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Abstract 
In order to realize the classification of recyclable garbage and the recovery of renewable 
resources, an embedded artificial intelligence recyclable garbage sorting system 
integrating "eye-brain-hand" is proposed. First, use the YOLO algorithm to train the 
model on the garbage data set, and then deploy the trained model to the K210 
development board. Finally, the camera collects the data and transmits it to the k210 for 
garbage identification and classification, and is equipped with a mechanical device to 
complete the process. Garbage sorting. Tested in the actual environment, the system can 
effectively identify 4 types of spam, and the test accuracy can reach 82.16%. The 
embedded artificial intelligence garbage sorting system has fast detection speed, good 
robustness, high precision, and small module size, which can adapt to various places 
with harsh environments, save labor costs, and improve the efficiency of garbage sorting. 
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1. Introduction 

Garbage classification is a means to solve environmental pollution, and garbage classification and 
recycling are the keys to sustainable development. In August 2021, the Chongqing Municipal People's 
Government issued the "Notice on Printing and Distributing the Implementation Plan for Deepening 
the Classification of Domestic Waste in Chongqing" [1], which clearly stated that the utilization of 
resources should be promoted and build a recycling system for renewable resources. At present, 
garbage classification mainly relies on manual methods, and there are problems such as low efficiency 
and harsh environment during sorting. Therefore, how to efficiently and automatically realize garbage 
classification has important research significance. 

Machine vision technology is a necessary means for efficient and automatic garbage sorting. Machine 
vision technology is currently a hot research topic. Many companies have developed garbage sorting 
robots based on machine vision technology, which has made the garbage sorting industry quickly 
enter the era of artificial intelligence. The birth of intelligent garbage sorting robots marks that 
garbage sorting will be unmanned in the future. 

The robot collects and recognizes the picture content through the front-end machine vision, and 
transmits the category information and position to the controller to control the grasping of the 
mechanical arm. The key problem to be solved is the identification of garbage. In recent years, the 
method of extracting features from images using deep learning has gradually replaced traditional 
image feature extraction methods. The YOLO (You Only Look Once) algorithm proposed by Redom 
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[2] in 2016 makes up for the speed of the two-stage algorithm. The disadvantage of being slow is that 
the target detection problem is well regarded as a regression problem, and the coordinates and 
category confidence of the bounding box are directly obtained. By inputting a target image, it is 
possible to predict what objects are present and their positions, and the speed of the test is excellent 
in current target recognition algorithms. To this end, this paper uses the YOLO algorithm to conduct 
research on the embedded artificial intelligence office waste sorting system. 

2. System Design 

This paper designs an embedded artificial intelligence system integrating "eye-brain-hand", using 
machine vision technology to obtain the picture information of the garbage to be sorted through the 
"eye". The "brain" is the core mechanism of the entire system, the main function It is to obtain real-
time data from the camera, perform feature extraction and identification processing through 
algorithms, and transmit the category information and position information of the object to the 
actuator. Recycle. The frame diagram of the system is shown in Figure 1. 

 

 
Figure 1. The overall framework of the system 

3. Hardware Design 

This article uses the domestic chip K210 as the core master controller. This product is developed and 
designed based on the RISC-V architecture, and the instructions can be customized according to the 
actual application scenario. In terms of AI computing, it has low power consumption, stability and 
high reliability. The computing power of KPU can reach 0.8TOPS, which is better than the 
0.1TFLOPS of Raspberry Pi, and the price of K210 is more affordable. The front-end data collection 
uses a small camera, which is mounted on the K210 development board. The pluggable connection 
method with a 6cm long cable is used to facilitate the selection of the best shooting angle. After the 
identification and classification of the development board, the end robot is controlled to complete the 
garbage sorting. The system is also equipped with an LCD display screen, which adopts a pluggable 
connection method of 20cm long cable, which can more directly observe the identification of garbage. 
The physical map of the artificial intelligence garbage sorting system is shown in Figure 2. 
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Figure 2. Physical map of garbage sorting development board 

4. Experimental Setup and Result Analysis 

4.1 Dataset Introduction 

The data set of this experiment is a public data set downloaded from the Internet, including 
recyclables, hazardous waste, kitchen waste and other wastes. The recyclables are divided into metal 
cans, express paper bags, plug wires and plastic bottles, and other wastes are divided into For dry 
batteries and expired medicines. Each litter type has different forms, angles, lighting and occlusions. 

Through data enhancement and other methods, the data set is expanded to 8000 images, and the data 
set is divided into two parts, which are used as training model and test model. Use labelimg to label 
the dataset slices to obtain label images for training the model. 

4.2 Training the Model 

The Yolov3 algorithm includes 24 convolutional layers and 2 fully connected layers [2]. The 
convolutional layer extracts features, and the fully connected layer predicts the confidence of the 
image position set object. The network structure is shown in Figure 3. 

 

 
Figure 3. Training network structure diagram 

 

When performing the object detection task, the image is first divided into S*S grid cells. Whether the 
grid cell contains the object target is judged by the loss function, and if the judgment result is the true 
value, the object is detected in the grid cell. At the same time, there will be a confidence score to 
evaluate the bounding box. In formula 1, class refers to the category information, object refers to the 
target information, Pr refers to the probability information, and IOU refers to the probability of 
intersection ratio. If the score is high, it will reflect the model's impact on the boundary Boxes work 
well, otherwise, when no detected objects appear in the grid cells, the confidence score is simply 0. 

 

Pr(𝑐𝑙𝑎𝑠𝑠 |Object) ∗ Pr(Object) ∗  IOU  = Pr(𝐶𝑙𝑎𝑠𝑠 ) ∗ IOU          (1) 
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The brief description of the YOLO algorithm is that in the randomly generated bounding box, the 
anchor box with the highest evaluation score is obtained by the maximum value suppression method, 
thereby generating an accurate recognition target. The bounding box evaluation mechanism IOU 
(Intersection-over-Union) mentioned in Equation 1. The IOU is the probability of the intersection 
ratio between the real bounding box area in the label dataset and the area of the prior box randomly 
generated by the program.The randomly generated prior frame has five feature information, which 
are the horizontal and vertical coordinates of the center point of the prior frame, the length-width ratio 
of the prior frame and the entire image, and the confidence probability of category prediction. The 
YOLO algorithm introduces a convolutional neural network to perform random anchor frame 
processing on the entire image.Finally filters out useless frames through non-maximum suppression 
to obtain the most matching prior frame. 

In the process of training a model, the objective function value (loss) is an indicator to evaluate 
whether a model is reliable. The reliability of the model means that the loss value will gradually 
decrease with the increase of the number of iterations, and then tend to a stable value. The model loss 
of the garbage identification model is shown in Figure 4. By continuously adjusting the weight value 
and modifying the number of training iterations, the training loss value continues to drop and finally 
reaches a stable value, indicating that the model is reliable. Using the model to test the training set, it 
can be found that the loss value of the test is slightly higher than that of the training, but it is still 
stable.The test accuracy of this model is 82.16%. Since the background of different environments and 
different object shapes in the test image will affect the accuracy of recognition, the overall recognition 
effect can be achieved, and the model can be deployed to the k210 development board middle. 

 

 
Figure 4. Model loss function 

4.3 Deployment Model and Test Results 

K210 writes programs and communicates through the serial port. After installing the USB to serial 
port driver, connect it to the computer with a MicroUSB data cable.K210 uses MicroPython, which 
is a streamlined and efficient version of the Python3 programming language. It contains a small part 
of the Python standard library. After continuous optimization by developers, it can run in 
Microcontrollers and special environments. MaixPy is a dedicated programming tool for K210. If the 
icon in the lower left corner shows green, it means that the connection to K210 is successful. The 
model can be deployed after booting. 
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The model file trained on the PC has a suffix of .tflite. After converting it to a file with a suffix 
of .kmodel, write a program on MaixPy and burn it to the K210 development board. After the 
development board is turned on, the camera can automatically identify garbage pictures in real time, 
as shown in Figure 5. The test environment will affect the test accuracy, and the most suitable angle 
and light need to be adjusted to achieve the highest accuracy when applying in the garbage place. 

 

 
Figure 5. Spam identification results 

5. Conclusion 

By studying the YOLO algorithm and the structure of the K210 development board, an embedded 
artificial intelligence recyclable garbage sorting system integrating "eye-brain-hand" is constructed. 
The garbage identification model is trained through the data set and deployed to the K210, which can 
effectively, real-time and quickly identify and classify garbage. This system has high precision, small 
size and high robustness, and effectively avoids the problems of slow garbage sorting, low efficiency 
and harsh environment. 
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