimizing 
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the input of labor, energy, and nutrients. 

First-generation models that have been widely distributed in South Korea typically only support functions such 

as opening and closing devices for houses, as well as monitoring and adjusting temperature and humidity. 

However, they lack the practicality and optimal control technology of third-generation models used in 

advanced countries for complex energy management.  

Existing smart farms only consider simple environmental factors for facility control systems, and there is a 

need for a smart AI farm that incorporates AI technology to adapt appropriately to environmental factors [3]. 

The previous systems are simple smart farm models, and automation has not been achieved to a significant 

extent, leading to a lack of information for building these systems. 

Fuzzy theory can be used to generate rule-based inferences and quantify uncertain external environmental 

factors during data collection and analysis [4]. 

The system proposed in this study is a comprehensive smart farm system that considers the optimal growth 

environment setting values using AI techniques and big data analysis [5, 6]. This system takes into account the 

type of crops and their growth environment settings, allowing for easy adjustment of the cultivation 

environment for new varieties. This reduces the risk of user errors in cultivation environment settings and 

decreases the user's burden of risk. The existing system does not consider the variety of crops or their 

cultivation environment, whereas the proposed system requires parameter value changes depending on the type 

of crop and considers multiple factors such as the size of the house, control devices, and equipment type [7]. 

Section 2 provides an explanation of the IoT-based facility, while Section 3 describes the development of 

the crop control environment framework [8]. Section 4 presents the experimental results, and Section 5 

concludes the study [9]. 

 

2. IoT-based Platform Environment  

In this study, we aim to develop an IoT-based artificial intelligence software platform for optimal control of 

greenhouse facilities. First, we measure and collect data on mushroom crops grown in greenhouse facilities in 

the Jinan region of Jeollabuk-do Province in order to analyze the correlation between optimal control 

conditions and crop yield, as well as environmental conditions and crop growth data [10]. Based on this 

analysis, we will build an artificial intelligence software platform for optimal control of greenhouse facilities 

that is more accurate. 

The following is an environmental system for building a facility greenhouse control device and collecting 

crop growth environment data. 

Figure 1 shows house control device wind direction, wind speed, precipitation 

 

 

Figure 1. House control device wind direction, wind speed, precipitation 
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Figure 2 shows external weather sensor: temperature, humidity, pressure measurement 

 

 

Figure 2. External weather sensor: temperature, humidity, pressure measurement 

Figure 3 shows internal sensors: temperature, humidity measurement 

 

Figure 3. Internal sensors: temperature, humidity measurement 

Figure 4 shows Observation camera: capable of pan, tilt, zoom, and night vision. 

 

Figure 4. Observation camera: capable of pan, tilt, zoom, and night vision. 

 

The following describes the details of house monitoring, collection, and control: 

① Data Collection 

i. Collect and monitor indoor temperature and humidity data for each house 

ii. Collect and monitor external environmental data for each farm 

iii. Collect and monitor control records for each house 

② Temperature Control: Remotely control indoor temperature through the analysis  

of crop-specific optimal control goals in the data analysis system. 
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Data and control monitoring details are shown in Figure 5. 

 

Figure 5. Data and control monitoring 

 

3. Control Environment Framework 

3.1 Data Collection and Analysis 

 

For the environment of research and data collection, which is divided into three categories, the first step is 

to develop and build an environment control device and environmental sensor for mushroom cultivation 

facilities to collect data. Secondly, data will be collected through facility environment control devices and 

environmental sensors, and finally, a system will be developed to collect optimal environmental data for the 

cultivation of mushroom. Development process of control framework is shown in Figure 6. 
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Figure 6. Development process of control framework 

3.2 Understanding the Correlation between Data 

The following Figure 7. describes the development of a learning algorithm for optimal control of the facility 

environment. 

 

Figure 7. Research on Artificial Intelligence algorithms for optimal control of facility 

environment. 

Framework development through cultivation environment control for Pholiota nameko mushroom - 

Automatic control, manual control, remote control system development [11]. 
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Analysis of collected data for optimal crop growth and research on artificial intelligence algorithms 

Application of optimal growth data to crop environment control framework Research on data collection 

methods for various crop varieties through literature review and research Development of improved embedded 

systems for automatic control in case of network disruption Modification and improvement of framework 

through feedback. Testing and feedback through application to mushroom cultivation facilities 

Data analysis algorithm is shown in Figure 8. 

 
Figure 8. Data analysis algorithm. 

 

Review of improvements and implementation in the system is shown in Figure 9. 

 

 
Figure 9. Setting up a testbed environment. 
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The following Figure 10. is an explanation for building a deep learning analysis model. 

Deep learning analysis model. 

 
Figure 10. Deep learning architecture 

 

User-defined values for the training model shows in Figure 11. 

 

 
  Figure 11. Value of hyperparameters. 
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Details of the learning model shows in Figure 12. 

Update: Adam optimizer 

Loss function: SoftMax 

Minibatch size :100 

Learning rate: 0.1 

 

 
Figure 12. Details of the training model 

 

4. Experiment and Results  

4.1 Learning of Growth Information Data 

A total of 323 growth data sets (demo data) from the shiitake mushroom farm were used as input and output 

data for learning shows in Figure 13. 

Figure 13. Details of the training model 
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- Training set: A data set for learning is randomly extracted 80% of the entire data shows in Figure 14. 

 
Figure 14. Training set 

 

Test set: The data set for validation is selected by 20% of the total data shows in Figure 15. 

 
Figure 15. Test set 

 

Correlation analysis using learned data Analysis of Best and Worst based on temperature, humidit

y, water, and sunlight. 

 

Training results and training progress are shown in Figure 16 and Figure 17 respectively. 
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Figure 16. The result of training 

 

Figure 17. Training progress 

 

Training Status Graph The graph below visualizes the accuracy of the learning model during the 

process of creating the model. It shows that the accuracy increases as the weight is updated. The X

-axis on the graph represents the number of iterations (the number of times the weight is updated), 

and the Y-axis represents the accuracy in percentage. As the iteration progresses, it can be observed
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 that the accuracy gradually increases. The Figure 18 shows training monitoring. 

 

 

Figure 18. Training monitoring 

 

Cross-entropy graph Figure 19 below is a graph that shows the error rate in terms of CE (Cross-entropy) 

as learning progresses [12]. There are three methods for calculating the error rate, which are CE, SSE (Sum 

Square Error), and MSE (Mean Square Error), but CE, which is commonly used recently, was used for the 

calculation in this project. In the CE graph, the X-axis represents the number of iterations as above, and the Y-

axis represents the CE value. Also, it can be seen that the error rate gradually decreases as the iteration 

progresses. 

 
Figure 19. Cross Entropy graph 

 

Recommend cultivation strategies based on the prediction results of the trained decision-making system,  

using the input of growth information to suggest the strategy with the highest probability value from the trained 

model. Figure 20 shows Extracting environmental information for the best and worst times. 
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Figure 20. Extracting environmental information for the best and worst times. 

 

Big data visualization Analyze data correlations through big data processing Visualize the analy

zed results show in Figure 21. 

 

 
Figure 21. Extraction of best & worst environmental information. 

5. Conclusion  

 In recent years, the use of AI techniques in agriculture has become increasingly popular due to their potential 

to optimize the yield and quality of crops while minimizing resources and costs. In this study, we developed 

an IoT-based AI software platform for optimal control of facility houses, which is an essential tool for precise 

cultivation management. By collecting and analyzing growth data from mushroom crops and integrating it 

with internal and external environmental data, we built a more accurate AI platform for facility house control. 

The platform enables the optimization of environmental control factors, such as temperature, humidity, and 

CO2 concentration, for each crop variety to achieve optimal growth conditions and higher yield. The 

experimental results on a test bed showed that our AI platform significantly outperformed the existing system, 

reducing the user's risk burden in setting the growth environment and increasing overall efficiency. The 

proposed framework has the potential to enhance the sustainability and productivity of the agriculture industry, 

making it an important step towards smart farming. 
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