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Abstract: The increasing concerns about environmental degradation and the proper management of liquid 

waste have led to the exploration of innovative technological solutions. This project presents a comprehensive 

approach to monitoring and controlling liquid waste utilizing Internet of Things (IoT) technology and fuzzy 

logic. The system aims to achieve real-time data collection, intelligent decision-making, and remote control 

through the aerator system by integration of sensors, microcontrollers, and the Thing Speak IoT platform. The 

project focuses on developing a smart liquid waste management system capable of measuring key parameters 

such as COD(chemical Oxygen Demand). The collected data are then processed through a fuzzy logic algorithm 

to make informed control decisions. The system employs a Node MCU ESP8266 microcontroller to interface 

with the sensors and actuators. The collected data are transmitted to the Thing Speak platform, where they are 

visualized and analyzed. The key advantage of integrating fuzzy logic lies in its ability to handle imprecise and 

uncertain data, which are often encountered in environmental monitoring scenarios. By leveraging fuzzy logic, 

the system can provide adaptive control decisions that respond to the dynamic nature of liquid waste conditions. 

Furthermore, the integration with Thing Speak enhances the system's capabilities by enabling real-time 

monitoring, data visualization, and remote control through mobile applications. The implementation of this 

project underscores the significance of IoT and fuzzy logic in addressing critical environmental challenges. The 

outcomes demonstrate the potential for optimizing liquid waste management practices, reducing the 

environmental impact, and promoting efficient resource utilization. This project contributes to the growing field 

of IoT-enabled environmental monitoring and offers insights into the effective utilization of fuzzy logic for 

decision-making in real-world applications. 
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I. INTRODUCTION 
The rapid growth of industrialization and urbanization has brought about an increase in liquid waste 

generation, posing significant challenges to environmental sustainability and public health [1],[2]. Effective 

management and control of liquid waste are essential to mitigate the adverse impacts on ecosystems and water 

resources [3],[4]. To address these challenges, innovative approaches that combine Internet of Things (IoT) 

technology and fuzzy logic have emerged as powerful tools for real-time monitoring and intelligent decision-

making in liquid waste management systems [5],[6],[7]. 

This case study delves into the development of a sophisticated liquid waste management system that 

integrates IoT devices and fuzzy logic algorithms [8],[9]. By combining the capabilities of IoT sensors, 

microcontrollers, and cloud-based platforms, the system aims to provide accurate data collection, real-time 

analysis, and adaptive control of liquid waste parameters [10],[11],[12]. The utilization of fuzzy logic enhances 

the system's decision-making process by accommodating the inherent uncertainties and imprecision present in 

environmental data [13], [14]. 

In this scenario, the project centers on the implementation of a monitoring and control system for liquid 

waste. Key parameters such as COD (Chemical Oxygen Demand) are measured using specialized sensors. The 

collected data undergo intelligent processing through a fuzzy logic algorithm, which translates the linguistic 

information into actionable control decisions. The Node MCU ESP8266 microcontroller facilitates 

communication between the sensors, actuators, and the cloud-based IoT platform. 

Central to the project's design is the integration with the Thing Speak platform, a widely used IoT service 

that enables data storage, visualization, and remote access. By leveraging Thing Speak's features, the system 

provides stakeholders with a real-time view of the liquid waste conditions through graphical representations 

[15]. Additionally, remote control capabilities are established, enabling users to make informed decisions and 

trigger necessary actions based on the analyzed data. 

This case study highlights the synergy between IoT and fuzzy logic in addressing complex environmental 

challenges. The integration of IoT devices enhances data collection and accessibility, while the fuzzy logic 
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algorithm refines decision-making in a dynamic and uncertain environment [16]. The outcome of this project 

showcases the potential for innovative technologies to contribute to sustainable waste management practices and 

underscores the importance of proactive measures in safeguarding our natural resources. Through the lens of 

this case study, we explore the transformative potential of IoT and fuzzy logic in modernizing liquid waste 

management practices. 

 

II. METHODS 
Monitoring and controlling liquid waste using fuzzy logic-based Internet of Things (IoT) involves a 

combination of sensor technology, data processing, and control systems. Here's a description of the methods: 

 

1. Hardware Components: 

 Node MCU ESP8266 Microcontroller 

 Temperature Sensor 

 Actuators (aerator pumps) 

 Power Supply 

 Connecting Wires 

 

2. Software and Platforms: 

 Arduino IDE for Programming 

 Thing Speak IoT Platform 

 

3. System Architecture:  

The liquid waste monitoring and control system consists of IoT-enabled hardware components and 

cloud-based software platforms. The Node MCU ESP8266 serves as the central microcontroller that interfaces 

with the sensors, processes data using fuzzy logic, and communicates with the Thing Speak platform for data 

visualization and remote control. 

 

4. Sensor Integration: 

 The sensor is interfaced with the Node MCU microcontroller. 

 The sensors are calibrated and programmed to measure the corresponding parameters of the liquid waste. 

 

5. Fuzzy Logic Implementation: 

 The Mamdani methods fuzzy logic algorithms are designed and implemented in the Arduino IDE. Here's 

a detailed figure of this research showed in Fig. 1 

 
Figure 1 Design fuzzy logic controller 

 

 The input membership functions are defined for three linguistic variables ("low," "medium,"and "high") 

corresponding to COD levels, showed in Fig. 2. 

 
Figure 2 Input variable COD 

 

 The output membership functions are defined for three linguistic variables ("short," "medium," and 

"long") corresponding to operating aerator machine, showed in Fig. 3. 
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Figure 3 Output variable operation time aerator 

 

 Fuzzy rules base are established to map sensor readings to control decisions, rules base that defines the 

relationship between input and output variables detailed in Fig.4 

 
Figure 4 Rule base 

 

 Rule view and surface view that defines the mathematical expressions to calculate the output detailed in 

Fig.5a and Fig.5b. 

      
(a)                                                                                  (b) 

Figure 5 Rules and surface view 

 

6. Data Transmission and Thing Speak Integration: 

 The Node MCU is connected to the Thing Speak platform using Wi-Fi. 

 Processed sensor data and control decisions are uploaded to Thing Speak's cloud-based storage. 

 Thing Speak's MATLAB Analysis feature is utilized for further data processing and visualization. 

 

7. Visualization and Remote Control: 

 Stakeholders can access real-time data visualizations on the Thing Speak platform. 

 Graphs and charts depict trends in COD levels. 

 Remote control functionalities are integrated, allowing users to trigger actuators based on analyzed data. 

 

8. Experimental Setup: 

 The liquid waste monitoring and control system is set up in a controlled environment. 

 Simulated liquid waste with COD levels is used for testing. 

 

9. Data Collection and Analysis: 

 Sensor readings, fuzzy logic output, and control decisions are recorded during the experiments. 

 The effectiveness of the fuzzy logic algorithm in making adaptive control decisions is evaluated. 

 

10. Results and Discussion: 

 The data collected from experiments are analyzed to assess the system's performance in monitoring and 

controlling liquid waste. 

 The benefits of incorporating fuzzy logic in decision-making are discussed, including its adaptability to 

uncertain environmental conditions. 
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11. Conclusion: 

 The study concludes by summarizing the achievements of the liquid waste monitoring and control system 

using IoT and fuzzy logic. 

 The potential applications and implications of the developed system for environmental sustainability are 

highlighted. 

 

The combination of IoT technology, fuzzy logic, and cloud-based platforms presents a comprehensive 

approach to effectively manage and control liquid waste, contributing to a more sustainable and environmentally 

conscious waste management process. 

 

III. RESULTS 
The results of research on "Monitoring and controlling liquid waste using fuzzy logic-based Internet of 

Things (IoT)" have been conducted and it can some outcomes: 

1. Efficient Waste Management: The research may provide insights into how fuzzy logic-based IoT 

systems can optimize the monitoring and control of liquid waste, leading to more efficient waste 

management processes. 

2. Improved Environmental Compliance: Findings could demonstrate how IoT and fuzzy logic 

technologies help ensure compliance with environmental regulations by maintaining waste parameters 

within permissible limits. 

3. Real-time Monitoring: The research might highlight the benefits of real-time monitoring of liquid waste 

parameters, allowing for quick responses to changing conditions as shown in Fig. 6 and Fig. 7. 

 
Figure 6 COD monitoring 

 

 
Figure 7 Opertion time aerator monitoring 

 
4. Reduction in Resource Usage: Results may show how these systems reduce the consumption of 

resources such as water and energy by optimizing waste treatment processes. 

5. Cost Savings: Researchers might quantify the cost savings achieved through improved waste 

management and reduced operational expenses. 
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6. Environmental Impact: The study may assess the environmental impact, such as reduced pollution and 

minimized ecological harm, achieved by implementing these technologies. 

7. Scalability and Practicality: The research could discuss the scalability and practicality of implementing 

fuzzy logic-based IoT systems in various industries and settings. 

8. Challenges and Limitations: Findings might also include challenges and limitations encountered during 

the research, providing insights into areas for further improvement. 

 

It's important to note that the specific results would depend on the research methodology, data analysis, 

and the context of the study. Researchers conducting such a study would aim to provide valuable insights into 

the effectiveness and benefits of using fuzzy logic-based IoT for monitoring and controlling liquid waste. 

 

IV. DISCUSSION 
The integration of Internet of Things (IoT) technology and fuzzy logic in the management of liquid waste 

presents a compelling solution to address the challenges posed by increasing industrialization and urbanization. 

This section discusses the key findings, implications, and limitations of the developed liquid waste 

monitoring and control system. 

 

1. Real-Time Monitoring and Data Accessibility: The implementation of IoT-enabled sensors allows for real-

time monitoring of crucial parameters such as temperature. This capability offers a significant advantage over 

traditional periodic sampling methods, as stakeholders can gain immediate insights into the dynamic nature of 

liquid waste conditions. The availability of real-time data contributes to informed decision-making and timely 

intervention, reducing the risk of environmental harm. 

 

2. Fuzzy Logic and Adaptive Control: The incorporation of fuzzy logic into the decision-making process 

enhances the system's ability to handle uncertain and imprecise data. The linguistic variables and membership 

functions used in the fuzzy logic algorithm enable the system to make adaptive control decisions based on the 

linguistic interpretations of sensor readings. This adaptability is especially valuable in scenarios where 

traditional control algorithms may struggle to respond effectively to varying conditions. 

 

3. Environmental Impact and Resource Utilization: By enabling adaptive control based on fuzzy logic, the 

system optimizes the utilization of resources such as water and energy. The ability to adjust control decisions 

according to the specific characteristics of the liquid waste contributes to minimizing resource wastage. This, in 

turn, leads to reduced environmental impact and increased operational efficiency. 

 

4. Remote Control and Decision-Making: The integration of the Thing Speak platform facilitates remote 

access to the monitoring and control system. Stakeholders can visualize real-time data, analyze trends, and make 

informed decisions even when physically distant from the site. The remote control capabilities provided by the 

system empower users to take timely actions to mitigate potential issues or optimize liquid waste management. 

 

5. Limitations and Future Directions: 

 Sensor Accuracy: The accuracy and reliability of sensor readings are crucial for effective decision-

making. Calibrating sensors and ensuring their consistency over time is essential. 

 Complexity of Fuzzy Logic: While fuzzy logic enhances adaptability, the design and tuning of fuzzy 

logic algorithms can be complex and require domain expertise. 

 Security Concerns: As the system relies on cloud-based platforms, ensuring data security and privacy is 

of paramount importance. 

 Integration with Existing Systems: The system's integration with existing waste management 

infrastructure and practices should be carefully considered. 

 

6. Environmental and Societal Implications: The adoption of IoT-based liquid waste management systems 

offers environmental benefits by minimizing pollution and conserving resources. Additionally, the system 

contributes to the creation of a more sustainable and resilient urban environment. Public awareness of such 

initiatives can encourage responsible waste disposal practices and foster a sense of environmental stewardship. 

 

7. Potential for Scalability and Adoption: The developed system has the potential to be scaled up for 

industrial, commercial, and residential applications. The integration of IoT and fuzzy logic principles can 
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contribute to the development of comprehensive waste management solutions that adapt to diverse settings and 

requirements. 

 

8. Future Research and Innovation: Future research could explore the integration of machine learning 

techniques to further enhance decision-making accuracy and efficiency. Additionally, the use of advanced 

sensors for detecting additional parameters and pollutants can provide a more comprehensive understanding of 

liquid waste composition. 

In conclusion, the liquid waste monitoring and control system exemplifies the transformative potential of 

combining IoT technology and fuzzy logic. The integration of real-time monitoring, adaptive control, and 

remote accessibility contributes to effective waste management and environmental stewardship. While 

challenges remain, the system paves the way for innovative solutions that harmonize technological advancement 

with sustainable practices. 

 

V. CONCLUSION 
The convergence of Internet of Things (IoT) technology and fuzzy logic has yielded a novel and effective 

approach to addressing the complexities of liquid waste management. This project has demonstrated the 

development and implementation of a sophisticated system that leverages IoT-enabled sensors, adaptive fuzzy 

logic, and cloud-based platforms to monitor and control liquid waste parameters in real time. 

The significance of this project lies in its ability to offer dynamic and responsive solutions to the 

challenges posed by liquid waste management. The integration of IoT sensors allows for the acquisition of 

immediate and accurate data, enabling stakeholders to gain insights into liquid waste conditions that were 

previously unattainable. By incorporating fuzzy logic, the system has achieved a level of adaptability that 

enhances decision-making in the face of uncertain and imprecise environmental data. 

The successful integration of the Thing Speak platform further enhances the system's capabilities by 

providing stakeholders with a platform for real-time data visualization, analysis, and remote control. This 

represents a critical step toward achieving proactive waste management and minimizing potential environmental 

harm. 

While the project demonstrates remarkable achievements, challenges such as sensor accuracy, 

complexity in fuzzy logic design, and security concerns warrant ongoing attention. The path forward involves 

refining the system, addressing limitations, and pursuing avenues for further research and innovation. 

In conclusion, the liquid waste monitoring and control system represents a significant stride toward 

sustainable waste management practices. By embracing the synergy between IoT technology and fuzzy logic, 

the project has set the stage for advancements in environmental monitoring and decision-making. This endeavor 

underscores the transformative potential of emerging technologies in fostering environmental responsibility and 

securing a more sustainable future. 
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