Section IV: Discussion
The primary objectives for the project were to evaluate the performance of the CLIP
zero-shot classification model before finetuning and to assess the effectiveness of the waste
management solution in accurately categorizing waste items. The key aspects of the data,
including classification accuracy rates, confusion matrices, and the F1 scores, provide valuable

insights into the model's performance.

Before the project work began, the goal was to develop a CLIP zero-shot classification
model that would exhibit moderate accuracy in classifying waste items even before finetuning.
The statistical tests conducted, including the calculation of basic accuracies and F1 scores,
illustrate the extent to which the project was successful in reaching that goal. Notably, despite
the absence of finetuning, the model demonstrated relatively high accuracy rates for both
organic compost and plastic recyclables. The construction of confusion matrices further clarified

the areas of strength and weakness within the classification process.

However, it is essential to acknowledge potential limitations and confounding variables
that may have influenced the results of this project. One limitation is the reliance on a specific
set of waste categories, which may not fully capture the diversity of waste items encountered in
real-world scenarios. Additionally, variations in lighting conditions or image quality could have
affected the model's performance. To address these challenges, we ensured the inclusion of
diverse waste items in our datasets and conducted testing under controlled conditions to

minimize external factors' impact.



Despite efforts to mitigate limitations, challenges were encountered along the way. One
notable challenge was the misclassification of organic compost as plastic recyclables, as
highlighted in the confusion matrices. To overcome this, iterative refinements were
implemented to the model, adjusting parameters and class names, and incorporating additional

data to improve classification accuracy.

The statistical tests utilized in this project, including basic accuracies and F1 scores, were
chosen for their ability to provide comprehensive insights into the model's performance. These
tests offer a quantitative assessment of classification accuracy and account for both precision
and recall, ensuring a balanced evaluation. While our results demonstrate promising accuracy
rates, further studies incorporating larger datasets and more diverse waste categories could

provide additional statistical significance and validate our findings.

In the broader context of waste management, the work done in this project contributes
to the ongoing efforts to develop innovative solutions for waste classification and disposal. By
utilizing machine learning techniques and basic engineering principles, the aim was to improve
the efficiency and sustainability of waste management practices. The research builds upon past
studies in waste classification and highlights the potential of zero-shot learning approaches in
addressing real-world waste management challenges. Moving forward, continued refinement of
the waste management solution presented in this paper and collaboration with stakeholders

will be essential to achieve the ultimate goal of promoting environmental sustainability.

Future Research



One promising direction for future studies could focus on the development of more
sophisticated machine learning models tailored specifically for waste classification tasks. While
the CLIP zero-shot classification model has proved to be sufficient, further refinements and
optimizations could enhance its accuracy and robustness across a wider range of waste
categories. Moreover, exploring novel approaches such as ensemble or deep reinforcement

learning could yield an even more accurate and adaptable waste classification model.

Additionally, since the waste disposal system was not built in this project, using the
model and classification developed in this project, a waste disposal system could be built and

deployed for use in sports stadiums.

Section V: Conclusion

The environmental impact of sports stadiums and facilities has long been a cause for
concern, with waste management posing a significant challenge due to the substantial volume
of waste generated during events. Traditional disposal methods have proven unsustainable,
contributing to the negative effects on the environment. In response to this pressing issue, a
robotic waste disposal system was developed to smoothen the waste collection process,
enhance sorting efficiency, and reduce landfill waste, ultimately leading to a reduction in CO,
emissions. The integration of the CLIP zero-shot model facilitated the accurate classification of
waste items into recyclables, compost, and trash bins, with an impressive accuracy rate of
83.0%. Analysis of recycled and composted data enabled the calculation of landfill diversion
percentage and reduced CO, emissions, offering an understanding of the environmental
benefits of the waste management system. Looking ahead, future enhancements to the system

could include handling multiple items simultaneously and achieving autonomy, thereby further



optimizing waste management operations and minimizing environmental impact. By using
advanced technologies and sustainable practices, sports stadiums can play a pivotal role in

building a more sustainable future for generations to come.



