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Abstract 
At present, China, as the most populous country in the world, produces millions of tons 
of various types of waste every day. In order to achieve green environmental protection, 
sustainable development and build a good social environment. Therefore, this paper will 
combine the hot deep migration learning technology and garbage classification and 
treatment methods. This paper will take resnet50 as the neural network model, and 
continuously improve the recognition effect of the training model through data set 
optimization and model optimization. The accuracy of garbage classification image 
recognition using this model method is more than 90%. Compared with the traditional 
garbage classification, this model will well solve the problems of classification timeliness 
and cost. Through the method of data enhancement, the garbage pictures in different 
situations can be accurately identified. At present, deep learning has a very good 
development prospect in the direction of image recognition. Efficient artificial 
intelligence waste classification is bound to be a trend of waste classification in the 
future. 
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1. Introduction 

At present, millions of tons of garbage are produced every day in China. In the face of these increasing 
garbage, how to classify, recycle and reuse these garbage has become an environmental problem 
facing our country. For the purpose of environmental protection and rapid and correct classification 
of waste, there is no effective and feasible policy and solution for waste classification in China. At 
present, the treatment of waste is mainly carried out by spending a lot of manpower and material 
resources. Due to the various situations of garbage in reality, the accuracy and recognition rate of 
traditional image recognition methods in the field of garbage classification need to be improved. 
Some garbage classification is particularly difficult. Due to different sizes, shapes and colors, it is 
time-consuming and labor-consuming to classify garbage manually. [1] With the rapid development 
of deep learning technology, there are excellent performances in the fields of image and speech 
recognition. Target recognition, image recognition and convolutional neural network are applied to 
garbage classification, feature extraction and migration learning are carried out for garbage type 
pictures, and a highly accurate classification can be carried out for all kinds of garbage, so that the 
automation of garbage classification can be realized in different environments, Reducing workers' 
waste classification can provide a better environment for sanitation workers. And residents can also 
use it, so as to reduce the pollution and damage caused by garbage. 



International Core Journal of Engineering Volume 8 Issue 8, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202208_8(8).0105

 

775 

2. Principles of Deep Learning Technology 

Deep learning is a very hot field of computer [2], which analyzes data by simulating human brain. 
Convolutional neural network has excellent performance in image recognition and feature extraction. 
The classical neural network of deep learning can generally have input layer, hidden layer and output 
layer. Among them, the connection of each neuron has a weight. The value of each input can be 
multiplied by the weight on each neuron, and finally added, and so on. Finally, an output value can 
be obtained. Finally, according to the obtained output value, we can use sorftmax regression to 
convert the output value of the neural network into probability to obtain a result to classify it for our 
needs. 

2.1 Principle of Convolutional Neural Network 

Generally, the traditional neural network has only input layer, hidden layer, output layer and three-
layer structure. Convolution neural network adds more feature learning on the basis of deep learning 
[3]. The content of feature extraction is more convolution layer and pooling layer than the traditional 
network structure. The convolution layer obtains the effective features of the original image through 
the movement of the original image, and the pooling layer can reduce the complexity of the network. 
The results of multiple convolution operations will provide an output value to the activation function, 
which will increase the nonlinearity of the neural network model. 

2.2 Introduction to RESNET Model 

RESNET network model is a kind of uneven network. With the deepening of the network model, the 
feature extraction that can be obtained will be more obvious, but with the deepening of the network, 
the optimization results will become worse, and the accuracy of the test set and training set will be 
reduced. The deepening of the network will cause problems such as gradient explosion and gradient 
disappearance. RESNET network model can alleviate the problems of gradient disappearance and 
gradient explosion caused by increasing depth in depth neural network(See Figure 1 for details). 

 

 
Figure 1. Resnet model 

3. Methodology 

Four types of garbage image data are used in the data set, with a total of 6038 garbage images. In 
each category, there are multiple subcategories, including 2053 kitchen waste, 1762 recyclable waste, 
1189 other waste and 1034 hazardous waste. Each image is 373 pixels high and 500 pixels wide The 
color is 3 channels. All images are placed in different directories according to categories, and the total 
size of the data set is nearly 641mb. All pictures will be obtained through the picture data address. 
The image data set is divided into test set and training set, of which 70% is the training set and 30% 
is the test set. Anaconda3 is used to build the development and running environment. The hardware 
equipment is inter (R) core i7-11800h CPU @ 2.40 GHz,  16GB memory, 6GB nvida graphics card 
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3060, and 64 bit windows11 system and python 3 8, Tensorflow-gpu2. 1. Keras 2.3.1, using pychar 
as the development environment. 

3.1 Image Enhancement Optimization 

Because there are many unpredictable problems in the garbage classification site[4], obtaining all 
images through the image address optimizes the brightness, size, color, noise, blur, flip and other 
aspects of the image, emphasizes the characteristics of the image and makes it better with 
generalization ability, which is more conducive to the real garbage classification site and can produce 
better garbage classification training effect. 

3.2 Model Training and Analysis 

When training data, 70% of the data set is used as the training set, and the other 30% of the data is 
used as the test set of experimental test. In the training process, set the super parameter epoch to 300, 
that is, the data set of iterative training is 300 times, select some garbage pictures for training each 
time, and set the initial learning rate learning_ The rating is 0.001. Before each training process, the 
selected image will be optimized for data enhancement. At the same time, add class marks to deal 
with kitchen waste, recyclable waste, other waste and hazardous waste in order of 0, 1, 2 and 3. This 
can improve and strengthen the robustness of data. Through the verification set, the accuracy of the 
model is more than 90%, and the accuracy of the overall model is more than 90%, which proves that 
the model is also suitable for the application of complex waste classification sites, and also proves 
that the model is stable and efficient. The model is fully in line with the expected goal. The 
classification accuracy of kitchen waste is the highest, and its classification accuracy can reach 96%, 
which is of great help to the classification and treatment of waste in daily life. (See table 1 for details) 
TestClassificationreport. 

 

Table 1. Test Classification report 

Test Classification report:    

 Precision recall F1-score 

0 0.96 0.96 0.96 

1 0.92 0.95 0.94 

2 0.91 0.87 0.89 

3 0.90 0.91 0.90 

accuracy   0.93 

Marco avg 0.92 0.92 0.92 

Weighted avg 0.93 0.93 0.93 

3.3 Conclusion 

This paper takes the target detection of deep learning as the background, takes RESNET as the main 
network model, and shows that the system based on the network model performs well on the detection 
data set. Through the above optimization of the deep learning data set, model and training process, 
the accuracy of final garbage classification in complex environment is more than 90%. Although 
there are still phenomena of loss and wrong identification, this detection method saves time and 
reduces cost, which is very consistent with the actual scene of waste classification now and in the 
future. Make our daily garbage classification no longer need or reduce the manual complex inspection 
process. At present, the application of this deep learning to garbage classification will be the main 
trend of garbage classification in the future. 
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