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Abstract 
Aiming at orchard environment, an intelligent picking robot based on deep learning was 
proposed. This picking robot adopts the convolutional neural network model based on 
the YOLOV5 framework, and trains the model through advanced deep learning 
technology, so that the robot can recognize the fruit through computer vision, and 
realizes the stereo positioning of the fruit by using the principle of binocular vision. In 
this paper, the method of fruit target detection and recognition is designed, so that the 
robot system can achieve the three-dimensional positioning and precise picking of 
target fruit. 
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1. Introduction 

Fruit picking is a labor-intensive work, whether the timely completion of fruit picking in a short 
period of time to a great extent affects the cost of fruit storage, transportation, sales and other links, 
is a very important link in the whole fruit production, directly affects the practical interests of fruit 
farmers. At present, fruit picking is basically completed by hand, with low automation, high labor 
intensity, high picking cost and low efficiency. Therefore, it is urgent to introduce automatic 
technology into the fruit picking work, and the research and development of fruit picking robot is of 
great significance to improve agricultural production efficiency, enhance the competitiveness of 
agricultural products and reduce production costs, and is also the inevitable trend of agricultural 
production in the future. Therefore, combined with computer vision and convolutional neural network 
technology, a fruit recognition and positioning system of fruit picking robot was designed, which 
could achieve stereoscopic positioning and precise picking of target fruits. 

For the fruit picking robot, the fruit positioning technology is based on the correct recognition of the 
fruit, only the accurate recognition of the fruit target, can carry out three-dimensional positioning. 
Therefore, target recognition is the core of the whole fruit picking robot system, and its performance 
directly determines the accuracy of the robot system. The convolutional neural network used in this 
system has many advantages, including better training model, faster training speed, higher recognition 
rate and accuracy. Therefore, this paper proposes an intelligent fruit picking robot based on deep 
learning convolutional neural network, in order to obtain better recognition rate and picking rate. 

This paper firstly discusses traditional visual recognition and compares the advantages and 
disadvantages of Single Feature Vision Method and multi-feature Fusion Method. Secondly, in view 
of these shortcomings, deep learning convolutional neural network can significantly reduce the time 
required to train the model and help increase the target recognition rate. They can be used to improve 
the recognition rate of target objects and have broad application prospects. 
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2. Binocular Vision Positioning 

People observe the surrounding environment through their eyes, and use the parallax of their eyes to 
measure the distance of objects. Based on the same principle, distance information can be calculated 
by shooting corresponding points at the same time with two cameras with the same parameters. An 
industrial camera, from any point on the image can be found in three dimensional space mapping 
point, but when using two industrial camera in the same horizontal line taken from different angles 
goal there will always be a little as two camera line of sight, thus can use triangulation principle to 
calculate the target object three-dimensional coordinates. The binocular vision model is shown in 
Figure 1. 

 

 
Figure 1. Binocular vision model 

 

In binocular vision system, since the parameters of two industrial cameras are consistent, the object 
distance can be measured by the parallax of two cameras with the same parameters. In binocular 
stereo vision system, it is assumed that the world coordinate system coincides with the camera 
coordinate system, and the image coordinates of a point P(X,Y,Z) in space are respectively 
Px( 11 y,x )and Py( 22 y,x ). The distance between the optical centers of the two cameras is B, and the 
focal length is F. According to the triangle similarity relation, the coordinate P(X,Y,Z) of point P can 
be obtained as follows: 
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It can be seen from Equations (1), (2) and (3); As long as the left and right image coordinates of point 
P are known, the three-dimensional coordinates of the point can be calculated. Therefore, the target 
image can be located by binocular system. 

3. Classification of Computer Vision 

At present, the classification of computer vision mainly includes single feature vision, feature fusion 
and deep learning. 

The single feature vision method has less dependence on the size of the image when identifying the 
crops whose colors have significant and stable visual characteristics. Although this method can detect 
crops in the natural environment, it cannot completely distinguish the target characteristics. Therefore, 
object segmentation is required, but the robustness of the visual algorithm will be greatly reduced 
when color, geometric shape and other features are used for segmentation, that is, the method is very 
sensitive to environmental changes. 

The feature fusion method distinguishes different targets by comparing different features of targets. 
This method improves the target recognition rate in the environment of poor lighting conditions, 
partially occluded surfaces and similar backgrounds. Zhu et al. Proposed a multi feature fusion 
method of vision system, which is used to guide computer vision to cluster the multi feature detection 
scheme of the color and morphological features of crops in the detection target area. The experimental 
results show that the accuracy of multi feature fusion recognition is 90.15% in sunny days and 93.90% 
in cloudy days. However, the multi feature fusion method is easily affected by the changes of external 
environment, such as light, that is, in the natural environment, the multi feature fusion method shows 
poor robustness. 

Compared with the first two recognition methods, the deep learning method can get more abstract 
attribute categories or features. The concept of deep learning originates from the research of artificial 
neural network, which has multi-layer perceptron and multi-layer hidden layer. At present, this 
technology has been applied in different fields. Kushtrim et al. Proposed the deep convolution neural 
network architecture based on single-stage detector to improve the detection speed and realize the 
real-time detection of fruits. The experimental results show that the detection speed of the algorithm 
can be increased to 20 frames per second for apples and pears on the tree. Compared with the original 
hard coded feature extraction algorithm, this method has faster speed. Liu et al. Trained yolov3, 
resnet50 and resnet152 deep neural networks to verify the fruit recognition ability. Among them, 
resnet152 network with the best performance can recognize citrus fruits in the natural environment 
with an accuracy of 95.35%. These experiments also prove the superiority of the proposed deep 
learning in the application of intelligent fruit picking robot. 

4. Summary and Outlook 

Instead of being used in traditional visual recognition systems, intelligent picking robots using deep 
learning can significantly improve the accuracy of target recognition, which will provide efficient 
solutions for agricultural automation in the coming years. In addition, deep learning will also become 
the preferred technology for autonomous driving and visual navigation in the future. Smart products 
based on deep learning are also increasingly appearing in all kinds of devices. 
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