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Abstract

Carthamus tinctorius L. (safflower) is an important specialty cash crop in Xinjiang. However, due to its
short flowering period and concentrated harvesting window, safflower picking still relies predominantly on
manual labor, resulting in high labor intensity, low operational efficiency, and inconsistent product quality.
Meanwhile, the complex plant architecture of safflower and severe occlusion caused by fruit balls hinder
traditional two-dimensional vision systems from achieving accurate target positioning and stable path
planning. To meet the urgent demand for automated safflower harvesting, this thesis proposed a three-
dimensional (3D) point cloud-based method for picking point localization and trajectory planning. 3D
reconstruction was employed to acquire point cloud data, picking points were determined through point cloud
segmentation and target localization, and picking path planning was finally completed. The main
contributions of this work are summarized below:

(1) To address the challenge of acquiring accurate 3D structural information of safflower in unstructured
field environments, the Structure from Motion-Multi-View Stereo (SfM-MVS) reconstruction method was
adopted to generate high-density 3D point cloud models of safflower plants. A three-camera calibration and
registration system based on binocular ranging principles was constructed, and a dedicated visual interface
was developed to enable synchronous multi-view image acquisition and unified spatial coordinate
representation. Filtering and down-sampling optimizations were performed to improve point cloud quality,
providing a reliable data foundation for subsequent semantic analysis.

(2) To tackle the difficulties posed by slender safflower filaments, complex spatial distribution, and
severe background interference, an improved PointNet++ 3D semantic segmentation network was proposed.
The Star Blocks attention module was introduced to enhance feature representation in key local regions, and
the Context Anchor Attention (CAA) module was integrated to strengthen global semantic correlation.
Meanwhile, Depthwise Separable Convolution (DSC) was adopted to improve feature extraction efficiency
and boundary recognition capability. Experimental results demonstrated that the improved model achieved a
mean Intersection over Union (mloU) of 68.82% and a classification accuracy of 86.83%, both outperforming
the original network structure. The proposed model significantly enhanced the segmentation accuracy and
robustness for filament and fruit ball regions.

(3) For picking point localization, a 3D positioning method fusing semantic information and geometric
constraints was proposed. By calculating the centroids of filament and boll point clouds respectively, a dual-
centroid geometric constraint model was established. Combined with principal direction analysis and
Oriented Bounding Box (OBB) parameter extraction, the optimal picking point of each safflower flower was

determined, realizing accurate 3D spatial representation of picking points. This method effectively overcame

II



the limitations of 2D positioning, including the lack of depth information and insufficient spatial pose
inference capability, and improved positioning stability under complex structural conditions.

(4) Aiming at the low path planning efficiency and insufficient optimization stability in multi-target
safflower picking, an improved hybrid Particle Swarm Optimization-Sparrow Search Algorithm (IPSO-SSA)
was proposed for path planning. Based on the traditional Particle Swarm Optimization (PSO), a linear
decreasing inertia weight strategy and an optimized particle update mechanism were introduced. Integrated
with the Sparrow Search Algorithm (SSA), a hybrid IPSO-SSA optimization model was constructed to
collaboratively optimize the picking sequence and path length. Meanwhile, a gate-type picking trajectory
model was designed, and an arc transition strategy was adopted for trajectory smoothing. Field picking tests
verified that the system achieved an average picking success rate of 75.68%. Comprehensive experimental
results demonstrated that the proposed 3D point cloud-based safflower picking positioning and trajectory
planning method exhibited excellent performance in terms of positioning accuracy, path optimization
performance, and algorithm stability, and effectively improved the spatial perception capability and
operational efficiency of safflower harvesting systems.

Key words: Safflower; multi-view reconstruction; semantic segmentation; picking point localization; path

planning
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Fig.1-1 Flowering time of safflower
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