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This project aims to develop an expert system to 
support agricultural water management using 
Fuzzy Logic and Rule-Based Decision Making 
methods. This system is important for improving 
agricultural yields and environmental 
sustainability, especially with the increasing 
demand for food and the impacts of climate 
change. Data was taken from Kaggle, including 
information on soil conditions, temperature, and 
rainfall. Data processing includes missing value 
removal, outlier detection, and splitting the data 
into 80% training and 20% testing. Fuzzy Logic 
was chosen because it is able to handle data 
uncertainty and provide accurate output 
regarding crop water requirements, while Rule-
Based Decision Making utilizes expert 
knowledge-based rules for decision making. 
Simulation results show that the Fuzzy Logic 
model provides recommendations for water 
needs according to actual conditions, with high 
responsiveness to soil moisture and temperature. 
The system is expected to be a tool to assist 
farmers in decision-making, increase agricultural 
productivity, and support water sustainability. 
This research contributes to the development of 
expert systems in agriculture and natural 
resource management based on modern 
technology. 
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INTRODUCTION 
Effective water management is key to successful agricultural production 

while maintaining the sustainability of natural resources. Challenges such as 
climate change, population growth and increasing food demand often make it 
difficult for farmers to determine appropriate water requirements. The 
uncertainty of factors such as crop type, soil condition, and weather further 
Complicates decision-making. To address this, expert systems based on fuzzy 
logic and rule-based Decision making offer innovative solutions. Fuzzy logic 
helps handle uncertainty in data by providing flexibility in decision making, 
while rule-based decision making provides specific recommendations based on 
rules derived from expert knowledge. Combining these two approaches creates 
a system that is more adaptive and responsive to conditions in the field. With 
proper implementation, this system can help farmers optimize water use, 
increase crop yields, reduce environmental impacts, and support the 
sustainability of the agricultural sector. This is an important strategy to address 
global challenges in water resource management in agriculture. 

 
Research Objectives 

This research aims to design an expert system model that provides 
recommendations for water management in agriculture using Fuzzy Logic and 
Rule-Based Decision making methods. The main focus is to improve accuracy in 
determining water requirements for various crops, as well as addressing 
uncertainty and data variability to make recommendations more appropriate to 
specific crop and environmental conditions. 

One important goal is to provide farmers with relevant data-driven 
recommendations, including the timing and amount of water required for 
irrigation, to help them make more efficient decisions. The research also seeks to 
improve the efficiency of water resource use, which is expected to reduce 
operational costs and environmental impacts due to excessive water use. 

In addition, this research supports sustainable agricultural practices by 
maintaining soil and ecosystem quality and ensuring the availability of water 
resources for the future. Raising farmers' awareness on the importance of good 
water management through training and application of expert systems is also a 
focus. 

The research will analyze factors that affect crop water requirements, such 
as crop type, soil conditions and weather, to provide more accurate 
recommendations. Finally, evaluation and trials of the expert system under real 
conditions will be conducted to assess its effectiveness and obtain feedback for 
improvement. 

Overall, the goal of this research is to develop and apply a Fuzzy Logic 
and Rule-Based Decision Making-based expert system in water management in 
the agricultural sector, with the hope of addressing the challenges farmers face, 
improving water use efficiency, and supporting sustainability in agricultural 
practices. 
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METHODOLOGY 
Data Collection  

Data collection is an important step in the development of a fuzzy logic-
based expert system for water management in the agricultural sector. 
Appropriate and relevant data is the foundation for providing effective 
recommendations. The following are the main elements in data collection: 
 
1. Types of Data Required: 
   - Soil Moisture Data: Using sensors to directly measure soil moisture. 
   - Weather Data: Includes temperature, rainfall, wind speed, and humidity, 

which can be obtained from meteorological stations or local sensors. 
- Crop Data: Information on crop types, growth phases, and specific water 
requirements for each type. 

   - Soil Condition Data: Includes pH, texture, and the soil's capacity to hold 
water. 
   - Historical Data: Information on rainfall and crop yields from previous years 

to analyze trends. 
 
2. Data Collection Methods: 
   -Sensors and Measuring Instruments: Install automated sensors for consistent 

measurements. 
   - Field Survey: Conduct periodic manual measurements to supplement sensor 

data. 
   - Meteorological Station:  Use data from stations to obtain accurate weather 

information. 
   - Geographic Information System (GIS): Collecting and analyzing spatial data. 
   - Historical Data Collection: Accessing data from government agencies or 

agricultural databases. 
 

3. Data Processing and Analysis: 
   - Data Cleaning: Removing invalid or inconsistent data to maintain analysis 
accuracy. 
   - Data Integration: Combining data from various sources to form a 

comprehensive database. 
   - Data Analysis: Applying statistical techniques and fuzzy analysis to evaluate 
the data. 
 
4. Data Validation: 
   - Sensor Testing: Ensure that the sensors are functioning properly and 

providing accurate data. 
   - Field Verification: Comparing data from sensors with manual measurements 

to ensure consistency. 
   - Model Validity Test: Testing the fuzzy model that has been built to ensure the 

recommendations match the conditions in the field. 
5. Data Storage and Management: 
   - Centralized Database: Using a database system to store all data for easy access. 
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   - Data Backup: Perform regular backups to protect data from loss. 
   - Limited Access: Set access rights for different users to maintain data 
confidentiality and integrity. 

 
Data Source Identification 

Identification of data sources is an important step in the development of a 
fuzzy logic-based expert system for water management in the agricultural sector. 
Relevant and accurate data sources are needed to produce appropriate and 
effective recommendations. Some categories of data sources that can be identified 
include primary, secondary, geospatial, historical, and the latest technology and 
innovations. 

Primary data sources are data that are obtained directly from the field and 
have high relevance to the needs of the system. Examples include soil sensors 
installed at farm sites to measure soil moisture and temperature in real-time. This 
data is important for understanding crop irrigation needs. In addition, weather 
sensors that measure temperature, humidity, rainfall and wind speed also 
contribute to the collection of accurate local weather data. Field surveys by 
personnel to collect information on soil conditions and crop growth, as well as 
interviews with farmers regarding their farming practices and experiences, are 
also valuable primary data sources. 

Secondary data sources involve data that has been collected by others and 
can be used for further analysis. Official meteorological stations are often a 
reliable source of weather data, providing information related to rainfall and 
temperature. Data from government and agricultural agencies, such as soil maps 
and crop yield statistics, are also very useful. Academic research that includes 
articles and reports on agriculture as well as agricultural databases containing 
information on different crop types and water requirements can be accessed to 
support analysis. 

Geospatial data provides important information on the location and 
geographic distribution of water management. Geographic Information Systems 
(GIS) can be used to collect and analyze spatial data, such as soil and crop 
distribution maps. Topographic maps and satellite images also help in 
monitoring soil conditions and plant health as well as land use changes. 

Historical data, which includes information from previous years, plays an 
important role in trend analysis. Records of previous weather and yield data can 
be used to forecast future weather patterns and crop yields. Documentation from 
farmers on farming practices and yields is also a valuable source of historical 
information. 

With advances in technology, new sources of data are emerging that can 
be used in water management. Mobile applications to help farmers manage 
irrigation and get up-to-date weather information are gaining popularity. Big 
data platforms that collect and analyze data from various sources, including 
sensors and social media, provide deeper insights. The Internet of Things (IoT) 
enables connected devices to collect and exchange data in real-time, improving 
the monitoring of agricultural conditions. 
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By utilizing various data sources, both primary and secondary, as well as 
geospatial and historical data, fuzzy logic-based expert systems can provide 
more accurate and relevant recommendations. This will assist farmers in making 
better decisions, improve water use efficiency, and support agricultural 
sustainability. Through the integration of information from these sources, this 
technology can play an important role in meeting the challenges posed by climate 
change and the evolving needs of agriculture. 
 
Data Collection 

The importance of proper data collection is crucial in the development of 
fuzzy logic expert systems for water management in the agricultural sector. The 
success of this system depends on the quality, accuracy, and relevance of the data 
collected. Accurate data helps farmers determine the time and amount of water 
required for plants, with information on soil moisture, weather conditions, and 
the specific needs of plants being vital. With the right data, expert systems can 
provide relevant recommendations, allowing farmers to make better and timely 
decisions related to irrigation. 

In addition, accurate data collection contributes to increased water use 
efficiency. Through in-depth analysis of water patterns, the system can help 
farmers understand the specific needs of plants and the environmental 
conditions that affect their growth. This understanding allows for the 
implementation of more efficient irrigation strategies, reducing water waste and 
supporting the sustainability of water resources. Amid challenges due to climate 
change and declining water quality, the management of these resources should 
be approached wisely. 

 
Historical data collected over many years is also essential for effective 

water management. This data provides insights for trend analysis, allowing 
expert systems to predict future water needs more accurately. By utilizing 
existing weather patterns and plant growth data, farmers can plan irrigation and 
water resource management more effectively. In a dynamic farming 
environment, where many factors can affect water needs, appropriate and real-
time data enables the system to provide responsive recommendations to changes, 
thereby reducing the risk of harvest failures. 

The use of accurate data and sound analysis can also improve agricultural 
outputs. Information about soil conditions and plants allows farmers to optimize 
irrigation and fertilization practices, leading to healthier and more productive 
crops. Consequently, both the quality and quantity of yields increase. 
Furthermore, efficient water management based on accurate data can minimize 
negative environmental impacts by preventing pollution from excessive 
irrigation and maintaining ecosystem balance. 

On the policy side, proper data collection supports the development of 
better agricultural policies. Information on water use, harvests, and 
environmental conditions can be utilized by policymakers to formulate strategies 
that support sustainable agricultural practices. With clear data, they can plan the 
management of water resources and channel assistance to farmers more 
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precisely. Additionally, farmers' awareness of the importance of good water 
management can increase, encouraging them to be more open to education and 
training in sustainable agricultural practices. 

Overall, the right data collection is key to the successful implementation 
of fuzzy logic expert systems. Accurate data enables the system to provide 
effective recommendations, improve water use efficiency, and support 
environmental sustainability. Given the increasingly complex challenges posed 
by climate change and the growing demands of agriculture, the importance of 
accurate data collection cannot be overlooked. Through effective data 
integration, technology can assist farmers in managing water resources more 
efficiently, contributing to better agricultural outcomes and more sustainable 
practices. 
 
Evaluation of Data Sources 

Evaluation of data sources is a crucial step in the development of fuzzy 
logic expert systems for water management in the agricultural sector. With the 
multitude of available data sources, it is important to assess their reliability, 
relevance, and quality. This process ensures that the data used in decision-
making is accurate and that the expert systems can provide valid and effective 
recommendations for farmers. 

Reliability is the main aspect of evaluating data sources. Data from non-
trusted or unverified sources can lead to false recommendations, which can harm 
both farmers and the environment. Therefore, it is essential to check the 
credibility of the sources, such as institutions or organizations that collect the 
data. Official sources, such as meteorological bodies or agricultural research 
institutes, are generally more reliable than unofficial sources. Additionally, the 
methods used for data collection should also be evaluated to ensure they adhere 
to recognized standards. 

Relevance is another important factor in the evaluation process. Irrelevant 
or inappropriate data in the context of water management can produce less 
accurate recommendations. Thus, the collected data should include specific and 
up-to-date information regarding soil moisture, rainfall, temperature, and other 
factors that influence plant water needs. Data gathered from sensors or 
measurement tools placed in the field tends to be more relevant compared to data 
from more general secondary sources. 

Data quality is also a critical aspect of evaluation. High-quality data 
should be free of errors and maintain good integrity, meaning that it should be 
consistent and accurate over time. Validation and verification techniques, such 
as cross-checking with other sources, can help ensure the quality of the data. 
Furthermore, the frequency of data updates should be considered; regularly 
updated data provides more accurate information about current conditions. 

Cost considerations and accessibility are also part of the evaluation of data 
sources. In effective water management, it is essential to use quality data sources 
that are accessible. Expensive or difficult-to-access data sources may not be 
practical, especially for small farmers with limited resources. As such, finding a 
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balance between quality, relevance, and cost in the selection of data sources is 
important. 

Finally, the evaluation of data sources should be conducted on a 
sustainable basis. The agricultural environment and weather conditions are 
constantly changing, making it vital to continuously evaluate and update the 
data sources used in expert systems. Periodic evaluations allow the system to 
remain relevant and effective in providing recommendations tailored to the 
needs of farmers, as well as identifying new and better data sources. 

Overall, evaluating data sources is a complex yet vital process in the 
development of fuzzy logic expert systems for water management. By ensuring 
that the data sources used are reliable, relevant, high-quality, and accessible, 
expert systems can offer more accurate and effective recommendations. Given 
the challenges faced by the agricultural sector due to climate change, the 
evaluation of data sources becomes increasingly important to help farmers make 
better decisions, improve water efficiency, and support sustainable agricultural 
practices. 
 
RESULTS AND DISCUSSION 
Preprocessing in Data Analysis and Machine Learning 

Preprocessing is an essential phase in data analysis and the development 
of machine learning models. The main purpose of preprocessing is to prepare 
raw data for model training, involving key steps aimed at cleaning, organizing, 
and optimizing the data to improve the quality of analysis and prediction results. 
Through precise preprocessing, we can reduce bias, enhance accuracy, and 
ensure that the built model is reliable when applied to new data. 

The first step in preprocessing involves reading data from sources, such 
as CSV files, and loading it into a canonical format, like a DataFrame using the 
Pandas library. This facilitates further analysis of the data. Once the data is 
loaded, we can examine the first few rows to gain an early understanding of the 
dataset's structure, including column names, data types, and existing values, 
which are crucial for understanding the characteristics of the data to be analyzed. 

Next, the process of feature and target selection is performed, where 
relevant columns are chosen as features (independent variables) to predict the 
target (dependent variable). Appropriate feature selection significantly 
influences model performance since irrelevant features can diminish the model's 
effectiveness in producing accurate predictions. The subsequent stage addresses 
missing data, involving the identification and handling of missing values in the 
dataset. Common approaches include deleting rows with missing values or 
filling them using methods such as the average, median, or mode. Effectively 
handling missing data is vital for maintaining the integrity of the analysis and 
preventing issues when running the model. 

Following this, normalization or data scaling is conducted to ensure all 
features are within the same range. Normalization helps improve model 
performance, particularly in algorithms sensitive to scale, such as K-Nearest 
Neighbors or Support Vector Machines. The final step involves splitting the data 
into two subsets: training data and test data. This division is important for testing 
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the model's performance on previously unseen data, thereby avoiding overfitting 
and ensuring that the model can generalize well. 

By executing these steps, preprocessing ensures that the dataset used is 
clean, structured, and relevant, which is crucial for building an accurate and 
reliable model capable of providing better analysis and prediction results. 
 
Steps in Data Preprocessing for Machine Learning 

1. Reading Data: The preprocessing process begins by reading data from 
CSV files using the Pandas library. The dataset is loaded into a DataFrame 
format, a tabular structure that simplifies analysis. Once the data is 
loaded, we can display the first few rows to gain an initial overview of the 
dataset's structure, including column names, data types, and existing 
values, which are essential for understanding the data characteristics. 

2. Selecting Features and Targets: After acquiring a preliminary 
understanding of the data, the next step is to identify the features 
(independent variables) and the target (dependent variable). In this 
context, relevant features include columns such as harvest, rainfall, 
moisture, and average temperature, which will be used to predict the 
production values. Proper selection of features is crucial, as irrelevant or 
redundant features can negatively impact the model's predictive accuracy. 

3. Splitting Data into Training and Test Sets: Following the identification of 
features and targets, the dataset is divided into two subsets: training data 
(80%) and test data (20%). This division is accomplished using the 
train_test_split function, ensuring that the model is trained on one set of 
data and evaluated on a different set. This approach helps prevent 
overfitting, where the model becomes too tailored to the training data and 
fails to perform well on new data. 

4. Handling Missing Data: The next step involves checking for and 
addressing missing data, which can significantly hinder analysis and 
reduce model accuracy. We need to identify any missing values, and if 
found, we can choose from several approaches: deleting rows with 
missing values, filling them with the average, median, or mode, or 
applying interpolation methods. The choice of method depends on the 
nature and extent of the missing data. 

5. Normalization or Data Scaling: Once the data is cleaned, normalization or 
scaling is performed if necessary. Normalization ensures that all features 
are on a similar scale, which can enhance model performance, especially 
in algorithms sensitive to data scale, such as K-Nearest Neighbors or 
Support Vector Machines. Common normalization techniques include 
min-max scaling, which transforms each feature to a range of [0, 1], and 
standardization, which adjusts the data to have a mean of 0 and a standard 
deviation of 1.  

 
Results of Preprocessing 

The results of the preprocessing phase yield a structured, clean dataset 
that is ready for model development. After going through all the steps outlined 
above, we have several key elements: 
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1. Initial Data Table: A table displaying the first few rows of the dataset, 

providing an initial overview of the available features and their 
corresponding values. 

2. Feature and Target Variables: Two main variables, X for features and y for 
the target, have been selected based on their relevance. 

3. Training and Test Data: The data has been split into training and test sets, 
with variables X_train, X_test, y_train, dan y_test, prepared for model 
training and evaluation. 

4. Clean and Standardized Data: If the steps for handling missing data and 
normalization have been applied, the result is a clean dataset with 
standardized features, enabling the model to learn more efficiently. 

 
Overall, the preprocessing stage is crucial in ensuring that the data used 

for analysis is of high quality and relevant to the analytical goals. With a well-
processed dataset, we can enhance the accuracy and reliability potential of the 
developed model, leading to more accurate results when used for predictions in 
real-world scenarios. 
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CONCLUSIONS 
The use of expert systems for water management in agriculture through 

Fuzzy Logic and Rule-Based Decision Making has shown highly positive results 
in enhancing water resource efficiency. Effective water management is crucial in 
agriculture for maintaining sustainable yields and ecosystem balance. By 
applying Fuzzy Logic, the expert system can address uncertainties commonly 
encountered in the field, such as weather changes, soil moisture variations, and 
specific plant needs. This enables the system to provide more flexible and 
relevant recommendations tailored to the actual conditions faced by farmers. 

From the perspective of Rule-Based Decision Making, this approach 
offers a clear structure for the decision-making process. The rules established 
based on prior data and experiences aid the system in delivering consistent and 
reliable recommendations. By combining these two methods, the expert system 
can offer comprehensive solutions for water management in the agricultural 
sector. The findings from this research indicate that the implementation of the 
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expert system not only boosts agricultural productivity but also supports more 
sustainable farming practices by reducing water waste and minimizing 
environmental impacts. 
 

RECOMMENDATIONS 
1. System Development and Improvement: It is recommended to continually 

develop and update the expert system by incorporating additional 
variables that affect water needs. Variables such as soil quality, crop types, 
and microclimate parameters should be included to enhance the accuracy 
of the generated recommendations. Further research is also needed to 
evaluate how climate change may influence irrigation needs and to adjust 
the system to evolving conditions. 

2. User Training: Providing comprehensive training for farmers and users of 
the system is essential for optimal utilization of this technology. Training 
programs should cover technical and practical aspects, including how to 
interpret system outputs, implement recommendations, and adjust 
farming practices based on the acquired data. Training could also involve 
simulations of system usage in real-life situations, allowing users to learn 
in a more interactive manner. 

3. Integration with Modern Technology: Integrating the expert system with 
modern technologies such as soil sensors, drones, and automated 
irrigation systems can enhance water management effectiveness. Sensors 
can provide real-time data on soil moisture and weather conditions, 
enriching the inputs for the expert system. This way, decisions made will 
be faster, more precise, and responsive to changing field conditions. 

4. Evaluation and Testing: Conducting evaluations and trials of the system 
across various locations and types of agriculture is crucial to ensure 
system reliability. Field trials can help identify practical challenges users 
may face. Additionally, feedback from users can provide valuable insights 
for system improvements. Long-term research involving observations 
across multiple growing seasons can also yield important data regarding 
system performance over time. 

5. Collaboration with Agricultural Experts: Partnering with agricultural 
specialists and environmental scientists in the development of this expert 
system is highly recommended. Such collaboration will ensure that the 
recommendations generated are not only data-driven but also aligned 
with best practices in sustainable agriculture. Regular meetings between 
system developers and farmers can foster constructive dialogue to 
provide support and better understand farmers' needs. 

6. Development of a Robust Database: Establishing a comprehensive 
database is vital for supporting effective decision-making. This database 
should include historical information on soil, crops, weather, and 
agricultural yields. With sufficient data, the models used in the expert 
system can be trained and periodically updated to improve the accuracy 
and relevance of recommendations. 
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FURTHER STUDY 
Future research is expected to further explore this material. 
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