
   Our project uses several sensors to classify the type of trash. The final sensing method 
uses an Arduino board and an ESP-32 camera to implement a machine learning program 
that detects garbage and displays its category.  
 
   We first created a Python program that classifies images of several categories of trash 
using PyTorch. We imported a dataset from Kaggle containing six classes of waste: 
cardboard, glass, metal, paper, plastic, and landfill trash. We decided to remove the landfill 
class as we only looked for recyclable trash. The dataset contained 2390 images (without 
the landfill category). The images are all colored, and they are all sized 512 x 384 pixels. We 
resized all the input images to 256 x 256 pixels in the data preprocessing step. A good batch 
of 32 photos looks like the following: 
 

 
 
We then divided the dataset into a train, validation, and test set. The ratio of those sets was 
6:2:2, resulting in 1434 images for training, 478 images for validation and testing. 
 
   We implemented the pre-trained ResNet50 from one of PyTorch’s pre-built architectures 
regarding the system. Rather than building an architecture from scratch, we thought 
implementing an objective, successful approach would be better for our project. The 
following image shows the overall architecture of ResNet50. 
 

 
 
As we did not have a device with a compatible GPU with PyTorch’s module, we used a 
standard device and its CPU to fit the model. We used Adam for the optimization function 
and set the number of epochs eight times. In the final epoch, the system displayed a 
validation accuracy of 0.9097. 
 
   The next step is to employ the image classification program for the Arduino board. We 
used an ESP-32 camera and Python’s OpenCV module to detect the object. When the 



object is seen in the camera, we implement the previous program that classifies the category 
of the garbage. The system outputs a number from zero to three, each representing the 
category.  


