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II. RELATED WORK 
The increasing pressure from urbanization, mounting waste volumes, and the necessity of circular economy models have 
driven significant innovation in waste management research. Current academic literature highlights key technological 
advancements essential for developing smart, automated, and interactive waste sorting systems. Thung and Yang [1] 
(2020) introduced foundational work on using Convolutional Neural Networks (CNNs) for waste classification, 
specifically focusing on recyclability status. By leveraging visual datasets like Trash Net, their study demonstrated how 
machine learning algorithms could be successfully applied to accurately distinguish between materials such as glass, paper, 
metal, and plastic. Their findings validated the core concept of employing CNNs to learn intricate visual features, thereby 
setting a benchmark for automated waste recognition. This research is crucial for any project prioritizing high-accuracy 
segregation at the source. Jahanzaib et al. [2] (2020) further explored the potential of Deep Learning models to 
streamline smart waste classification. Their work emphasized the superior pattern recognition capabilities of advanced 
neural networks over traditional methods, showcasing a significant boost in classification accuracy and system efficiency. 
The authors concluded that deep learning is vital for handling the visual complexity and material diversity in herent in 
municipal solid waste, demonstrating that these models are scalable and essential for enhancing modern sorting 
capabilities. Chauhan and Mehta[3] (2021) focused on the human element of waste management by designing a Smart Dust 
bin with Interactive Voice Feedback. Their system integrated text-to-speech modules and visual indicators (like LED or 
LCD screens) to provide real-time guidance to users. The primary goal was to increase user involvement and encourage 
responsible disposal habits through a hands-free, intuitive interface. This research highlights the shift toward using 
technology not just for automation, but for active behavior modification and promoting long-term environmental 
awareness. Nairand Jose[4](2022) analysed systems based on direct Image Processing and Computer Vision using 
platforms like OpenCV to detect and categorize waste based on explicit characteristics like colour, shape, and texture. 
While achieving high detection rates, their study critically discussed the practical limitations of such systems, specifically 
citing the requirement for high computing power and a pronounced drop in accuracy when faced with variable lighting or 
cluttered background conditions. This investigation underscores a significant challenge and a primary motivation for 
optimizing deep learning models for edge deployment. Dutta et al. [5] (2023) detailed the integration of IoT (Internet of 
Things) platforms to enhance the operational transparency and efficiency of smart waste bins. Their proposed system 
utilized IoT connectivity to enable several critical functions, including remote monitoring of fill levels, generating instant 
alerts for overflow or misuse, and creating web/mobile dashboards for data analysis and visualization. The authors 
concluded that integrating IoT with automated bins is essential for optimizing collection routes, reducing operational 
costs, and transforming waste management from a reactive service into a proactive, data-driven system. 

III. METHODOLOGY 
The Smart Waste Segregation System employs a carefully structured methodology, broken down into clear, sequential 
steps. This approach integrates both hardware and software components to achieve automated classification and sorting 
of waste materials. Below is an outline of how the entire system operates: 
Image Acquisition 
• The process begins when an ESP32-CAM module captures images of waste items. 
• Each captured image is then wirelessly transmitted to a connected laptop using a Wi-Fi communication protocol. 
Image Processing and Classification 
• Once received, the images undergo processing on the laptop, utilizing the MobileNetV2 model. 
• This model is designed to identify and classify the waste into one of two distinct categories: Biodegradable waste and 

non-biodegradable waste. 
• To boost its performance, the system incorporates data augmentation techniques during its training phase, such as 

rotating and scaling images. This enhances the model's capacity to accurately recognize waste even under varying 
conditions. 

Data Transmission 
• After a waste item has been classified, its category information is sent back to the ESP32 Development Board. 
• This data is critical for controlling the mechanical operations that facilitate accurate sorting. 
• Communication between all devices is secured through encrypted data packets to prevent any transmission errors. 
Mechanical Actuation 
• Based on the classification received, servomotors precisely guide the waste item into its correct collection bin. 
• The system is programmed to dynamically calibrate the angles of these servos, which helps ensure accurate bin 

positioning and significantly reduces sorting mistakes. 
User Feed back 
• An LED indicator provides immediate visual and voice feedback to the user, displaying the detected waste category in 

real-time. 
• This feature promotes transparency and allows for manual correction if necessary. 
• Additionally, the system maintains detailed logs of classification outcomes and mechanical actions, which are valuable 

for performance analysis and debugging. 
System Optimization 
• The system is engineered for real-time operation, ensuring minimal delay in processing. 
• Future enhancements could include expanding the range of waste categories the system can identify and further 

refining the machine learning model. 
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Fig.2: source code 

 

Fig.3: Hardware Setup 
 

Impact of Intelligent Voice Feedback on User Behaviour 
The project’s most novel contribution is the implementation of the intelligent voice feedback loop. A controlled user 
study was conducted on 20 participants to quantify the voice guide’s effect on user compliance and overall satisfaction. 
User Study and Behavioural Intervention Metrics 
  

Metric With Voice Feed back Without Voice Feedback (Baseline) Improvement 
First-Attempt 

Segregation Accuracy (User) 
 

95.0% 
 

82.0% 
 

15.8% Increase 
Subjective User  

Satisfaction Score (1-5) 
 

4.7 
 

3.5 
 

2.5 
 

Discussion: 
The introduction of the voice guidance ("Please place the plastic bottle in the blue bin, thank you.") led to a significant 
increase in user performance. The First-Attempt Segregation Accuracy soared by 15.8%, rising from 82.0% (visual-only cue) 
to 95.0%.This validates the system's role as an immediate, non-intrusive behavioural intervention. By providing instant, 
clear auditory instructions, the system eliminates user uncertainty and drastically reduces contamination at the very 
moment of disposal. The subjective user feedback strongly supports this finding, with the satisfaction score averaging 4.7 
out of 5. Users reported feeling more confident and motivated, effectively turning the disposal process into a guided, 
educational experience. In essence, the voice feedback successfully converts the passive act of disposing waste into an 
active, compliant interaction, which is critical for long-term sustainability efforts. 

V.CONCLUSION 
The Advanced Smart Waste Segregation System represents a pivotal and holistic advancement in urban waste 
management. By successfully integrating AI-driven classification (via Tensor Flow Lite for robust edge inference) with 
sensor-based automation, the system demonstrates exceptional technical capability. This functionality is crucial for 
achieving high segregation accuracy, directly addressing the longstanding issue of contamination in recycling streams and 
improving the efficiency of resource recovery. Beyond its technical performance, the system's most compelling innovation 
lies in its user-centric design and behavioural intervention mechanism. The integration of real-time voice feedback (TTS) 
creates a hands-free, educational interaction that effectively guides user disposal and modifies behaviour at the point of 
source. 
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By fostering compliance and environmental consciousness, this project provides a scalable and sustainable model for 
intelligent urban infrastructure, aligning waste handling with global smart city goals and moving communities closer to a 
truly circular economy. 
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