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Abstract

As China has emerged as one of the leading exporters
of apples globally, the shortage of agricultural labor has
posed a significant challenge for the apple industry’s
growth. To address the issue of image recognition for
robotic apple picking in complex orchard settings, this
paper combines computerized image processing and deep
learning concepts to propose a detection model based on
YOLOvS. By implementing image preprocessing tech-
niques and optimizing the loss function, the study suc-
cessfully achieves accurate extraction and recognition of
apple image features. The experimental findings demon-
strate the high performance and accuracy of the proposed
method in apple picking tasks, offering valuable support
for the advancement of robotic automated picking sys-
tems. Future research endeavors will focus on further re-
fining the algorithm to enhance efficiency in real-world
production settings. The improved OLOv5 Detection
Models proposed in this article can be applied in fields
such as industrial detection, intelligent traffic signal con-
trol, and sports events.
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1 Introduction

China, as the world’s largest exporter of apples, has most lo-
cal farmers growing apples in their own orchards. During the
apple picking season, a significant number of workers are re-
quired to harvest ripe apples. The rapid urbanization in China,
along with an aging agricultural workforce and a large portion
of young individuals seeking work opportunities elsewhere,
has resulted in labor shortages during this crucial season[1].
To address this issue, China has been developing apple-picking
robots since 2011, making notable advancements. However,
existing robots often struggle to accurately identify various
obstacles in the orchard environment, such as ’leaf shading’,
’branch shading’, ’fruit shading’, and 'mixed shading’. With-
out precise judgment based on the actual conditions, harvest-
ing directly can lead to significant damage to the fruits, as well
as potential harm to the robotic arm and the workers. This can
negatively impact both harvesting efficiency and fruit quality,

resulting in substantial losses. Furthermore, the accurate iden-
tification and classification of harvested fruits is crucial for
subsequent sorting, processing, packaging, and transportation.
Moreover, the similarity in color, shape, and size between ap-
ples and other fruits poses a challenge for apple-picking robots
in accurately distinguishing between them.

At present, many scholars have studied this problem. Rele-
vant studies mainly include:Wang Dandan etal[2] further ana-
lyzed the problems in the vision system of apple picking robot
to provide reference for the in-depth study of the vision sys-
tem of apple picking robot.Ka-pach etal[3] investigated the
apple color detection method, but the algorithm detection ef-
fect is not ideal for immature apples or the situation of having
branches and leaves blocking, and apples are similar to the
background, and so on. Cao Chunqing etal [4] realized accu-
rate recognition and 3D localization of apples in multiple natu-
ral scenes by fusing YOLOV3 and binocular vision algorithms.
Zhao De’an etal [5] proposed a YOLO deep convolutional neu-
ral network-based localization method for robotic apple pick-
ing in complex backgrounds, using optimized YOLOvV3 deep
convolutional neural network to locate apples, and achieved
apple recognition and localization in complex environments.
Cao Zhipeng etal [6] used YOLOv4 neural network can rec-
ognize apples better, but the recognition speed of YOLOV4 is
low, which can’t meet the demand of real-time picking. The
above methods perform well in recognizing apple targets, but
they require high computational resources.

From the above research, we found that these methods are
difficult to achieve fast and accurate identification and local-
ization. It will be interesting to study what happens to a
method if it not only enables quick recognition but also en-
sures precise localization. The proposed approach involves
developing an apple image recognition model using the depth-
separable convolutional YOLOvVS model, with optimized loss
functions to enhance speed and accuracy in recognizing apples
in complex environments. This advancement further facili-
tates the practical implementation of domestic apple picking
robots. By analyzing labeled apple images and extracting rel-
evant features, a high recognition rate, speed, and accuracy are
achieved. Moreover, data analysis of the images enables au-
tomatic calculation of the number, location, maturity, and es-
timated quality of apples, thereby improving fruit recognition
rates. The results obtained exhibit high precision and recall






