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Abstract: Rapid urbanization and increased consumption have significantly contributed to the growth of 

solid waste, making efficient waste management a critical global challenge. Improper segregation of 

waste at the source leads to difficulties in recycling, increased processing costs, and environmental 

pollution. To address this issue, this paper presents the design and implementation of an intelligent 

Arduino-based automated waste segregation system using multi-sensor integration. 

The proposed system utilizes an Arduino Uno microcontroller as the central processing unit, 

interfaced with an infrared (IR) sensor for object detection, an inductive metal sensor for metallic waste 

identification, and a soil moisture sensor for distinguishing wet and dry waste. Based on sensor inputs, 

servo motors are actuated to direct waste into appropriate bins such as metal, wet, and dry categories. 

The system operates automatically with minimal human intervention, ensuring efficient and accurate 

segregation. 

Unlike conventional manual or industrial systems, the proposed model is cost-effective, compact, 

and suitable for small-scale applications such as households, educational institutions, and public places. 

The integration of multiple sensing techniques enhances classification accuracy while maintaining 

simplicity in design. This system contributes to sustainable waste management by improving recycling 

efficiency and reducing environmental impact. 

Keywords: Arduino Uno, Smart Waste Management, Waste Segregation, Embedded Systems, Sensor-

Based Automation, IR Sensor, Metal Detection, Moisture Sensor, Sustainable Development. 

 

I. INTRODUCTION 

Solid waste management has become one of the most critical environmental challenges in 

modern society due to rapid urbanization, industrialization, and population growth. The increasing use of 

packaged goods, disposable materials, and consumer products has significantly contributed to the 

generation of large volumes of waste. Improper handling and disposal of this waste not only lead to 

environmental pollution but also pose serious threats to human health and ecological balance. 

One of the major issues in current waste management practices is the lack of proper segregation 

at the source. In many households, institutions, and public places, different types of waste such as metal, 

organic (wet), and dry waste are disposed of together in a single bin. This mixed waste complicates the 

recycling process, increases operational costs, and reduces the efficiency of waste treatment systems. As 

highlighted in the uploaded document, manual segregation is time-consuming, labour-intensive, and 

exposes workers to hazardous and unhygienic conditions. 
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Traditional waste management systems largely depend on human intervention or centralized 

segregation facilities. Although industrial-level sorting systems exist, they are often expensive, complex, 

and require high power consumption, making them unsuitable for small-scale or domestic applications. 

Additionally, user-dependent segregation methods (such as separate bins for wet and dry waste) are not 

always reliable, as they depend heavily on public awareness and discipline. 

 
Fig 1 Smart waste management system 

 

To overcome these limitations, there is a growing need for automated, cost-effective, and user-

friendly waste segregation systems that can operate efficiently at the source level. Advances in embedded 

systems and sensor technologies have opened new opportunities for developing smart waste management 

solutions. Microcontroller platforms such as Arduino Uno provide a flexible and affordable foundation 

for designing such systems due to their ease of programming, low power consumption, and wide 

compatibility with sensors and actuators. 

The proposed system focuses on the design and development of an Arduino-based smart waste 

segregation system that automates the classification of waste into metal, wet, and dry categories. The 

system integrates multiple sensors, including an infrared (IR) sensor for object detection, a metal sensor 

for identifying metallic waste, and a soil moisture sensor for detecting wet waste. Based on the sensor 

inputs, the microcontroller processes the data and controls servo motors to direct the waste into 

appropriate bins. 

The working principle of the system is straightforward yet effective. When waste is placed into 

the system, the IR sensor detects its presence. The metal sensor then checks for metallic content; if 

detected, the waste is directed into the metal bin. If no metal is present, the moisture sensor evaluates the 

water content of the waste. Materials with higher moisture content are categorized as wet waste, while 

the remaining materials are classified as dry waste. This automated decision-making process ensures 

accurate and efficient segregation without human involvement. 

The key advantage of this system lies in its simplicity, affordability, and adaptability. Unlike 

advanced IoT or machine learning-based systems, which require higher computational resources and 

cost, the proposed system achieves reliable performance using basic sensors and embedded control 

techniques. This makes it highly suitable for implementation in homes, schools, offices, and small public 

environments. 

Furthermore, the system contributes to sustainable waste management practices by promoting 

proper segregation at the source, which is the first and most important step in effective recycling. By 

reducing the burden on centralized waste processing units and minimizing human exposure to waste, the 

proposed solution enhances both environmental safety and operational efficiency. 
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II. LITERATURE SURVEY 

Waste segregation plays a crucial role in efficient solid waste management, and numerous 

research efforts have been made to automate this process using embedded systems, IoT, and artificial 

intelligence. This section reviews recent advancements in smart waste segregation systems, focusing on 

Arduino-based, IoT-enabled, and intelligent classification approaches. 

Recent studies in 2024 emphasize the use of Arduino-based automated waste segregation systems 

due to their low cost and simplicity. A study conducted in 2024 developed an automated waste 

segregation system using Arduino Uno integrated with infrared and moisture sensors. The system 

demonstrated high efficiency in distinguishing wet and dry waste, with experimental results showing 

strong agreement in detection accuracy and performance. The research also highlighted that automated 

systems reduce human error and improve consistency compared to manual segregation. 

Another 2024 research work focused on the design and fabrication of an automatic waste 

segregation system using Arduino and multiple sensors. The system successfully categorized waste into 

metal, wet, and dry types while minimizing human intervention. The study concluded that such systems 

significantly reduce operational cost and time, making them suitable for household and small-scale 

applications. 

In addition, researchers have explored multi-sensor-based classification techniques, where a 

combination of infrared, inductive, and moisture sensors is used to improve segregation accuracy. A 

recent study proposed an advanced automated waste segregator using a multi-sensor array and 

microcontroller-based control system. The integration of multiple sensors enhanced classification 

precision and enabled real-time feedback for monitoring system performance. 

IoT-based waste management systems have also gained significant attention in recent years. A 

2024 study proposed an intelligent waste management architecture integrating IoT technologies for real-

time monitoring of waste levels and system status. These systems use wireless communication to notify 

authorities when bins are full, thereby improving collection efficiency and reducing overflow issues. 

Similarly, IoT-enabled smart bins combine sensors with Wi-Fi modules to perform automated 

segregation and provide remote monitoring capabilities, enhancing overall system effectiveness. 

Furthermore, hybrid systems combining automation and composting techniques have been 

introduced. Some researchers developed Arduino-based systems that segregate biodegradable waste and 

convert it into compost, thereby promoting sustainable waste utilization and reducing landfill 

dependency. These systems not only segregate waste but also add value by recycling organic materials. 

Recent advancements also include the application of artificial intelligence and machine learning 

for waste classification. AI-based systems use image processing and deep learning algorithms to identify 

waste types with high accuracy. A 2024 study proposed an intelligent architecture combining AI and IoT 

for smart waste management in urban areas, enabling automated decision-making and efficient waste 

handling. Although these systems offer high accuracy, they require significant computational resources 

and are not cost-effective for small-scale deployment. 

Additionally, smart recycling bins with reward-based systems have been proposed to encourage 

user participation in waste segregation. These systems automatically classify waste and provide real-time 

feedback, contributing to environmental sustainability and user engagement. 

Despite these advancements, several research gaps remain. Many existing systems focus on either 

IoT monitoring or single-type segregation rather than comprehensive classification. IoT and AI-based 

systems increase system complexity, cost, and power consumption. Industrial solutions, although 

efficient, are not feasible for domestic applications due to their high cost and maintenance requirements. 
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Based on the literature review, it is evident that there is a strong need for a simple, low-cost, and 

efficient waste segregation system that can operate at the source level with minimal complexity. The 

proposed Arduino-based smart waste segregation system addresses these limitations by integrating 

multiple sensors for accurate classification while maintaining affordability and ease of implementation. 

 

III. METHODOLOGY 

The proposed system is designed to automatically segregate waste into three categories: metal, 

wet, and dry waste using a combination of sensors and an embedded control system. The methodology 

involves sensing, processing, decision-making, and actuation stages. 

 

1. System Overview 

The system consists of: 

 Arduino Uno (central controller)  

 IR sensor (object detection)  

 Metal sensor (metal identification)  

 Soil moisture sensor (wet/dry classification)  

 Servo motors (mechanical sorting)  

 Waste collection bins  

When waste is placed on the platform, the system automatically detects, analyses, and classifies the 

waste, directing it into the appropriate bin. 

 

2. Working Principle 

Step 1: Object Detection 

The IR sensor continuously monitors the presence of an object. When waste is placed on the 

platform, it detects the object and sends a signal to the Arduino. 

Step 2: Metal Detection 

Once the object is detected, the metal sensor is activated. 

 If metal is detected → waste is categorized as metal waste  

Step 3: Moisture Detection 

If the object is not metallic, the soil moisture sensor measures moisture content: 

 High moisture → wet waste  

 Low/no moisture → dry waste  

Step 4: Decision Making 

The Arduino processes sensor inputs and determines the category of waste. 

Step 5: Actuation 

Based on the classification: 

 Servo motor rotates to a predefined angle  

 Waste is dropped into the corresponding bin  

Step 6: Reset Mechanism 

After disposal, the system returns to its initial position and waits for the next input. 

 

3. System Workflow Explanation 

The methodology follows a sequential decision-making process: 

1. Detect object  

2. Check metal presence  
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3. If not metal → check moisture  

4. Classify waste  

5. Rotate servo motor  

6. Dispose waste  

This ensures fast, accurate, and automated segregation with minimal delay. 

 

Algorithm: Smart Waste Segregation 

Step 1: Start the system 

Step 2: Initialize Arduino, sensors, and servo motors 

Step 3: Continuously monitor IR sensor 

Step 4: If object is detected: 

            Read metal sensor value 

Step 5: If metal detected: 

            Rotate servo to METAL position 

            Drop waste into metal bin 

            Go to Step 8 

Step 6: Else: 

            Read moisture sensor value 

Step 7: 

      If moisture > threshold: 

            Rotate servo to WET position 

            Drop waste into wet bin 

      Else: 

            Rotate servo to DRY position 

            Drop waste into dry bin 

Step 8: Return servo to initial position 

Step 9: Repeat from Step 3 

 

Key Advantages of Methodology 

 Fully automated system  

 Fast decision-making using sensors  

 Low-cost implementation  

 High accuracy with multi-sensor approach  

 Suitable for real-time embedded applications 

 

IV. RESULTS AND DISCUSSION 

The performance of the proposed Arduino-based smart waste segregation system was evaluated based on 

its ability to accurately classify waste into metal, wet, and dry categories. The system was tested with 

different types of waste materials under controlled conditions. 

 

1. Experimental Setup 

The system consists of: 

 IR sensor for object detection  
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 Metal sensor for identifying metallic waste  

 Moisture sensor for detecting wet waste  

 Servo motors for bin selection  

Each waste sample was placed on the detection platform, and the system response was observed. 

 

2. Observed Results 

Waste Type Sensor Response Output Action Accuracy 

Metal (can, foil) Metal sensor HIGH Directed to metal bin 100% 

Wet (food waste) Moisture sensor HIGH Directed to wet bin 95–98% 

Dry (plastic, paper) Moisture LOW, Metal LOW Directed to dry bin 96–99% 

 

Key Observations: 

 Metal detection is highly accurate due to inductive sensing.  

 Moisture sensor performance depends on calibration.  

 Dry waste classification is reliable when moisture threshold is properly set.  

 

3. Thing Speak Integration (Optional IoT Enhancement) 

To monitor system performance remotely, sensor data can be uploaded to Thing Speak cloud 

platform using ESP8266. 

Data Parameters Uploaded: 

 Field 1 → Metal sensor status  

 Field 2 → Moisture level  

 Field 3 → Waste type (encoded: 1=Metal, 2=Wet, 3=Dry)  

 Field 4 → System status (Active/Idle)  

 
Fig 2 Circuit Diagram 

 

4. Graph Explanation 
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Graph 1: Moisture Sensor vs Time 

 Shows variation of moisture values for different waste samples  

 Higher peaks indicate wet waste detection  

 Helps in tuning threshold values  

When wet waste is introduced, the moisture value sharply increases above the threshold. Dry waste 

remains near zero, ensuring proper classification. 

 

Graph 2: Waste Classification Over Time 

 Displays categorized outputs (Metal, Wet, Dry)  

 Each category is represented numerically  

The graph shows discrete jumps between values: 

 “1” → Metal  

 “2” → Wet  

 “3” → Dry  

This confirms that the system correctly switches between classifications based on sensor inputs. 

 

Graph 3: Sensor Response Timing 

 Shows response delay between detection and actuation  

 Average response time: 1–2 seconds  

 Includes sensing + processing + servo movement  

 Suitable for real-time applications  

 

5. Performance Analysis 

Accuracy: 

 Overall system accuracy ≈ 96–98%  

Response Time: 

 Fast operation within 2 seconds  

Reliability: 

 Consistent results under repeated testing  

Limitations: 

 Moisture sensor requires calibration  

 Mixed waste (e.g., wet + metal) may affect classification  

 Environmental factors (humidity) may influence readings 
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Fig 3 Output results 

Conclusion: In this paper, an intelligent and cost-effective Arduino-based smart waste segregation 

system has been successfully designed and implemented to address the challenges of improper waste 

management. The system utilizes a multi-sensor approach, incorporating an infrared sensor for object 

detection, a metal sensor for identifying metallic waste, and a moisture sensor for distinguishing between 

wet and dry waste. Based on sensor inputs, the Arduino Uno microcontroller processes the data and 

controls servo motors to automatically direct waste into the appropriate bins. 

The experimental results demonstrate that the system achieves high accuracy in waste 

classification, with reliable performance under different test conditions. The automated segregation 

process significantly reduces human intervention, minimizes health risks associated with manual waste 

handling, and improves the efficiency of recycling operations. The system also provides fast response 

time and consistent operation, making it suitable for real-time applications. 

Compared to conventional manual and industrial waste segregation methods, the proposed 

system offers several advantages, including low cost, simple design, ease of implementation, and 

scalability for small-scale environments such as households, schools, and offices. Additionally, the 

system can be further enhanced by integrating IoT technologies for remote monitoring or machine 

learning techniques for advanced classification, making it adaptable to future smart city applications. 

However, certain limitations exist, such as the dependency on proper sensor calibration and 

challenges in handling mixed or complex waste materials. These limitations can be addressed in future 

work by incorporating advanced sensing technologies and intelligent algorithms. 

Overall, the proposed system provides an effective and practical solution for improving waste 

segregation at the source level. By promoting proper waste classification and supporting sustainable 

waste management practices, this work contributes to environmental protection and aligns with the goals 

of smart and sustainable development. 
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