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Image Segmentation and Pose Estimation Method for Pitaya
Picking Robot Based on Enhanced U — Net

ZHU Lixue'? LAI Yingjie' ZHANG Shiang' WU Rongda' DENG Wengian' GUO Xiaogeng'
(1. College of Mechanical and Electrical Engineering, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China
2. Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510630, China)

Abstract. In order to achieve automation of pitaya harvesting, an improved U — Net based method for
pitaya image segmentation and pose estimation was proposed. Firstly, a concurrent spatial and channel
squeeze and channel exception ( SCSE) module was introduced into the skip connection ( connection
operation between the encoder and decoder feature maps) of the U — Net model. At the same time, the
SCSE module was integrated into the residual module double residual block ( DRB) to enhance the
network’s ability to extract effective features while improving its convergence speed, obtaining a pitaya
image segmentation network based on attention residual U — Net. By using this network to segment mask
images of fruits and their accompanying branches, image processing techniques and camera imaging
models were used to fit the contours, centroids, minimum bounding rectangle boxes, and three-
dimensional bounding boxes of fruits and their accompanying branches. Then based on the positional
relationship of fruits and their accompanying branches, three-dimensional pose estimation of pitaya was
performed. A test set was obtained in pitaya plantations to evaluate the performance of this algorithm.
Finally, field picking experiments were conducted in a natural orchard environment. The experimental
results showed that the average intersection and union ratio (mloU) and the mean pixel accuracy ( mPA)
of image segmentation for pitaya fruit reached 86. 69% and 93.89% , respectively. The average error of
three-dimensional pose estimation was 8. 8°. The success rate of pitaya fruit picking robot in orchard
environment was 86. 7% , and the average picking time was 22. 3 s. The research results indicated that

this method can provide technical support for developing an intelligent pitaya picking robot to achieve
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automated and precise picking.

Key words: pitaya picking robot; image segmentation; pose estimation; attention residual U — Net; 3D
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Fig.7 Example of 2D and 3D location information of pitaya
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