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In recent decades, solid waste management in large cities has become a 

challenging issue because of the increasing amount of waste daily generated by 

citizens and enterprises. Modern computer vision and deep learning methods may 

facilitate the automatic detection and classification of waste for further recycling. 

This study proposes designing a deep learning architecture based on convolutional 

neural networks for solid waste classification tasks. We trained our model and 

compared it with other deep architectures that are recognized in the classification 

tasks. As a result of experiments, the combined Inception-ResNet model achieved 

the best classification accuracy. 

Nowadays, city dwellers encounter a decline in available natural resources in 

urban areas and experience various environmental problems. The cities’ ecology 

suffers from the amount of garbage that is generated daily [1]. The average 

European makes 517 kilos of waste per year, of which just a small percentage is 

recycled [2]. Most garbage segregation is performed manually, which leads to 

diverse health problems. The manual process of recycling is also time-consuming 

and requires huge taxes from citizens [3]. Therefore, there is an urgent task to 

establish effective recycling of accumulated waste. These solutions might reduce 

environmental pollution and solve the problem of improving citizens’ lives. 

The presented in this study approach adopts a supervised method to classify 

several types of waste depicted on images: glass, paper, cardboard, and plastic. 

Fig. 1 shows the general scheme of the waste image classification process. 

 

 
Figure 1 – Flow chart of the system for the waste image classification 
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The training of the neural networks was conducted on the current TrashNet 

dataset [4]. The benchmark dataset comprises 2,527 images and split into 501 

images of glass, 594 of paper, 403 of cardboard, 482 of plastic, 410 of metal, and 

137 general trash. 

The original collection of images was randomly partitioned into three 

subsets: training, validation, and test. All the subsets have the same rate of classes. 

As the number of images is small, we used 80% of them for training, 10% for 

validation, and 10% for tests. We adopted a 5-fold cross-validation strategy by 

creating randomly five training, test, and validation datasets. Moreover, the training 

sample is increased through the data augmentation technique. The results given in 

this subsection correspond to the average of the five runs of the test datasets. Table 1 

compares our best results, achieved by the ResNet model, with other deep learning 

models applied to waste classification. 

 

Table 1 – The comparison of convolutional neural networks for waste classification 

Architecture Accuracy 

GarbeNet (CNN) 0.871 

AlexNet 0.645 

GoogleNet 0.783 

The proposed architecture 0.875 

 

According to table 1, the proposed model surpasses all the other 

architectures. Eventually, we evaluated several CNN architectures for the automatic 

classification of waste. In our experiments on the TrashNet dataset, the best 

classification results were achieved with a proposed ResNet architecture with 87.5% 

of average accuracy. 

Our further work will be devoted to generating realistic synthetic images 

with multiple types of garbage, which can be used to train our models and test them 

with real images that combine several waste classes. 
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